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Abstract 

Background Kinematic patterns after TKA can vary 

considerably from those of the native knee. It is unknown, 

however, if there is a relationship between a given 

kinematic pattern and patient satisfaction after TKA. 

Questions/purposes Is there an association between 

kinematic patterns as measured by AP translation during 

open kinetic chain flexion-extension and closed kinetic 

chain exercises (rising from a chair and squatting) and a 

custom aggregate of patient-reported outcome measures 

(PROMs) that targeted symptoms, pain, activities of daily 

living (ADL), sports, quality of life (QOL), and patient 

satisfaction after TKA? 
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Methods Thirty patients who underwent TKA between 

2014 and 2016 were tested at a minimum follow-up of 6 

months. As three different implants were used, per implant 

the first 10 patients who presented themselves at the 

follow-up consultations and were able to bend the knee at 

least 90°, were recruited. Tibiofemoral kinematics during 

an open kinetic chain flexion-extension and closed kinetic 

chain exercises—rising from a chair and squatting—were 

analyzed using fluoroscopy. A twostep cluster analysis 

was performed, resulting in two clusters of patients who 
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answered the Knee Injury and Osteoarthritis Outcome 

Score and the satisfaction subscore of the Knee Society 

Score questionnaires. Cluster 1 (CL1) consisted of 

patients with better (good-toexcellent) patient-reported 

outcome measures scores (high-PROMs cluster); Cluster 

2 (CL2) consisted of patients with poorer scores (low-

PROMs cluster). Tibiofemoral kinematics were compared 

between patients in these clusters by performing a Mann-

Whitney U test with Bonferroni correction. 

Results Concerning open kinetic chain flexion-extension, 

there was no difference in kinematic patterns between the 

patients in the high-PROMs cluster and those in the 

lowPROMs cluster, with the numbers available. However, 

during the closed-chain kinetic exercises, medially, initial 

anterior translation (femur relative to tibia) was found in 

patients in Cluster 1 during early flexion, but in those in 

Cluster 2, translation was steeper and ran more anteriorly 

(CL1 -1.5 6 7.3%; CL2 -8.5 6 4.4%); mean difference 

7.0% [95% CI 0.1 to 13.8]; p = 0.046). In midflexion, the 

femur did not translate anterior nor posterior in relation to 

the tibia, resulting in a stable medial compartment in 

Cluster 1, whereas Cluster 2 had already started translating 

posteriorly (CL1 -0.7 6 3.5%; CL2 3.4 6 3.6%; mean 

difference -4.1% [95% CI -7.0 to -1.2]; p = 0.008). There 

was no difference, with the numbers available, between 

the two clusters with respect to posterior translation in 

deep flexion. Laterally, there was small initial anterior 

translation in early flexion, followed by posterior 

translation in midflexion that continued in deep flexion. 

Patients in Cluster 1 demonstrated more pronounced 

posterior translation in deep flexion laterally than patients 

in Cluster 2 did (CL1 8.3 6 5.2%; CL2 3.5 6 4.5%); mean 

difference 4.9% [95% CI 0.6 to 9.1]; p = 0.026). 

Conclusions This study of total knee kinematics suggests 

that during closed kinetic chain movements, patients with 

poor PROM scores after TKA experience more anterior 

translation on the medial side followed by a medial 

midflexion instability and less posterior translation on the 

lateral side in deep flexion than patients with good PROM 

scores. The relationship of kinematic variations with 

patient-reported outcomes including satisfaction must be 

further elaborated and translated into TKA design and 

position. Reproduction of optimal kinematic patterns 

during TKA could be instrumental in improving patient 

satisfaction after total knee replacement. Future expansion 

of the study group is needed to confirm these findings. 

Level of Evidence Level II, therapeutic study. 

Introduction 

TKA decreases pain and improves function in most 

patients with severe osteoarthritis who undergo the 

procedure [2, 20, 23]. But despite the fact that most 

patients improve after surgery, a substantial proportion—

in the range of 10% to 30%—of these patients report some 

measure of dissatisfaction after TKA [6, 12, 27, 30, 39]. 

The inability to have a normal-seeming knee and 

awareness of the artificial joint in everyday life may be 

regarded as a setback in TKA for some patients [5, 36]. 

