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Abstract
Purpose Stability in the sagittal plane, particularly regarding anterior cruciate ligament compensation, and postoperative 
functionality and satisfaction remain issues in total knee arthroplasty. Therefore, this prospective study compared the clini-
cal outcomes between medial-pivot-based and posterior-stabilised total knee arthroplasty based on anterior translation and 
clinical scores.
Methods To assess outcomes of total knee arthroplasty for varus osteoarthritis, the anterior translation distance of the tibia 
relative to the femur was measured at 30 and 60° of flexion using a KS measure Arthrometer at 6 months postoperatively. 
The 2011 Knee Society Score, Forgotten Joint Score, visual analogue scale for pain, and range of motion were assessed at 
6 months and 1 year postoperatively. The correlations among each score, anterior translation distance, range of motion, and 
visual analogue scale score for pain were investigated.
Results The medial-pivot and posterior-stabilised groups comprised 70 and 51 patients, respectively. The medial-pivot group 
exhibited a significantly shorter anterior translation distance at 60° flexion than the posterior-stabilised group. Furthermore, 
the medial-pivot group achieved significantly better outcomes regarding the visual analogue scale for pain, 2011 Knee Society 
Score, and Forgotten Joint Score than the posterior-stabilised group. A significant negative correlation was observed between 
the anterior translation distance and the function score of the 2011 Knee Society Score, whereas a significant positive cor-
relation was found between the anterior translation distance and flexion angle, and between the extension angle and score of 
the Forgotten Joint Score or 2011 Knee Society Score. Significant negative correlations were also found between the pain 
visual analogue scale and both the 2011 Knee Society Score and Forgotten Joint Score.
Conclusion In total knee arthroplasty for osteoarthritis, the medial-pivot group displayed a shorter anterior translation 
distance than the posterior-stabilised group at 6 months postoperatively. The visual analogue scale score for pain was also 
significantly lower in the medial-pivot group than that in the posterior-stabilised group at both 6 months and 1 year postop-
eratively. Because a correlation was observed between the anterior translation distance and the function score, medial-pivot-
based total knee arthroplasty was considered to significantly improve postoperative function compared to posterior-stabilised 
total knee arthroplasty.

Keywords Anteroposterior laxity · Cruciate substitute · Medial pivot · Posterior-stabilised · Total knee arthroplasty · 
Sagittal stability
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ROM  Range of motion
TKA  Total knee arthroplasty
VAS  Visual analogue scale

Introduction

Total knee arthroplasty (TKA) is one of the most successful 
orthopedic surgeries for alleviating knee pain and recovering 
function. However, patient satisfaction after TKA is inferior 
to that after total hip arthroplasty. Reasons for dissatisfaction 
with TKA include [8] a confounding effect of malalignment 
[1, 23], instability [34], poor range of motion (ROM) [23], and 
residual pain [8]. Various implant designs, including cruciate-
retaining, posterior-stabilised (PS), cruciate-substitute (CS), 
mobile-bearing, medial-pivot (MP), and bilateral cruciate 
ligament preservation, have been proposed. The association 
between implant and articular surface designs and improved 
postoperative clinical outcomes is of great interest to surgeons. 
Although posterior stability of the tibia is considered in CR 
and PS designs, a few implant designs allow for postoperative 
retaining of anterior cruciate ligament (ACL) function, which 
impacts postoperative clinical outcomes [16].

In PS implants, a post-cam mechanism replaces posterior 
ligament function and induces rollback, which prevents pos-
terior translation of the tibia and restores good ROM in flex-
ion. However, ACL function is not fully compensated in the 
PS design. Moreover, in MP implants, the medial condyle 
acts as a deep dish with a high degree of constraint, similar 
to a ball-and-socket joint, and the medial side possesses a 
high degree of anterior–posterior (AP) stability. In contrast, 
the lateral dish is shallow, with limited constraints, mak-
ing it easier to reproduce the kinematics of a normal knee 
wherein the femur rotates laterally and rolls back against 
the tibia during flexion. Although studies have compared 
several MP implants and PS or cruciate-retaining implants, 
the superiority of the former regarding AP joint laxity has 
not been demonstrated and remains controversial [3, 4, 6, 
11–13, 17–19, 21, 22, 30, 32, 35].

Therefore, this study compared the clinical outcomes, 
including anterior translation of the tibia relative to the 
femur, post-TKA knee function, and patient satisfaction, 
between MP and PS implants. It was hypothesized that MP 
implants could achieve better AP stability and improve func-
tional performance.

