
burden on patients, surgeons, and healthcare 
systems2,6–9. 

While the outcomes following pTKA are well-
documented, the factors affecting outcomes following 
rTKA are less robustly supported by the literature10,11. 
As knee kinematics are one of the main drivers of 
patient satisfaction in pTKA, understanding their 
impact on outcomes in rTKA patients is mandatory 
for optimizing rTKA outcomes4,12–15.

Kinematic patterns following TKA can differ 
considerably from those of the native knee. These 
altered kinematics have been suggested as potential 
contributors for affecting outcomes following pTKA. 
In response, new TKA designs have sought to restore 
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INTRODUCTION

By 2050, the incidence of primary Total Knee 
Arthroplasty (pTKA) is projected to increase by 
143%1. This trend is driven by favorable clinical 
outcomes, the unrelenting challenge of obesity, an 
aging population, and TKA among younger and active 
patients2-5. Moreover, the incidence of revision Total 
Knee Arthroplasty (rTKA) is growing at a faster rate 
compared to pTKA, with projections indicating a 
149% increase by 2040 and a 520% rise by 2060 in 
the United States3. In contrast to pTKA, rTKA poses 
greater technical challenges and is associated with 
inferior clinical outcomes, imposing a substantial 

Introduction: While knee kinematics are well-documented in primary TKA, less is understood regarding revision 
TKA (rTKA), where altered soft tissue conditions may influence kinematics. This study aimed to investigate the 
relationship between kinematic parameters, specifically anteroposterior (AP) translation and post-cam engagement, 
and patient-reported outcome measures (PROMs) in rTKA patients.
Materials and Methods: Thirty patients who underwent rTKA between 2022 and 2024 were assessed at a minimum 
six-month follow-up. Tibiofemoral kinematics, measured as femoral AP translation relative to the tibia, were 
evaluated during open-chain flexion-extension (FE) and closed-chain exercises (sit-to-stand (STS) and a lunge) 
using fluoroscopy. Two clusters, categorized by higher and lower PROMs, were compared for AP translation and 
post-cam engagement. 
Results: In the medial compartment, the low-PROMs group exhibited a more anterior femoral position compared 
to the high-PROMs group, with statistical significance observed during mid-flexion of the STS (50.87% (SD, 
4.04) vs. 47.57% (SD, 2.75); p = 0.043) and FE exercise (51.97% (SD, 3.83) vs. 48.55% (SD, 3.62); p = 0.037). 
No significant differences were found in the lateral compartment. Post-cam engagement did not differ between the 
groups in either open- or closed-chain exercises.
Conclusions: Poorer PROM scores were associated with a more anterior femoral position in the medial compartment 
during mid-flexion of STS and FE exercises. Further research is needed to explore the relationship between 
kinematic variations and PROMs in rTKA patients.

Keywords: Revision Knee Arthroplasty, Kinematics, PROMs, Knee Arthroplasty.
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this study. Revision arthroplasty was defined as the 
removal and replacement of the femoral and/or tibial 
components. The indications for revision were defined 
based on the criteria outlined in a recent publication [5]. 
Patients who required revision due to periprosthetic 
joint infections (PJI) or periprosthetic fractures were 
excluded to reduce clinical heterogeneity, as these 
indications are associated with distinct rehabilitation 
trajectories and may substantially influence 
postoperative kinematics and PROMs. Additionally, 
only patients who received a PS or CCK implant 
from the Legion Knee System (Smith & Nephew, 
Memphis, TN, USA) were included. An overview of 
patient inclusion is provided in Figure 1.  

Eligibility for participation required patients to be 
at least six months postoperative without re-revision 
(mean 9.4 months; range, 6 to 25 months), have a 
minimum knee flexion of 90°, and maintain the ability 
to walk. No patients were excluded postoperatively 
based on insufficient range of motion or inability to 
walk. The cohort included 14 women and 16 men, 
with a mean age of 64 years (range, 49 to 82) and a 
mean body mass index (BMI) of 29.8 kg/m² (range, 22 
to 38). Among the patients, 25 underwent a primary 
revision, and 5 had a re-revision. Detailed patient 
characteristics are provided in Table I. 