Kinematic patterns after TKA can vary considerably 

from those of the native knee. Previous kinematic studies 

have reported that during flexion, knees that have 

undergone TKA often display sudden anterior translation 

of the femur relative to the tibia, better known as 

paradoxical anterior motion [9, 10, 14, 33, 41, 46]. 

Numerous studies have examined this abnormal pattern 

[9, 10, 14, 33, 41, 46], but to our knowledge, an 

association between a given kinematic pattern and patient-

reported outcome measures (PROMs) has yet to be 

explored. 

Therefore, in this study, we asked: (1) Is there an 

association between kinematic patterns as measured by 

AP translation during open kinetic chain flexion-extension 

and closed kinetic chain exercises (rising from a chair and 

squatting) and custom aggregate of PROMs that targeted 

symptoms, pain, activities of daily living (ADL), sports, 

quality of life (QOL), and patient satisfaction after TKA? 

Patients and Methods 

We conducted a prospective, single-institution study at 

Ghent University Hospital, Belgium, to evaluate the 

influence of total knee kinematics on PROMs. We 

obtained institutional ethics committee approval, and all 

patients participating in this study provided informed 

consent. Thirty patients (20 women and 10 men) who 

underwent TKA between 2014 and 2016 and who were at 

least 

6 months postoperative were recruited and participated in 

this study. As three different implants are used in our 

group, per implant, the first 10 patients who presented 

themselves at the follow-up consultation and who were 

able to bend their knee at least 90° were recruited. The 

patients had a mean age of 64 6 9 years and a mean BMI 

of 27 6 5 kg/m2. The diagnosis was osteoarthritis in all 

patients, and the procedures were performed by four 

senior surgeons (JV, NA, GVD, PD) using a similar 

standardized, adapted, measured resection technique as 
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published earlier [21]. Three different posterior-stabilized 

TKA designs were used in this study: the Journey
™ 

II Bi-

Cruciate Stabilized knee system (Smith & Nephew, 

Memphis, TN, USA), Persona® knee system (Zimmer-

Biomet, Warsaw, 
™ 

IN, USA), and the Unity knee system (Corin Ltd, 

Cirencester, UK). All patients received the same 

postoperative rehabilitation protocol for outpatient 

rehabilitation. Standard follow-up consultations were 

planned at 6 weeks, 3 months, 6 months, 12 months and 

24 months after surgery. 

Evaluation of Total Knee Kinematics 

Fluoroscopic videos of each of the patients were captured 

in the sagittal plane using a static fluoroscopy machine 

(Siemens Axiom Luminos dRF, Erlangen, Germany). 

Patients performed the following activities: for the 

open kinetic chain flexion-extension of the knee, the 

patient sat on a chair that was set at a height so his or her 

legs were off the ground. The patient was asked to extend 

and flex the knee as far as possible. For the closed kinetic 

chain exercises, patients performed weightbearing 

flexion-extension exercises in which they stood up from a 

chair with the knee initially in 90° of flexion and then sat 

down. If necessary, patients were allowed to support 

themselves by use of a handrail, though only limited 

support was allowed. Then, the patient squatted to 

maximum flexion without external support. 

The patients were asked to perform each exercise three 

times, and the best sequence was selected. The best 

sequence was defined as the best-performed exercise that 

had a clear beginning and ending (that is, that the start and 

the end of the movement was captured by the fluoroscope). 

Three flexion zones were defined: early flexion (0° to 

30°), midflexion (30° to 60°), and deep flexion (60° to 

90°). AP translations in each flexion zone were defined as 

the difference between the lowest and highest flexion 

angles. 

The fluoroscopic videos were then cropped into 

relevant frames of interest. Kinematics were analyzed 

using the fluoroscopic images with a standard 2-D to 3-D 

image registration technique (open sourcesoftware 

package Jointtrack, 

https://sourceforge.net/projects/jointtrack/, University of 

Florida, Gainesville, FL, USA). 

In this technique, computer-aided design models are 

overlaid on the fluoroscopic images based on their 

silhouette to obtain transformation matrices of the 

computeraided design models in the image space. This 

process was validated at our center and displayed errors of 

< 0.5° mm and 0.5 mm for in-plane rotations and 

translations, respectively [7]. 