Materials and methods

Study design

This prospective comparative study recruited patients with 
primary varus knee osteoarthritis (OA) scheduled for TKA 
between January 2019 and May 2020. This study compared 

clinical outcomes between patients who underwent TKA 
using the  EvolutionⓇ CS system (MicroPort Orthopedics 
Inc., Arlington, USA) for MP TKA and the  AttuneⓇ PS 
mobile-bearing implant (DePuy, Warsaw, Indiana, USA) for 
PS TKA. One of the two experienced surgeons used MP-
type implants, and the other used PS-type implants. Each 
surgeon identified patients suitable for surgery in the outpa-
tient clinic and performed the surgeries. Patients who did not 
provide consent: could not understand the questionnaire; had 
other types of implants or diseases, such as valgus knees, 
rheumatoid arthritis or other inflammatory diseases, or post-
traumatic OA; or had had previous knee operations were 
excluded. The investigations included preoperative radiog-
raphy (Rosenberg, lateral, axial and full frontal), full-length 
computed tomography (CT) evaluation of the lower limb, 
and preoperative 2011 Knee Society Score (KSS) evaluation 
[31, 33]. For evaluations after TKA, KSS, and AP, stabilities 
were measured using a KS measure Arthrometer (SIGMAX 
MEDICAL, Tokyo, Japan) at 6 months postoperatively, and 
KSS and Forgotten Joint Scores (FJS) were evaluated at 
1 year postoperatively [5, 25]. ROM, lower extremity mus-
cle strength, and visual analogue scale (VAS) for pain were 
assessed preoperatively and at 3 months, 6 months, and 
1 year postoperatively.

Demographic and preoperative data are listed in Table 1. 
There were no significant differences in age, height, weight, 
or body mass index between the two groups. Extension was 
significantly more restricted in the MP group than in the PS 
group, and the PS group contained significantly fewer males 
than the MP group. Moreover, preoperative KSS was similar 
between the groups.

Procedures

Cefamezin, a broad-spectrum antibiotic, was administered 
on induction, and intravenous tranexamic acid was adminis-
tered preoperatively. Prophylactic antibiotics were adminis-
tered until 24 h after surgery. All surgeries were performed 
under spinal anaesthesia with a measured resection tech-
nique. The medial parapatellar approach was used for both 
MP and PS TKA, but the trivector approach was also an 
option for PS TKA. The patella was not replaced in some 
cases. All osteophytes were resected with minimal soft-tis-
sue dissection, and the ACL and posterior cruciate ligament 
(PCL) were resected in all cases.

On preoperative 3D CT, the knee valgus angle was 
measured via the trans-epicondylar axis. Subsequently, 
an osteotomy of the distal femur was performed using an 
intramedullary rod. An osteotomy of the proximal tibia was 
also performed, using an intramedullary rod with the Akagi 
line [2] or the Whiteside line as a reference for the rota-
tion axis. The tibial axis was determined using the proximal 
tibial surface after full extension, using the distal femoral 
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anterior surface (parallel to the Whiteside line) in flexion as 
references. Subsequently, tibial osteotomy was performed 
8–10 mm from the lateral articular surface. Following oste-
otomy, the tibia was placed in extension and a spacer block 
was placed between the osteotomies to ensure the possibility 
of full extension. Subsequently, the posterior condylar angle 
was measured by preoperative CT and the rotation of the 
femoral component was determined by reflecting the angle 
of the posterior condylar axis.

The tibia was osteotomised with a 3° posterior tibial slope 
for both MP TKA and PS TKA, with the medial flexion 
gap slightly tighter than the lateral gap. The tibial compo-
nents were mobile-bearing for PS and fixed type for MP. The 
spacer thickness that permitted full extension without hyper-
extension was selected. The implant was then cemented in 
place. Subsequently, the bone marrow cavity was plugged, 
and the tibial keel insertion was cemented. Suction drains 
were not used during surgery. Postoperatively, all patients 
received a local cocktail injection for pain relief, as well as 
mechanical prophylaxis and low-dose aspirin to prevent deep 
vein thrombosis. Ambulation was initiated in the morning 

after surgery. Pain management with multimodal medication 
was continued for several weeks. The average duration of 
hospitalisation was 10 days. After discharge from the hos-
pital, outpatient rehabilitation was continued once or twice 
per week until 1 year after surgery for patients whose ROM 
was expected to improve.