Procedure  

All the revision surgeries were carried out by two 
experienced orthopedic surgeons (NA, JV). Each 
patient received the Legion Revision implant, which 
is compatible with both the PS and CCK versions of 
the Genesis II polyethylene insert. The decision for 
selecting the CCK insert was based on inadequate 
stability observed after trialing the less constrained 
PS insert. Postoperatively, all patients followed the 
same rehabilitation protocol for outpatient care. 
Routine follow-up evaluations were conducted at 
six weeks, three months, six months and 12 months 
postoperatively. Kinematic analysis was performed 
once per patient, at a minimum of six months 
postoperatively.    

Kinematic analysis  

Fluoroscopic images were captured in the sagittal 
plane using a flat-panel fluoroscopy system (Siemens 
Axiom Luminos dRF, Erlangen, Germany) at 15 
frames per second. The patients participated in 
three activities, which included one open-chain and 
two closed-chain exercises. In the first closed-chain 
exercise, the patient performed a lunge movement 
with the operated leg, descending to maximal knee 

more “physiological” knee motion in an effort to 
improve clinical outcomes13,16. Additionally, evidence 
suggests that favorable outcomes are closely linked to 
specific kinematic parameters, including the avoidance 
of anterior tibial subluxation during full weight-
bearing extension, as well as the promotion of posterior 
femoral translation (predominantly on the lateral 
side) and femoral external rotation from early to mid-
flexion13,17. Recent studies have further explored the 
relationship between kinematics and Patient-Reported 
Outcome Measures (PROMs), highlighting the role 
of anteroposterior (AP) femoral translation relative 
to the tibia during both closed-chain and open-chain 
exercises12,14,18. However, all available evidence is based 
on pTKA patients. Revision TKA differs considerably 
due to distinct technical challenges, including surgical 
exposure, pre-existing stiffness, adhesions, ligamentous 
insufficiency, and compromised bone stock10. These 
factors can disrupt the surgical balancing of ligaments 
and soft tissues, affecting weight-bearing kinematics 
and rendering direct extrapolation from pTKA data to 
rTKA patients unfeasible19. 

To the best of the authors’ knowledge, no study has 
yet examined the kinematic patterns in revision TKA 
patients, particularly regarding their association with 
PROMs. This information may guide both clinicians 
and patients in informed decision-making and setting 
realistic postoperative expectations. Accordingly, the 
primary aim of this study was to explore the relationship 
between kinematic patterns in revision TKA patients, 
as measured by AP translation during both open-chain 
and closed-chain exercises, and a custom aggregate of 
PROMs targeting symptoms, pain, activities of daily 
living (ADL), quality of life (QoL), patient satisfaction, 
and general health. Since the revision prostheses in 
these cohorts were either posterior-stabilized (PS) or 
condylar constrained knee (CCK), the secondary aim 
was to evaluate whether the flexion angle at which 
post-cam engagement occurred was influenced by the 
aggregate of PROMs.

METHODOLOGY  

Study design and setting

A prospective single-center study was conducted at 
Ghent University Hospital, following institutional 
review board approval (BC-11194-AM01). Informed 
consent was obtained from all participants. 

Participants 

A total of 30 patients who received rTKA between 
January 2022 and January 2024 were included in 
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flexion, while positioning the non-operated leg on 
a lower step of a staircase (Figure 2). The second 
closed-chain exercise was the sit-to-stand (STS) test, 
where the patient began seated with the knee flexed at 
90° and stood up, ensuring that the non-operated knee 
remained positioned away from the operated knee. 
Handrail support was available during both closed-
chain exercises if needed. The open-chain exercise 
consisted of a flexion-extension (FE) movement 
performed from a seated position, with the operated 
leg moving from maximum flexion to full extension 
and back. As the knee passed the same flexion 
angle twice, the average of the two measurements 
was calculated. Each exercise was performed three 
times, and the attempt with the greatest consistency 
was chosen, defined by the clearest representation of 
both the initiation and completion of the movement, 
as captured by the fluoroscope. Kinematics were 
assessed across the full range of motion (fROM) and 
following three flexion ranges: early flexion (0° to 
30°), mid-flexion (30° to 60°), and deep flexion (60° 
to 90°). 

The relevant frames of interest were selected 
and processed using the open-source software 
package JointTrack Auto (University of Florida, 
Gainesville, FL, USA), employing a 2-D to 3-D 
image registration technique20. In this technique, 
computer-aided design models, determined by the 
size of the implant components, were overlaid onto 
the fluoroscopic images according to their silhouettes. 

