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Abstract

Background
In bicruciate-stabilized total knee arthroplasty (BCS-TKA), the relationship between the postoperative
kinematics and sports subscales in patient-reported outcome measures (PROMs) remains unknown. The
purpose of this study was to determine the relationship between kinematics and sports subscales using
the PROMs after BCS-TKA.

Methods
Sixty-one patients with severe knee osteoarthritis were examined at 13.5 ± 7.8 months after BCS-TKA. The
patients performed squattings under single �uoroscopic surveillance in the sagittal plane. Range of
motion of the knee, axial rotation of the femur relative to the tibial component, and anteroposterior (AP)
translation of the medial and lateral femorotibial contact points were measured using a 2D-to-3D
registration technique. In addition, the relationship between the kinematics and improvement of the
sports subscales in the Knee Injury and Osteoarthritis Outcome Score (KOOS) was evaluated.

Results
In rotation angle, the femoral external rotation was observed from 0–50° of �exion. The amount of
femoral external rotation did not correlate with PROMs-SP. In medial AP translation, posterior translation
was observed from 0–20° and 80–110° of �exion. The mild anterior translation was observed from 20–
80° of �exion. Beyond 80° of �exion, posterior translation was positively correlated with squatting. In
lateral AP translation, posterior translation was observed from 0–20° and 80–110° of �exion. Beyond 80°
of �exion, posterior translation was positively correlated with running, jumping, twisting/pivoting, and
kneeling.

Conclusion
Femoral rollback at high �exion during squatting is related to the improvement in sports activities after
BCS-TKA.

Background
In bicruciate-stabilized total knee arthroplasty (BCS-TKA), the anterior and posterior cruciate ligaments
are substituted, wherein the anatomical implant surface provides physiological kinematics [1]. The
Journey II BCS (Smith & Nephew, Memphis, TN, USA) is redesigned to reduce an iliotibial band traction
syndrome [2]. In addition, BCS-TKA provides su�cient outcomes in activities of daily living (ADL) [1, 3, 4].
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Recently, with the improvements in ADL after BCS-TKA, patients have been expected to participate in
sports activities. In the Knee Society survey, the number of sports activities allowed after TKA has
increased [5]. Furthermore, several studies reported that the return to sports or implant survivorship after
TKA is favourable [6–8]. In contrast, Huch et al. reported that the prevalence of postoperative athletic
activity was higher in the hip replacement group than in the knee replacement group due to greater pain
relief in the hip replacement group [5, 9]. Additionally, Mont et al. reported that the failure rate was higher
in the younger and highly active patients [8].

High-�exion activities, such as exercising and gardening, have recently been classi�ed as ADL. Thus,
many patients who undergo TKA are expected to perform high-�exion activities. However, it is di�cult for
the patients to squat, also the limited range of motion (ROM) is negatively correlated with patient
expectations [10]. Moreover, Matsushita et al. demonstrated that the improvement in ADL was related to a
high satisfaction or expectation to be able to perform sports activities [11]. Therefore, the evaluation of
patients’ ability to perform high-�exion activities is important.

Several studies have demonstrated that the postoperative knee kinematics was related to the patient-
reported outcome measures (PROMs) [12–14]. Van Onsem et al. reported that the high PROM group had
more pronounced posterior translation laterally from 60° to 90° of �exion than the low PROM group [15].
However, the relationship between the postoperative kinematics and sports subscales in PROMs remains
unknown.

The objective of the current study is to clarify the relationship between kinematics and sports subscales
during high-�exion activities based on the PROMs after BCS-TKA. This study hypothesised that posterior
translation with �exion was related to the improvement of PROMs concerning sports (PROMs-SP) after
BCS-TKA.

Methods
Sixty-one knees with severe medial osteoarthritis that underwent BCS-TKA were examined. Patients who
could perform squatting safely at a natural pace after surgery were examined under single �uoroscopy
surveillance in the sagittal plane according to the previously described method [14].

To estimate the spatial position and orientation of the femoral and tibial components, a 2D-to-3D
registration technique was used [16, 17]. The margin of error of the estimated relative motion between the
femoral and tibial components is ≤ 0.5° for rotation and ≤ 0.4° for translation [16]. The following
variables were evaluated: knee �exion, axial rotation of the femoral component relative to the tibial
component, and anteroposterior (AP) translation of the medial and lateral femorotibial contact points. A
local coordinate system at the femoral component was constructed according to previously described
methods [16, 18]. Flexion and femoral external rotation were denoted as positive values. Positive or
negative values of AP translation were de�ned as anterior or posterior to the axes of the tibial component,
respectively. The femorotibial contact point was de�ned as the region in which the proximity of the
component surfaces was less than 0.5-mm [14]. All data are expressed as means ± standard deviations.
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The Knee Injury and Osteoarthritis Outcome Scores (KOOS) [19] were taken preoperatively (within 1
month) and postoperatively (at the �uoroscopic analyses) as part of PROMs. In addition, the relationship
between the kinematics and the improvement of PROMs-SP was evaluated.