Assessment of sagittal stability

At 6 months postoperatively, physiotherapists independently 
evaluated the anterior translation distance of the tibia rela-
tive to the femur with patients in the supine position at 30 
and 60° of knee flexion using the KS measure Arthrometer. 
The loads used were 89, 111, and 133 N. The examiners 
were blinded to the study design and implant type. The ante-
rior translation distance was numerically displayed on the 
digital display board of the KS measure Arthrometer. The 
anterior pull-out was measured in triplicate and the mean 
was used as the measured value. ‘Instability’ was assessed 
based on the KSS.

Image assessment

Postoperative radiography and CT were used for imaging 
evaluation. In the 3D CT scan after TKA, the frontal aspect 
of the femur was defined as the line connecting the centre of 
the femoral head and the centre of the implant with respect 
to the mechanical axis, and the axis of rotation was set based 
on the tangent line between the medial and lateral condyles 
of the femoral component. The coronal femoral component 
angle (CFA) was also measured. Rotation of the tibia was 
determined based on the frontal aspect of the femoral com-
ponent, and the mechanical axis was determined as the line 
connecting the centres of the knee–ankle joints. A frontal 
image was created, and the coronal tibial component angle 
(CTA) was measured. The hip–knee–ankle angle (HKAA) 
was obtained by subtracting 180° from the sum of the CFA 
and CTA. The posterior femoral condylar offset ratio and the 
posterior tibial slope angle were measured from lateral knee 
radiographs. The angle of rotation of the femoral component 
was measured using the CT axial image (internal rotation + , 
external rotation−).

Institutional review board study approval

This study was performed in accordance with the principles 
of the Declaration of Helsinki. The in-hospital study was 
approved by the Ethics Committee of the Nagoya Orthope-
dic Joint Replacement Clinic Ethics Committee (Date: 13 
November 2018; No. 201811001). Written informed consent 
was obtained from all participants before study initiation.

Table 1  Demographic and preoperative data

BMI body mass index, KSS Knee Society Score, MP medial pivot, PS 
posterior-stabilised, ROM range of motion, SD standard deviation, 
VAS visual analogue scale
* Chi-squared test

Variables MP (N = 70) PS (N = 51) t Test
Mean ± SD Mean ± SD P values

Age (years) 74.7 ± 6.1 74.9 ± 5.7 0.83
Sex (M:F) 19:51 5:46 0.02*
Height (cm) 155.0 ± 7.7 153.0 ± 5.4 0.10
Weight (kg) 63.1 ± 10.1 59.5 ± 9.6 0.05
BMI (kg/m2) 26.3 ± 3.7 25.4 ± 3.6 0.19
ROM
 Flexion (°) 130.8 ± 13.2 131.3 ± 15.6 0.85
 Extension (°) −7.6 ± 8.4 −4.4 ± 5.0 0.02

VAS for pain (mm) 44.2 ± 25.5 49.2 ± 29.0 0.31
KSS
 I symptoms 13.4 ± 5.6 11.8 ± 5.7 0.12
 II satisfaction 16.4 ± 6.1 17.7 ± 6.1 0.23
 III expectations 13.4 ± 4.0 13.3 ± 2.2 0.87
 IV [1] walking and standing 16.6 ± 8.0 15.6 ± 7.7 0.50
 IV [2] standard activities 17.3 ± 6.2 16.6 ± 6.2 0.55
 IV [3] advanced activities 8.4 ± 5.5 8.2 ± 5.1 0.82
 IV [4] discretionary activities 7.9 ± 4.1 7.0 ± 3.7 0.20
 IV functional activities 50.3 ± 19.4 48.1 ± 14.8 0.51
 Objective 34.7 ± 11.5 33.5 ± 11.5 0.58
 Alignment −8.5 ± 7.1 −8.6 ± 6.9 0.92
 ROM 21.2 ± 6.2 21.8 ± 7.5 0.67
 Instability 21.8 ± 5.0 20.6 ± 5.4 0.21
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Statistical analysis

Statistical analyses were performed using  SPSS® software 
(version 26.0; IBM Corp., NY, USA). Data are reported as 
means and standard deviations, and p < 0.05 was consid-
ered statistically significant. Furthermore, t tests were used 
to compare variables between the MP and PS groups. Lev-
ene’s test for equality of variance was used to determine 
significance. Pearson’s correlation coefficients between KS 
measure values or ROM and each parameter were used to 
examine correlations.