Because the polyethylene tibial insert was radiolucent 

on fluoroscopic images and the implants used in this study 

were fixed-bearing, we assumed that the insert was rigidly 

connected to the tibial component. 

We defined landmarks on the femoral and tibial 

components. Then we identified bearing surfaces of the 

femoral component and fit the spheres through the medial 

and lateral condyle. The centers of these spheres 

represented the medial and lateral centers, which we used 

as the origin for the description of medial and lateral 

translations. We defined the mediolateral and distal 

proximal directions of the femoral component based on 

the implant’s geometry as the dimensions perpendicular to 

the femoral intercondylar box geometry [7]. 

For the tibia, the proximal-distal direction was derived 

from the axis perpendicular to the tibial baseplate. Point 0 

in the AP direction was defined as the posterior-most point 

of the tibial tray. 

Based on the tibial and femoral component coordinate 

systems,we subsequently defined a joint coordinate 

system in accordance with the mathematical description of 

Grood and Suntay [15]. The fixed axes were represented 

by the mediolateral axis of the femoral component and the 

proximal-distal axis of the tibial component. 

For AP translations, the relative positions of the medial 

and lateral femoral condyles were plotted on a tibial 

baseplate reference frame in terms of percentage locations 

of the AP length (0% and 100% correspond to the 

mostposterior and most-anterior locations, respectively) 

(Fig. 1). 

Duringallthreemovements(openchainflexion/extension

, closed chain chair rising and squat), the knee passes the 

same flexion angle twice. Therefore, we calculated the 

average of the flexion and extension phases. 

https://sourceforge.net/projects/jointtrack/
https://sourceforge.net/projects/jointtrack/
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Fig. 1 The AP dimension of the tibial insert is shown; 0% and 

100% correspond to the most-posterior and most-anterior 

locations, respectively. 

Evaluation of PROMs 

We used two PROM tools. The Knee Injury and 

Osteoarthritis Outcome Score [31] consists of 42 knee-

related items, and each item is scored from 0 to 4. Five 

subscales of symptoms, pain, activities of daily living, 

sports, and quality of life were evaluated. A normalized 

score (100 indicating no symptoms and 0 indicating 

extreme symptoms) was calculated for each subscale. The 

2011 Knee Society Score [28] consists of 34 questions 

divided into five subscales, which are rated separately; we 

used only the Satisfaction subscale (five items; 40 points) 

in this study. The higher the score, the better the 

satisfaction. Dutch translations of both scales have been 

validated for use in Dutch-speaking countries or regions 

including Flanders, where this study was conducted [8, 

38]. 

To create a single differentiator, we grouped the 

patients into two clusters based on the PROM scores: 

Cluster 1 (CL1) consisted of patients (n = 21) with good-

to-excellent PROM scores and Cluster 2 (CL2) consisted 

of patients (n = 9) with low-to-medium PROM scores 

(based on a cluster analysis and silhouette coefficient of 

0.6, see below). 

With the numbers available, there were no differences 

in age or gender between patients in the two clusters 

(Table 1). The BMI of patients in Cluster 1 was higher 

than that ofpatients inCluster 2 (CL1: 30 6 5 kg/m2; CL2: 

25 6 4 kg/m2), mean difference 4 [95% CI 0.60 to 7.74]; p 

= 0.024). When we compared the Knee Injury and 

Osteoarthritis Outcome Score and Knee Society Score 

subscales between the clusters, we found that patients in 

Cluster 1 had higher scores for all subscales than patients 

in Cluster 2 (Table 2). Therefore, for interpretation 

purposes, Cluster 1 was called the “high-PROMs cluster” 

and Cluster 2 was called the “low-PROMs cluster.” 

p values represent differences between Clusters 1 and 2. 

Statistical Analysis 

We performed the statistical analysis by using SAS 9.4 

(SAS Institute Inc, Cary, NC, USA) and SPSS version 22 

(IBM Corp, Armonk, NY, USA), with a 95% CI (a = 

0.05). 