All patients provided written informed consent for participation. This study was approved by the
concerned institutional review board. In addition, all methods were performed in accordance with the
relevant guidelines and regulations.

Statistical Analyses
To analyse the data, SPSS version 25 (IBM Corp., Armonk, NY, USA), was used. Two-way analysis of
variance (ANOVA) and post hoc pairwise comparisons (Bonferroni test) was used to evaluate the axial
rotation and AP translation. A paired t-test was used to evaluate the improvement in PROMs-SP. The
Spearman rank correlation coe�cient was used to evaluate the correlation between kinematics and
PROMs-SP. The level of statistical signi�cance was set at p < 0.05. A power analysis was performed with
G*Power [20] using an α error of 0.05, and a 1 − β error of 0.80 to compare the means between the two
groups; a sample of 44 knees was found to be su�cient for this study.

Results
Fluoroscopic analyses were performed 13.5±7.8 months after surgery. At the time of analysis, the mean
age of the patients was 74.8±7.2 years, the mean height was 155.0±7.8 cm, and the mean body weight
was 64.6±10.6 kg. Of the 61 knees included in the analysis, 9 belonged to males and 52 belonged to
females.

Flexion angle and rotation angle

The knees were gradually �exed from −2.9 ± 6.4° to 109.5 ± 13.34°. In the rotation angle, the femoral
component displayed an external rotation angle of 3.2 ± 3.1° relative to the tibial component from 0° to
50° of �exion. Beyond 50° of �exion, there was no signi�cant movement (Fig. 1).

AP translation

At the medial contact point, the femoral component showed 3.9 ± 2.0 mm of posterior movements from
0°–20° of �exion, followed by 1.8 ± 2.4 mm of anterior movements up to 80° of �exion. Beyond 80° of
�exion, the femoral component showed 2.8 ± 1.4 mm posterior movements (Fig. 2).

At the lateral contact point, the femoral component showed 7.7 ± 2.8 mm of posterior movement from 0°
–20° of �exion with no signi�cant movement up to 80° of �exion. Beyond 80° of �exion, a posterior
movement of 3.5 ± 1.8 mm was observed (Fig. 3).

The improvement of PROMs-SP 
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As summarised in Table 1, all function, sports, and recreational activities subscales in the KOOS
improved postoperatively (p<0.01).

Table 1. The improvement of patient-reported outcome measures concerning sports (PROMs-SP)

KOOS (Function, sports and recreational activities) Preoperative Postoperative Improvement

Squatting 5.0±5.5 11.3±6.6 6.3±7.4

Running 2.6±3.7 9.1±6.2 6.5±6.4

Jumping 2.5±3.6 8.9±6.1 6.4±6.4

Twisting/pivoting 5.6±4.8 13.9±6.3 8.4±7.5

Kneeling 5.0±4.7 11.2±6.2 6.2±6.6

 

Correlation between the kinematics and PROMs-SP

In the rotation angle, femoral external rotation was observed from 0°-50° of �exion. The amount of
femoral external rotation did not correlate with PROMs-SP (Table 2).

Table 2. The correlation between rotation and patient-reported outcome measures concerning sports
(PROMs-SP)

Flexion angle KOOS (Function, sports and recreational activities)

 Squatting Running Jumping Twisting/pivoting Kneeling

0-50° rs 0.16 0.16 0.03 0.22 0.12

p-value 0.21 0.23 0.82 0.08 0.37

 

In medial AP translation, posterior translation was observed at 0-20° and 80-110° of �exion. The mild
anterior translation was observed from 20-80° to �exion. Beyond 80° of �exion, posterior translation was
positively correlated with squatting (Table 3).

Table 3. The correlation between medial anteroposterior translation and patient-reported outcome
measures concerning sports (PROMs-SP)
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Flexion angle KOOS (Function, sports and recreational activities)

 Squatting Running Jumping Twisting/pivoting Kneeling

0-20° rs -0.04 -0.23 -0.22 -0.02 0.03

p-value 0.72 0.07 0.1 0.87 0.8

20-80° rs 0.14 0.12 0.08 -0.09 -0.07

p-value 0.27 0.33 0.52 0.48 0.57

80-110° rs 0.34 0.14 0.11 0.21 0.25

p-value 0.008 0.27 0.42 0.11 0.06

 

In lateral AP translation, posterior translation was observed from 0-20° and to 80-110° of �exion. Beyond
80° of �exion, posterior translation was positively correlated with running, jumping, twisting/pivoting, and
kneeling (Table 4). 