G*power version 3.1.9.7 was used to verify the sample 
size for correlation analyses. When the effect size was 0.25, 
the power was 0.804, α error probability was 0.05, and sam-
ple size was 121 for two-tailed tests. For the study data, if 
the correlation co-efficient exceeded 0.25, the sample size 
was considered to be sufficient, but if it was below 0.25, 
there was a high possibility of a beta error due to an insuf-
ficient sample size.

To assess intra-observer and inter-observer reproducibil-
ity in coronal alignment, the measurements of all patients 
were recorded twice by one examiner and once by three 
examiners on 15 knees randomly selected from the study 
group. The intraclass correlation coefficients (ICC) (1,1) and 
(2,1) were used to evaluate intra-observer and interobserver 
reproducibility, respectively, for objective assessment. The 
Landis–Koch scale [20] was used to interpret the ICC with 
the following scoring criteria: 0–0.20, slight correlation; 
0.21–0.40, fair correlation; 0.41–0.60, moderate correlation; 
0.61–0.80, substantial correlation; and 0.81–1.00, perfect 
correlation.

Results

Study cases

From January 2019 to May 2020, 92 MP and 70 PS cases 
were enrolled. Measurements of the anterior translation dis-
tance using the KS measure were attempted in all 162 cases, 
and complete data were obtained in 145 cases. Of these, 22 
cases of MP and 19 cases of PS were excluded due to data 
unavailability or lack of routine postoperative visits due to 
the coronavirus pandemic. Finally, 70 MP and 51 PS cases 
were included (Fig. 1).

Postoperative data

KS measure

KS measure values for anterior tibial translation are shown 
in Table 2. The translation distance was lower in the MP 
group than in the PS group, at both 30 and 60° of knee 

flexion. Additionally, significant differences were observed 
between the two groups for 89, 111, and 133 N at 60° of 
knee flexion.

ROM and pain VAS

The pain VAS was similar for both groups at 3 months post-
operatively; however, the MP group reported significantly 
less pain than the PS group at 6 months and 1 year postop-
eratively (Table 2).

The postoperative knee flexion and extension were similar 
between both groups at 3, 6 months, and 1 year postopera-
tively (Table 2).

KSS

Six months postoperatively, the MP group exhibited signifi-
cantly better performance in the KSS in terms of ‘Symp-
toms’, ‘Patient satisfaction’, ‘Patient expectations’, Func-
tional activities, and Functional score subscales (including 
‘Walking and standing’ and ‘Discretionary activities’), and 
the Objective knee indicator (‘Instability’). Moreover, at 
1 year postoperatively, the MP group showed significantly 
better performance in the KSS regarding ‘Symptoms’, 
‘Patient satisfaction’, ‘Patient expectations’, Functional 
activities, and Functional score subscales (including ‘Stand-
ard activities’ and ‘Advanced activities’), and the Objective 
knee indicator (‘Instability’) (Table 2).

FJS

At 6 months postoperatively, FJS2, FJS3, FJS4, FJS6, 
FJS7, FJS10, FJS11, and the overall score were sig-
nificantly better in the MP group than in the PS group. 

Assessed for eligibility
311 TKA cases

Extrusion valgus knee OA (N/A)
RA (N/A)
Traumatic knee (N/A)
Declined to participate (31)
Use of other implants
Other reasons (N/A)

Enrolled (n = 162)

MP (n = 92)

Analysed (n = 70)

PS (n = 70)

Analysed (n = 51)

Discontinued intervention (8)
Lost to follow-up (0)
Missing data (14)

Discontinued intervention (9)
Lost to follow-up (0)
Missing data (10)

Fig. 1  Study flowchart. N/A not assessed, TKA total knee arthro-
plasty, RA rheumatoid arthritis, MP medial pivot, PS posterior-stabi-
lised
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Table 2  Means and standard 
deviations of the postoperative 
results based on t tests

Individual FJS questions were answered using a 5-point scale: never = 0 points, rarely = 1 point, almost 
never = 2 points, sometimes = 3 points, and almost always = 4 points
Cases with P<0.05 are shown in bold
FJS Forgotten Joint Score, KSS Knee Society Score, MP medial pivot, PS posterior stabilized, ROM range 
of motion, SD standard deviation, VAS visual analogue scale

Variables MP (N = 70) PS (N = 51) T tests
Mean ± SD Mean ± SD P values

KS-Measure 30° of knee flexion (mm)
 89 N 4.1 ± 2.2 4.5 ± 2.3 0.35
 111 N 4.8 ± 2.5 5.4 ± 2.6 0.25
 133 N 5.5 ± 2.7 6.1 ± 2.8 0.22