We applied a uniform cluster method using an 

agglomerative two-step cluster analysis of the subscales of 

the Knee Injury and Osteoarthritis Outcome Score (Pain, 

Symptoms, Activities of Daily Life, Sports, and Quality of 

Life) and Knee Society Score (Satisfaction). The overall 

goodness-offit of the clusters was evaluated using the 

silhouette coefficient. A silhouette measure oflessthan 0.2 

was classified as poor solution quality, between 0.2 and 

0.5 as fair, and more than 0.5 as good; a good solution 

Table 1. Cluster-specific demographics 

Variable Cluster Mean SD Minimum Maximum p value 

Age (years) 1 66 8 54 86 0.550 

 2 64 9 52 76  

BMI (kg/m2) 1 30 5 21 37 0.024 

 2 25 4 20 32  

Gender, women/men (%) 1 62 (38)    0.398 

 2 78 (22)     
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quality (0.6) was found in this study [32]. No power 

analysis was performed due to the lack of similar studies 

and the inability to predict how many patients will end up 

in each cluster. 

After defining the clusters, we used Mann-Whitney U 

tests to compare between-group differences. To evaluate 

within-group differences, we constructed a mixed-effect 

model to evaluate the values of interest (difference in the 

AP position between movements and between certain 

flexion angles). A Bonferroni correction was applied for 

all tests. A chi-square test was used to compare categorical 

variables. 

Table 2. PROMs per cluster 

When evaluating the kinematics of the chair-rising 

exercise and the squatting movement, we found no 

difference in kinematics within the evaluated flexion 

range. Therefore, these movements were combined and 

reported as closed kinetic chain movements (Table 3). 

Results 

Open Kinetic Chain Movements 

With the numbers available, we found that during open 

kinetic chain movements, there was no difference in 

kinematic patterns between the high-PROMs and 

lowPROMs clusters at each of the three flexion ranges for 

either the medial (Table 4) or lateral side (Table 5). Both 

clusters followed a similar pattern (Fig 2A-D). 

Closed Kinetic Chain Movements 

From 0° to 30° of flexion, greater medial anterior 

translation was found in the low-PROMs cluster during 

the closed kinetic chain exercises than in the high-PROMs 

cluster (CL1 -1.5 6 7.3; CL2 -8.5 6 4.4); mean difference 

PROM Cluster 1 (n = 21),mean 6 SD Cluster 2 (n = 9), mean 6 SD Mean difference (95% CI) p value 

KOOS Paina 93 6 7 60 6 7 32 (19 to 46) < 0.001 

KOOS Symptoms 85 6 10 63 6 20 22 (11 to 33) < 0.001 

KOOS ADL 91 6 7 66 6 13 26 (18 to 33) < 0.001 

KOOS Sports 66 6 23 33 6 23 33 (15 to 52) < 0.001 

KOOS QOL 81 6 16 51 6 19 30 (17 to 44) < 0.001 

KSS Symptomsb 21 6 5 15 6 5 5 (1 to 9) < 0.001 

KSS Satisfaction 36 6 5 22 6 7 14 (10 to 19) < 0.001 

KSS Expectations 11 6 2 8 6 2 3 (1 to 5) < 0.001 

KSS Function 75 6 17 47 6 13 28 (11 to 45) < 0.001 

p values represent differences between Clusters 1 and 2. 
a 
KOOS subscale scores have a maximum of 100 points. 

b The maximum scores for the KSS are 25 for Symptoms, 40 for Satisfaction, 15 for Expectations, and 100 for Function. KOOS = Knee 

Injury and Osteoarthritis Outcome Score; ADL= activities of daily living; QOL = Quality of Life; KSS = Knee Society score. 

Table 3. Differences (percentage points) in AP translation during early (0° to 30°), mid (30° to 60°) and deep flexion (60° to 90°) 

between the chair rising and the squatting exercise 

Compartment 

Flexion 

range (°) 

Mean translation 

CH 6 SD 

Mean translation 

SQ 6 SD 

Mean difference between open kinetic 

chain movements (95% CI) p value 

Medial 0 to 30 -3.4 6 6.9 -3.0 6 6.4 0.6 (-2.8 to 3.9) 0.724 

 30 to 60 0.6 6 3.9 0.9 6 3.1 -0.3 (-1.6 to 1.0) 0.611 

 60 to 90 7.5 6 2.4 8.8 6 3.6 -1.3 (-4.0 to 1.5) 0.333 

Lateral 0 to 30 -0.7 6 9.0 -1.5 6 7.7 0.9 (-2.6 to 4.3) 0.593 

 30 to 60 3.5 6 4.0 3.4 6 4.0 0.1 (-1.6 to 1.8) 0.884 
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 60 to 90 8.6 6 4.6 9.6 6 4.4 -0.9 (-4.1 to 2.3) 0.523 

CH = closed kinetic chain chair rising exercise; SQ = closed kinetic chain squatting exercise. 