Table 4. The correlation between lateral anteroposterior translation and patient-reported outcome
measures concerning sports (PROMs-SP)

Flexion angle KOOS (Function, sports and recreational activities)

 Squatting Running Jumping Twisting/pivoting Kneeling

0-20° rs -0.11 -0.23 -0.19 0.06 -0.06

p-value 0.36 0.07 0.15 0.64 0.67

80-110° rs 0.16 0.42 0.3 0.34 0.28

p-value 0.23 0.001 0.02 0.009 0.03

KOOS: Knee Injury and Osteoarthritis Outcome Score

Discussion
The most important �nding of this study was that the posterior translation at high �exion was correlated
with the improvements in PROMs-SP, such as squatting, running, jumping, twisting/pivoting, and
kneeling. In normal knees, femoral posterior rollback is observed at high �exion [21, 22]. Furthermore,
Dennis et al. reported that femoral posterior movement at high �exion increased the �exion angle [23]. In
addition, another study reported that the high-PROM group showed posterior femoral movement at high
�exion [15]. These facts suggest that it is important to drive the femoral posterior movement at high
�exion, similar to normal knees, for satisfactory sports activities after TKA. Kage et al. reported that
medial and lateral AP translation did not correlate with improvements in KOOS pain, symptoms, and ADL
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[12]. Therefore, femoral posterior movement is required, especially during high �exion activities, for sports
activities. Several studies have reported that the rate of return to sports (RTS) after TKA was > 70% [7,
24–26]. The femoral rollback guiding designs or procedures may improve the RTS rate.

There was no signi�cant correlation between rotation at early �exion and PROMs-SP in the current study.
Kage et al. reported that at early �exion, femoral external rotation was positively correlated with
improvement of the KOOS pain subscale [12]. These �ndings suggest that although after TKA, femoral
external rotation and pain improves, it may be di�cult to improve high �exion activities such as sports.

In this study, we observed a mild femoral external rotation with �exion. This rotational kinematic pattern
was similar to that reported in previous studies [1, 12, 14, 27]. One of these previous studies reported that
the lower PROM group in BCS-TKA indicated excessive femoral external rotation with �exion [14]. In the
current study, the PROMs-SP improved in all subscales. Therefore, after BCS-TKA, excessive femoral
external rotation may not be needed to improve sports activities.

The AP translation in this study was similar to that in previous studies [1, 12, 14, 27]. In normal knees,
medial pivot motion was observed during early �exion [21]. In other words, no medial posterior translation
was observed during early �exion. In contrast, the knees after BCS-TKA showed medial posterior
translation during early �exion. Ishibashi et al. reported that medial posterior translation during early
�exion was due to anterior post-cam engagement [27]. To achieve normal-like kinematics, further
improvement of the post-cam mechanism might be required.

In this study, after BCS-TKA, all sports subscales improved. Vielgut et al. demonstrated that postoperative
sports ability was correlated with preoperative activity [28]. Additionally, Ho et al. demonstrated that the
RTS rate between TKA and unicompartmental knee arthroplasty did not differ under the same
preoperative patient characteristics [29]. Thus, preoperative activity may have in�uenced the
improvement of PROMs-SP.

This study had several limitations. First, in the current study, only squatting was measured. The previous
studies reported that knee kinematics differ depending on the type of activities [21, 30]. Therefore, the
kinematic effect during other activities might be different from squatting. Second, the squatting motion
was measured only one movement repetition per patient because of ethical reasons to reduce patients’ X-
ray exposure.

Conclusion
The femoral rollback at high �exion during squatting is related to the improvement of sports activities
after BCS-TKA.

List Of Abbreviations
ADL                                       activities of daily living
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ANOVA                                 analysis of variance

AP                                           anteroposterior

BCS-TKA                              bicruciate-stabilized total knee arthroplasty

DKB                                       deep knee bending

KOOS                                     Knee Injury and Osteoarthritis Outcome Score

PROMs                                  patient-reported outcome measures

PROMs-SP                            patient-reported outcome measures concerning sports

ROM                                      range of motion

RTS                                        return to sports

TKA                                       total knee arthroplasty
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Axial rotation angle

Figure 2

Medial anteroposterior translation

Figure 3

Lateral anteroposterior translation