KS-Measure 60° of knee flexion (mm)
 89 N 3.6 ± 1.9 4.5 ± 1.7  < 0.01
 111 N 4.1 ± 2.1 5.2 ± 1.8  < 0.01
 133 N 4.6 ± 2.3 5.8 ± 1.9  < 0.01

ROM flexion
 3 months 121.8 ± 10.5 123.6 ± 15 0.43
 6 months 124 ± 9.7 126.8 ± 8.3 0.10
 1 year 125.2 ± 9.3 128.4 ± 10.2 0.07

ROM extension
 3 months −2.9 ± 3.8 −3.6 ± 5.7 0.42
 6 months −1.5 ± 2.9 −2.9 ± 5.1 0.07
 1 year −1.1 ± 2.4 −2.4 ± 4.9 0.11

VAS for pain (mm)
 3 months 19.7 ± 19.4 22.8 ± 21.9 0.40
 6 months 12.5 ± 19.5 22.8 ± 23.8 0.01
 1 year 4.3 ± 8.5 15.6 ± 23.4  < 0.01

KSS 1 year
 I symptoms 21 ± 3.3 18.6 ± 4.9  < 0.01
 II satisfaction 29 ± 7 25.3 ± 8  < 0.01
 III expectations 10.3 ± 2.3 9.3 ± 2.6 0.02
 IV [1] walking and standing 22.9 ± 6.4 21.2 ± 7.5 0.18
 IV [2] standard activities 25.1 ± 4.4 22.6 ± 5.4  < 0.01
 IV [3] advanced activities 15.4 ± 5.8 12.5 ± 6.6 0.01
 IV [4] discretionary activities 11 ± 3.9 9.4 ± 4.6 0.04
 IV functional activities 74.5 ± 16.1 65.7 ± 19.1  < 0.01
 Alignment 24.5 ± 4.2 23.6 ± 6.9 0.39
 ROM 24.2 ± 3.4 23.9 ± 4.4 0.68
 Instability 22.6 ± 3.3 20.8 ± 3.9  < 0.01

FJS 1 year
 1 “Awareness in bed at night?” 1.1 ± 0.9 1.2 ± 1 0.43
 2 “Awareness sitting on a chair for more than 1 h?” 1.1 ± 0.9 1.6 ± 1.1 0.02
 3 “Awareness when you are walking for more than 15 min?” 1.1 ± 0.9 1.5 ± 1 0.03
 4 “Awareness taking a bath/shower?” 0.9 ± 0.8 1.2 ± 0.9 0.06
 5 “Awareness traveling in a car?” 0.9 ± 0.8 1.1 ± 0.9 0.33
 6 “Awareness climbing stairs?” 1.5 ± 1.1 2 ± 1.1 0.01
 7 “Awareness walking on uneven ground?” 1.7 ± 1.1 1.9 ± 1 0.21
 8 “Awareness when standing up from a low-sitting position?” 1.9 ± 1 2 ± 1.2 0.55
 9 “Awareness standing for long periods of time?” 1.6 ± 1 1.8 ± 1.1 0.3
 10 “Awareness doing housework or gardening?” 1.6 ± 1 1.8 ± 1.1 0.33
 11 “Awareness taking a walk/hiking?” 1.4 ± 1 1.9 ± 1.1  < 0.01
 12 “Awareness doing your favourite sport?” 1.5 ± 1.1 1.9 ± 1.1 0.06
 Total 66 ± 18.3 58.3 ± 20.4 0.03
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Moreover, at 1 year postoperatively, significant differ-
ences were noted between the groups in FJS2, FJS3, FJS6, 
FJS11, and the overall score (Table 2).

Correlations between KS measure values 
and different variables

ROM and pain VAS

The KS measure values and flexion angles were signifi-
cantly positively correlated at 3, 6 months, and 1 year 
postoperatively for all measurement criteria. However, 
there were no correlations between KS measure values 
and extension angle or pain VAS (Table 3).

KSS

At 6 months postoperatively, ‘Discretionary Activities’ 
(KSS Functional Score subscale) and KS measure values 
at 60° of knee flexion were significantly negatively cor-
related. At 1 year postoperatively, there were significant 
negative correlations between KS measure values and 
‘Walking and Standing’ (KSS Functional Score subscale) 
at 30° of knee flexion, with loads of 89, 111, and 133 N. 
There were also significant differences between KS meas-
ure values at 30° of knee flexion with loads of 89, 111, 
and 133 N, and at 60° of knee flexion with a load of 133 N 
and ‘Advanced activities’ (KSS Functional Score subscale) 
(Table 3).