7.0 [95% CI 0.1 to 13.8]; p = 0.046, Table 4). From 30° to 

60° of flexion, there was a stable medial compartment in 

patients in the high-PROMs cluster, hence almost no 

translation, whereas there was posterior translation in 

patients in the low-PROMs cluster (CL1 -0.7 6 3.5; CL2 

3.4 6 3.6; mean difference -4.1 [95% CI -7.0 to -1.2]; p = 

0.008) (Table 4). From 60° to 90° of flexion, the 

highPROMs cluster had more pronounced posterior 

translation laterally than the low-PROMs cluster (CL1 8.3 

6 5.2; CL2 3.5 6 4.5; mean difference 4.9 [95% CI 0.6 to 

9.1]; p = 0.026) (Table 5). 

Discussion 

Although numerous studies have investigated the 

kinematic patterns of the knee before and after TKA [4, 9–

11, 14, 19, 22, 25, 33, 41, 46], to our knowledge none has 

evaluated the relationship between patient-reported 

outcomes and total knee kinematics. Therefore, this study 

sought to determine if there is an association between in 

vivo kinematics during open and closed kinetic chain 

movements in patients who underwent TKA and PROM 

subscales of symptoms, pain, activities of daily living, 

sports, quality of life, and patient satisfaction. We did not 

find an association between open kinetic chain kinematics 

and these PROM subscales; however, only one type of 

open kinetic chain movement was evaluated. Conversely, 

during closed kinetic chain movements, patients with poor 

PROM scores had a more pronounced anterior motion 

medially followed by a less stable medial compartment in 

midflexion and less posterior translation in deep flexion 

laterally during than patients with better PROM scores. 

This study has some limitations. First, the numbers of 

surgeons and implants are possible confounders. As there 

are differences reported in kinematic patterns between 

different implants and surgeons [9, 41], this should be 

further evaluated. Unfortunately, in the current study, the 

number of patients with each implant type was too small 

to determine if implant type or surgeon affects the 

kinematic pattern. Also, other possible influencing factors 

such as implant alignment and coronal stability were not 

included in the evaluation; further analyses will be 

conducted to determine the influence of these factors. 

Although there were differences between patients in the 

clusters, the number of patients in the study was small, and 

more substantial comparisons might be drawn from larger 

patient groups. However, the nature of these intensive 

studies generally leads to study groups that are relatively 

small. The sizes of the groups in this study are comparable 

to those of other published studies using similar methods 

[10, 12, 13, 47]. 

Another remark should be made for a better 

understanding of the effect size of the presented data. It 

was 

Table 4. Differences (percentage points) in medial translation during early (0° to 30°), mid (30° to 60°) and deep flexion (60° to 90°) 

between clusters 1 and 2 for open and closed kinetic chain movements 

Movement 

Flexion range 

(°) 

Mean translation 

Cluster 1 6 SD 

Mean translation 

Cluster 2 6 SD 

Mean difference between 

clusters (95% CI) 
p value 

Open kinetic chain 0 to 30 -9.5 6 6.2 -10.4 6 3.0 0.9 (-3.3 to 5.1) 0.655 

 30 to 60 -1.0 6 4.0 0.7 6 4.3 -1.6 (-5.0 to 1.7) 0.324 

 60 to 90 10.4 6 3.6 8.3 6 4.9 2.2 (-1.2 to 5.5) 0.198 

Closed kinetic chain 0 to 30 -1.5 6 7.3 -8.5 6 4.4 7.0 (0.1 to 13.8) 0.046 

 30 to 60 -0.7 6 3.5 3.4 6 3.6 -4.1 (-7.0 to -1.2) 0.008 

 60 to 90 6.0 6 4.5 4.6 6 3.7 1.3 (-2.3 to 5.0) 0.466 

Table 5. Differences (percentage points) in lateral translation during early (0° to 30°), mid (30° to 60°) and deep flexion (60° to 90°) 

between clusters 1 and 2 for open and closed kinetic chain movements 

Movement 

Flexion 

range (°) 