This enabled the creation of transformation matrices 
for the components in the image space. This method 
was recently validated, showing errors for in-plane 
rotations from 0.37° to 1.2°, with an average of 0.73°, 
and for translations from 0.72 mm to 0.92 mm, with 
an average of 0.81 mm20.  

A joint coordinate system was established for the 
femur and tibia, following the framework of Grood 
and Suntay21,22. It was assumed that the polyethylene 
component was rigidly attached to the tibia, as it is 
nearly invisible in fluoroscopic images.   

Anteroposterior translation   

The centers of the spheres fitting the bearing surfaces 
of the femoral condyles were used as landmarks to 
define the femoral origins for translation. These two 
points were subsequently plotted in relation to a tibial 
reference frame, where 0% and 100% corresponded 
to the most posterior and anterior points of the tibia, 
respectively (Figure 3). This normalization ensured 
that the values were unaffected by tibial size.    

Post-cam engagement    

The moment of post-cam engagement was defined as 
the flexion angle at which the distance between post 
and cam became less than one millimeter.   

PROMs analysis     

Patients were evaluated by the validated Dutch 
translations of the following PROMs: Knee Injury 
and Osteoarthritis Outcome Score (KOOS)23, Knee 

 

Fig. 1 — Flowchart for patient inclusion. PJI, periprosthetic joint infection. PS, posterior-stabilized. CCK, condylar 
constrained knee.



4	

Lenka Stroobant, Hannes Vermue, Alexander Van de Cotte, Nele Arnout, Stefaan Van Onsem, Scott A. Banks, Jan Victor, Amélie Chevalier  

Society satisfaction score (KSSs)22, and EuroQol 
five-dimension five-level questionnaire (EQ-5D-
5L)24. The KOOS comprises 42 knee-related items, 
each rated on a scale from 0 to 4, and organized into 
five subscales: symptoms, pain, activities of daily 

living (ADL), sports, and quality of life (QoL). The 
scores for each subscale were standardized to a 0 
to 100 scale, where zero represents the most severe 
knee-related impairment25. The KSSs contains five 
items, each scored from 0 to 8. The total score, 

Variable Patients (n=30)
Sex    
     Men 16 (53.3)
     Women 14 (46.7)
Age (years) 
     Primary arthroplasty 57.4 ± 6.9
     Revision arthroplasty 63.6 ± 6.9
          Re-revision: first revision 58.2 ± 8.3 
BMI (kg/m²) 29.8 ± 3.9
ASA classification 
     1 6 (20)
     2 22 (73.3)
     3 2 (6.7)
     4 0 (0) 
Type of primary procedure 
     TKA 24 (80)
     UKA 5 (16.7)
     UKA + PF 1 (3.3)
Type of revision procedure 
     Primary revision 25 (83.3) 
     Re-revision 5 (16.7)
∆ Time primary – revision arthroplasty (months)
     Primary revision patients (n=25) 41 [20-95.5]
     Re-revision patients (n=5)
          Primary – first revision          14 [8.5-74]
          First – current revision  83.4 ± 62.8
Indication revision arthroplasty*  
     Aseptic loosening 10 (33.3)
     Malalignment 12 (40)
     Instability 6 (20)
     Progressive disease 1 (3.3)
     Polyethylene wear 1 (3.3)
Side 
     Left 12 (40)
     Right 18 (60)
Data are presented as mean ± SD or median [IQR], based on normality assumptions, 
for continuous variables. Categorical variables are presented as absolute number 
(percentage). BMI, body mass index. kg, kilogram. m, meter. ASA, classification of 
the American Society of Anesthesiologists. TKA, Total Knee Arthroplasty. UKA, 
Unicompartmental Knee Arthroplasty. PF, Patellofemoral prosthesis. * based on 
definitions from a previously published study (Stroobant L, Ackerman T, Vermue H, 
et al. Revision Knee Arthroplasty in a Tertiary Center: Infection Remains the Leading 
Cause for Primary Revisions, While Aseptic Loosening Led Causes for Rerevisions. 
J Arthroplasty. Published online February 19, 2025. doi:10.1016/j.arth.2025.02.045).

Table I. — Patient characteristics.
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ranging up to 40, reflects greater satisfaction with 
higher values26. The EQ-5D-5L is a widely used 
standardized assessment tool with five items that 
measures self-reported general health and generates 
a single utility value, calculated based on country-
specific coefficients24.   