Significant correlations between KSS functional activities 
and both anterior translation distance at KS measure 30° 
(133 N) and anterior translation distance at KS measure 60° 
(133 N) were also found (Figs. 2 and 3).

FJS

Six months postoperatively, significant positive correla-
tions were observed between KS measure values at 30° of 
knee flexion with loads of 89, 111, and 133 N, and at FJS9 
and FJS10. One year postoperatively, there were significant 
positive correlations between all KS measure values and the 
FJS3 and FJS4 subitems of the FJS. Similarly, significant 
positive correlations were observed between KS measure 
values at 30° of knee flexion with loads of 111 and 133 N 
and FJS9. However, significant negative correlations were 
observed between KS measure values and the overall FJS 
score at 30° of knee flexion with a 133 N load (Table 3). A 
significant correlation between FJS12 and anterior transla-
tion distance by the KS measure at 30° of knee flexion with 
a 133 N load was observed (Fig. 4).

Correlation between ROM and clinical scores 
at 1 year postoperatively

Knee extension angle was positively correlated with KSS 
parameters, including ‘Patient satisfaction’, ‘Patient expec-
tations’, ‘Walking and standing’, ‘Standard activities’ 
(Functional score subscale), and ‘ROM’ (Objective knee 
indicator) (Table 4). In contrast, the knee extension angle 
was negatively correlated with FJS subitems, including 
FJS2, FJS3, FJS7, FJS9, FJS10, FJS11, and FJS12. How-
ever, the knee extension angle was positively correlated 
with the overall FJS score (Table 4).

Furthermore, the knee flexion angle was positively 
correlated with KSS parameters, including ‘Patient sat-
isfaction’, ‘Standard activities’, ‘Advanced activities’ 
(Functional score subscales), and ‘ROM’ (Objective knee 
indicator). In contrast, the knee flexion angle was nega-
tively correlated with ‘Instability’ (KSS Objective knee 
indicator) (Table 4). ROM was positively correlated with 
FJS for extension; however, ROM was not correlated with 
FJS for flexion (Table 4).

Correlation between pain VAS and clinical scores 
at 1 year postoperatively

The pain VAS score was significantly correlated with 
several KSS parameters, including ‘Symptoms’, ‘Patient 
satisfaction’, ‘Walking and standing’, ‘Standard activi-
ties’, ‘Advanced activities’ (Functional score subscales), 
and ‘Alignment’ (Objective knee indicator) (Table 5). 
Similarly, the VAS pain score showed significant correla-
tions with all 10 FJS subitems, as well as overall FJS score 
(Table 6).

Image assessment

The ICC (1, 1) for coronal alignment on 3D CT was perfect 
(CFA, 0.99; 95% confidence interval [CI] 0.98–0.99 and 
CTA, 0.99; 95% CI 0.97–0.99). The ICC (2, 1) for coro-
nal alignment on 3D CT was also perfect, with a value of 
0.83 (95% CI 0.65–0.94). The means, standard deviations, 
and p values of the unpaired t tests for image evaluations in 
the MP and PS groups were as follows: CFA (89.5° ± 1.9° 
vs. 89° ± 1.6°, p = 0.11); CTA (89° ± 1.7° vs. 89.6° ± 1.5°, 
p = 0.095); and HKAA (−1.4° ± 2.4° vs.−1.5° ± 2.1°, 
p = 0.95). The posterior tibial slope angle was 2.4° ± 1.7° in 
the MP group and 2.8° ± 1.9° in the PS group (p = 0.21). The 
posterior femoral condylar offset ratio was 0.52 ± 0.04 in the 
MP group and 0.52 ± 0.03 in the PS group (p = 0.51). The 
rotation angle of the femoral component was −0.7° ± 1.7° in 
the MP group and −1.0° ± 1.6° in the PS group (p = 0.32).
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There were no significant differences in the imaging eval-
uation outcomes between the MP TKA and PS TKA groups 
using the unpaired t test.

Adverse events

No adverse events, including infection, venous thromboem-
bolism, fracture, revision, or death, occurred in either group. 
Moreover, there were no cases of laxity or clear zones in the 
radiographic frontal and lateral views at 1 year postopera-
tively in both groups.