Mean translation 

Cluster 1 6 SD 

Mean translation 

Cluster 2 6 SD 

Mean difference between clusters 

(95% CI) p value 
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Open kinetic chain 0 to 30 -8.7 6 6.7 -11.9 6 5.7 3.2 (-3.2 to 9.6) 0.293 

 30 to 60 2.0 6 3.9 3.4 6 4.9 -1.4 (-4.8 to 2.1) 0.416 

 60 to 90 12.0 6 3.2 11.1 6 5.2 0.9 (-2.4 to 4.2) 0.571 

Closed kinetic chain 0 to 30 0.3 6 10.1 -4.3 6 6.5 4.6 (-6.4 to 15.7) 0.381 

 30 to 60 2.6 6 3.4 5.4 6 4.5 -2.9 (-6.0 to 0.3) 0.073 

 60 to 90 8.3 6 5.2 3.5 6 4.5 4.9 (0.6 to 9.1) 0.026 

reported that a difference of 2% points and 5% points 

resulted in a difference between the two clusters. 

However, as the total AP translation ranges between a 

maximum anterior point of about 50% (center of the tibia, 

due to the post-cam engagement) and a maximum 

posterior point of about 30%, this makes that this 

translation happens on about 20% of the tibial surface. In 

that way, this difference of5%pointsand2%pointsmeans 

thatthis isactually about 25% and 10% difference on the 

total AP translation. The use of a uniform cluster method 

using an agglomerative two-step cluster analysis of the 

subscales of the Knee Injury and Osteoarthritis Outcome 

Score (Pain, Symptoms, Activities of Daily Life, Sports, 

and Quality of Life) and Knee Society Score (Satisfaction) 

is something that is not yet commonly used in the 

orthopaedic evidence. However, this analysis method 

makes it straightforward to compare two (or more) groups 

of individuals that are more similar to each other than to 

patients in the other cluster without the need for hard cut-

off points [29, 40]. 

Another limitation was that although there was a 

difference in BMI between patients in the two clusters, 

and patients with good-to-excellent PROM scores had a 

higher BMI than those with poorer scores, the study 

design did not allow us to make conclusions regarding the 

clinical relevance of this finding. Patients in both groups 

had a mean BMI between 25 and 30 kg/m2, which means 

they both can be classified in the overweight category. 

Furthermore, to our knowledge, no published studies have 

evaluated the influence of BMI on patient satisfaction or 

kinematic patterns. Lastly, the postoperative testing 

 

Fig. 2 A-D This graph shows the AP position of each flexion angle for (A) the medial compartment during the open kinetic chain 

movement, (B) the medial compartment during the closed kinetic chain movements, (C) the lateral compartment during the open 

kinetic chain movment and (D) the lateral compartment during the closed kinetic chain movements. The solid lines represent the 

high-PROMs cluster, dotted lines represent the low-PROMs cluster. 
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occurred during a relatively short period; however, 

published studies have shown that 6 months is a sufficient 

amount of time for postoperative recovery [14, 46]. 

Furthermore, studies conducted on implants at various 

timepoints after surgery have shown that in vivo 

kinematics do not change with time, especially during 

longer postoperative periods [19, 47]. 

When evaluating open kinetic chain movement, we did 

not see a difference in kinematic patterns between patients 

in the high-PROMs cluster and those in the low-PROMs 

cluster. However, there was a difference in kinematic 

patterns between open- and closed-kinetic chain 

movements. This implies that muscular activity and 

weightbearing conditions may be associated with the 

kinetic and kinematic patterns of the knee. This is in 

accordance with the findings of Horiuchi et al. [17] and 

Yoshiya et al. [44]. However, Zambianchi et al. [45] 

recently demonstrated that open- and closed-chain 

exercises do not show a different kinematic pattern. The 

authors attributed this to a design feature of their 

investigated total knee implant, implying that implant 

design strongly influences open kinetic chain movements. 

Given that there was no difference in kinematic patterns 

during the open-chain exercises between patients inthe 

two clusters in the current study and that our results are 

inconsistent with those of previous studies, our findings 

suggest that open-chain movements may not be as closely 

associated with patient-reported outcomes. This could 

possibly be due to the fact that most of our activities of 

daily living occur during weightbearing, closed kinetic 

chain, conditions. 