Discussion

The most important finding of this study was that MP TKA 
achieved better outcomes than PS TKA, which confirmed 
the hypothesis. The MP group showed significantly less 
translation at 60° of flexion than the PS group, whereas the 
translations of the two groups were similar at 30° of flex-
ion. This finding may be attributed to the ball-and-socket 
joint design of the internal condyle of MP, which is highly 
constrained and advantageous with respect to AP stability; 
furthermore, MP compensates for both ACL and PCL func-
tions. In the PS design, in contrast, the post-cam compen-
sates for the PCL; however, its ACL compensation is weak. 
This suggests that MP TKA may be better than PS TKA for 
advanced activity, which correlates with the anterior transla-
tion distance at 60° knee flexion.

In this study, the MP group achieved better pain VAS, 
KSS, and FJS subitem scores than the PS group; differences 
in pain might also have influenced clinical scores given the 
strong correlations between VAS for pain and KSS and FJS 
[27]. The differences in the mean KSS values between the 
MP and PS groups were 2.4 for symptoms, 3.7 for satisfac-
tion, and 8 for functional activity at 1 year postoperatively, 
which were much higher than the KSS minimum clinically 
important differences (MCIDs) of 1.9 for symptoms, 2.2 for 
satisfaction, and 4.1 for functional activities [27]. In par-
ticular, PS TKA is associated with patellar clunk syndrome, 
which causes a painful and palpable clunk when the knee 
moves from flexion to extension [10]. VAS in the PS group 
was associated with walking pain at approximately 30–40° 
of knee flexion, and this was suspected to be patellar clunk 
syndrome. CS-type TKA is less likely to cause patellar clunk 
syndrome. Dynamically, MP is considered more physiologi-
cal than PS, and its movements may be associated with fewer 
symptoms, such as pain and discomfort.

Approximately 20% of patients are not satisfied after 
TKA [8]. In many TKA implant designs, the ACL is sac-
rificed, resulting in anterior instability, which may account 
for the dissatisfaction. Edelstein et al. [12] and Jones et al. 
[17] reported that sagittal stability was significantly higher C
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in the MS group than in the PS group, and the MS group 
achieved significantly better clinical scores. Specifically, 
they observed a significant difference in the sagittal plane 
translation distance under stress at 30° of flexion between 
the MS (5.6 ± 1.9 mm) and PS (10.2 ± 2.7 mm) groups; how-
ever, the sagittal plane translation distance in the PS group 
differed from that in this study. The PS movement distance 
in the present study (133 N, 6.1 mm) was smaller than that 

reported by Edelstein et al., but was similar to that reported 
by Minoda et al. [26]. Consistently, Wautier et al. also found 
significantly higher sagittal plane stability in the MP group 
than in the PS group, although clinical scores were similar 
between the two groups [35]. Additionally, Samy et al. [30] 
and Batra et al. [4] reported that the MP group achieved 
significantly better clinical scores than the PS group. None-
theless, other studies found no differences in clinical scores 

Fig. 2  2011 KSS functional 
activities and anterior transla-
tion distance at KS measure 30° 
(133 N load). With the 2011 
KSS functional activities on the 
y-axis and anterior transla-
tion distance at KS measure 
30° based on a 133-N load on 
the x-axis, the equation of the 
regression line obtained was 
y = −1.2x + 77.9. KSS Knee 
Society Score
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Fig. 3  2011 KSS functional 
activities and anterior transla-
tion distance at KS measure 
60° (133 N load). With KSS 
functional activities on the 
y-axis and anterior translation 
distance at KS measure 60° 
with a 133-N load on the x-axis, 
the equation of the regression 
line was y = −1.5x + 78.7. KSS 
Knee Society Score
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between these groups [3, 6, 11, 13, 21, 22, 32] and demon-
strated poorer clinical results with the MP-type than with 
other implant designs [18, 19]. Therefore, the impact of the 
MP design requires further investigation. This study ana-
lysed a larger number of patients than these previous studies 
and focused on varus knee OA. Importantly, MP kinetics, 
which are generally considered to be physiological, may not 
apply to valgus knee OA.

The findings of the present study suggest that knee sta-
bility at 30° of flexion was advantageous for walking and 
advanced activities, with significantly better overall FJS 
scores. Specifically, the anterior translation distance at 
30° of knee flexion (133 N) correlated more strongly with 
the FJS than the anterior translation at 60° of knee flexion 
with the same load. However, the anterior translation dis-
tance at 60° of knee flexion (133 N) was correlated with 
‘Advanced Activities’ at 1 year postoperatively. Although 
a positive correlation was identified between anterior 
translation distance and knee flexion angle, knee stabil-
ity may be prioritised over a greater flexion angle, espe-
cially considering that the knee flexion angle after TKA 
is most affected by the preoperative knee flexion angle. 
Correlations were found between KSS functional activi-
ties and the anterior translation distance at KS measure 
30° (133 N), as well as anterior translation distance at 
KS measure 60° (133 N). Differences between the KSS 
scores were calculated by fitting the minimum and maxi-
mum values of the anterior translation distance at the KS 

measure 30° (133 N) and anterior translation distance 
at KS measure 60° (133 N) to the two regression lines 
(Figs. 2, 3). These differences were 17.6 and 16.5, respec-
tively, which were much higher than the MCID of 4.1 for 
KSS functional activities [27]. In FJS12, the difference 
in FJS calculated by fitting the minimum-to-maximum 
values of the anterior translation distance at KS measure 
30° (133 N) to the regression line (Fig. 4) was 19.1, which 
was higher than the MCID of 14 [14]. This suggests that 
anterior translation after TKA influenced the perceived 
differences in performance by patients.

Ishii et al. [15] measured AP laxity during a follow-up 
of ≥ 5 years after TKA and reported that the best postop-
erative results were obtained when AP laxity was ≤ 6 mm. 
Consistently, the present study showed that a shorter 
anterior translation distance was associated with better 
postoperative function. However, AP laxity and post-
operative pain were not correlated in the present study, 
which contrasts with the findings of Matsumoto et al. [24] 
who reported that postoperative AP laxity at 60° of knee 
flexion was significantly correlated with patient-reported 
pain.

Regarding ROM, postoperative restriction of knee 
extension was correlated with poor clinical outcomes 
in walking and basic activities in the KSS and most 
FJS items; therefore, full extension should be achieved 
postoperatively. Although knee flexion angle was not 

Fig. 4  FJS-12 and anterior 
translation distance at KS 
measure 30° (133 N load) 
With FJS-12 on the y-axis 
and anterior translation by KS 
measure 30° with a 133 N load 
on the x-axis, the equation of 
the regression line obtained 
was y = −1.3x + 70.1. KSS Knee 
Society Score, FJS Forgotten 
Joint Score
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correlated with FJS, it was correlated with the KSS 
parameters ‘Patient satisfaction’, ‘Standard activities’, and 
‘Advanced activities’. Many of the KSS parameter scores 
and FJS scores were correlated with pain VAS score, sug-
gesting that residual pain after TKA directly affects sur-
gical outcome, and that identifying and improving these 
related factors should be prioritised.

This study has some limitations. First, this was not 
a randomised controlled trial, and surgeons differed 
between the comparison groups due to their preferences 
for particular implant systems. However, the two sur-
geons were equally experienced, and the surgical tech-
nique was consistent. One was the lead surgeon, while the 
other assisted, and vice versa, for the two groups; thus, 
there should not have been any major intersurgeon vari-
abilities. No significant differences were found between 
the two groups in alignment evaluation by radiography 
or CT. Second, the evaluation of the anterior translation 
distance was not performed with loading. In MP, weight 
loading may increase the stability of the ball joint of the 
condyle, which may be more advantageous to AP stabil-
ity under loading. Third, sex and preoperative extension 
angle differed significantly between groups. Preoperative 
extension was significantly more restricted in the MP 
group; however, it was similar in the groups postopera-
tively. Therefore, extension may not have affected clini-
cal outcomes. Although there were fewer men in the PS 
group than in the MP group, women achieved at least 
the same level of functional improvement as men [28]. 
Furthermore, because the preoperative scores were simi-
lar, it is unlikely that sex differences affected the clini-
cal results in the comparisons. Finally, the study only 
reported short-term findings. Cacciola et al. [9] reported 
that the mean 8-year survival rate for MP TKA was 
97.6%, which was comparable to those of other standard 
implants. Bordini et al. [7] reported that the 10-year sur-
vival rate for MP TKA was 96.3%, which was comparable 
to other cemented TKA systems. However, another regis-
try reported lower survival rates for MP, suggesting that 
careful follow-up is required [29].

Conclusions

In TKA for varus knee OA, MP TKA significantly improved 
postoperative function and pain compared with PS TKA. 
Since anterior translation distance and postoperative pain 
were not correlated, factors other than implant design 
and unrelated to AP stability might be responsible for the 
reduced pain in MP TKA compared with that in PS TKA.
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