In closed kinetic chain, weightbearing movements, the 

femur was locatedmoreanteriorlyrelativetothe tibia during 

complete ROM in patients with low-PROM scores than in 

patients with high-PROM scores. Biomechanically, a 

moreanteriorly located femur leads to decreased lever arm 

mechanisms for knee extension. Because patients who 

undergo TKA have diminished quadriceps force [1, 13, 

24, 35, 43], a decreased lever arm leads to reduced 

quadriceps efficiency. According to Furu et al. [13], there 

is a close relationship among quadriceps strength, physical 

function, and patient satisfaction, and we must 

acknowledge that reduced quadriceps efficiency may be 

associated with decreased PROM scores. Secondly, there 

was steeper and more pronounced paradoxical anterior 

motion on the medial sideinpatientsinthelow-

PROMsclustersthaninpatientsin the high-PROMs cluster. 

Although patients in both clusters had initial anterior 

translation, which is also found in the native knee, this was 

more pronounced and ran more anterior in patients with 

poor-PROM scores than in patients with high-PROM 

scores. 

Subsequently, in midflexion, patients in the lowPROMs 

cluster demonstrated sudden posterior translation, 

whereas the cluster of patients with high-PROMs scores 

had almost no change and a stable medial compartment in 

midflexion. Sudden posterior translation might be caused 

by abrupt post-cam engagement, but further research 

should confirm this assumption. Because larger translation 

is seen during midflexion, this might be linked to 

midflexion instability. Instability was the third-leading 

cause of revision TKA in several studies [7, 18, 37]. 

Because the number of revision procedures is growing, 

reasons for revision such as instability demand greater 

attention from the orthopaedic community. Because 

satisfactory improvement in patient-reported outcomes 

was noted after revision surgery for instability and 70% of 

patients in one study reported perceptible improvement 

[18], a relationship between stability and satisfaction is not 

surprising. Future studies could evaluate preoperative 

stability at different flexion angles and determine if there 

is a correlation with the postoperative kinematic pattern. 

Patients in the high-PROMs cluster had posterior 

translation greater than 50° to 60°. This finding can be 

explained by the engagement of the post-cam mechanism, 

which has been described to be approximately this value 

for used implants [3]. In the native knee, the posterior 

cruciate ligament is functional at greater than 50° of 

flexion, which forces the femoral condyles to run 

posteriorly [37]. Our findings support the thinking that 

patients whose knees mimic this native-knee kinematic 

rollback pattern on the medial side appear to have higher 

PROM scores than patients whose knees do not exhibit 

this pattern. 

Lastly, there was more pronounced posterior 

translation in the lateral compartment in patients in the 

high-PROMs cluster than in patients in the low-PROMs 

cluster. In the native knee, posterior femoral rollback 

during knee bending occurs regularly [16, 42]. Implant 

kinematics that mimic those of the normal knee might 

induce an improved quadriceps lever arm in deep flexion 

that allows for better function. More-posterior femoral 

rollback delays posterior impingement between the femur 

and posterior aspect of the tibial component, allowing 

increased knee flexion to occur [9]. 

Although understanding kinematics is important, our 

knowledge of the correlation between kinematics and 

patient satisfaction is still in its infancy. The few studies 

that have addressed this topic evaluated the intraoperative 

kinematics of the knees of patients under anesthesia and 

during passive motion and incomplete closure during 
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arthrotomy [26, 42]. This might be the cause of the 

inconsistent results. One of these studies [28] found that 

functional activities, knee flexion angle, and patient 

satisfaction were better in patients with a medial pivot 

pattern. Another study [42] stated that a medial pivot 

pattern may not be a substantial indicator of clinical 

success. With our study of total knee kinematics, we have 

demonstrated that during the closed kinetic chain 

movements, patients with low PROM scores after TKA 

experience more pronounced anterior motion on the 

medial side followed by a medial mid-flexion instability 

and less posterior translation on the lateral side in deep 

flexion than patients with high PROM scores. The 

relationship of kinematic variations with patient-reported 

outcomes including satisfaction needs to be further 

elaborated and translated into TKA design and position. 

Reproduction of optimal kinematic patterns during TKA 

could be instrumental in improving patient satisfaction. 
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