To establish a single differentiator, patients were 
categorized into two clusters based on their PROM 
scores (based on a cluster analysis with a silhouette 
coefficient of 0.7, see details below). Previous 
research on the same study population found no 
significant differences in kinematics between the 
PS and CCK inserts, allowing them to be grouped 
together for the cluster analysis27. Cluster 1 (CL1) 
consisted of eight patients and Cluster 2 (CL2) of 22 

patients. No significant differences in age, gender, or 
BMI were observed between the two clusters (Table 
II). All PROM scores were significantly higher in 
CL1 than CL2 (Table II), classifying CL1 as the 
“high-PROMs group” and CL2 as the “low-PROMs 
group”.  

Data Analyses      

The sample size was determined based on a 
comparable study by Van Onsem et al. in a primary 
TKA population, which included 30 patients12. 

Statistical analyses were performed using SPSS 
(SPSS version 29, Chicago, IL, United States). 
Descriptive data are presented as means and standard 
deviations (SD) or medians and interquartile ranges 

 
Fig. 2 — Patient performing a lunge exercise while under fluoroscopic surveillance.

 
Fig. 3 — The AP dimension of the tibial insert is shown, with 0% and 100% corresponding to the most posterior and anterior 
points of the tibia, respectively. On the right, an overview of the different tibial sizes and their corresponding AP lengths is 

provided. AP, anteroposterior.
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was 58.5%, indicating a moderate likelihood of 
detecting the observed effect given the sample size. 
Nevertheless, the result was statistically significant.
   

RESULTS

Anteroposterior translation       

The anteroposterior translation for the medial and 
lateral compartment is shown in Table III and Figure 4.   

Medial compartment     

During the open-chain FE, the low-PROMs group 
demonstrated a more anterior positioning of the 
femoral component relative to the tibial reference 
frame across the entire ROM. This difference reached 
statistical significance at mid-flexion, where the 
low-PROMs group exhibited a femoral position of 
52% (SD, 3.8), compared to 48.6% (SD, 3.6) in the 
high-PROMs group (p = 0.037). However, when 
considering the entire ROM, the AP translation was 
comparable between the two groups (high-PROMs: 
14.5% (SD, 7.9); low-PROMs: 14.9% (SD, 8.8); p = 
0.912).  

In the mid-flexion range of the lunge, there was no 
significant difference in the anterior position between 
the low-PROMs group (50.1% (SD, 5)) and the high-
PROMs group (48% (SD, 4.2)) (p = 0.387). Femoral 
positioning during early flexion and deep flexion was 
comparable between both groups. 

Variables Cluster 1 (n=8) Cluster 2 (n=22) P-value
Demographics 

Age revision (years) 62.4 ± 6.6 64.1 ± 7 0.564‡
Sex  0.689*
     Male 5 (62.5) 11 (50)
     Female 3 (37.5) 11 (50)
BMI (kg/m²) 30.2 [28.6-34.9] 30.5 [26.9-31.9] 0.565†
Follow-up moment (months) 9.5 [8-14.8] 8.5 [6-10] 0.320†

PROMs 
KOOS Pain  92 ± 9 57.1 ± 16.4 <0.001‡
KOOS Symptoms 84.8 ± 11.9 60.1 ± 16 <0.001‡
KOOS ADL 97.8 [92.7-99.6] 61.8 [47.4-67.7] <0.001†
KOOS QoL 100 [73.4-100] 31.3 [23.4-45.3] <0.001†
KSS Satisfaction 40 [36.5-40] 22 [16-28.5] <0.001†
EQ-5D-5L 1 [0.9-1] 0.7 [0.6-0.8] <0.001†
Data are presented as mean ± SD or median [IQR], based on normality assumptions, for continuous variables. 
Categorical variables are presented as absolute number (percentage). BMI, body mass index. kg, kilogram. m, 
meter. PROMs, patient-reported outcome measures. KOOS, Knee Injury and Osteoarthritis Outcome Score. ADL, 
activities of daily living. QoL, quality of life. KSSs, Knee Society Score satisfaction. EQ-5D-5L, EuroQol five-
dimension five-level questionnaire. ‡, Independent Student T-Test. †, Mann-Whitney U-Test. *, Fisher’s Exact 
Test.

Table II. — Demographics and PROMs per cluster.

(IQR) for continuous variables, depending on normality 
tests (Shapiro-Wilk), and as counts (percentages) 
for categorical variables. All fluoroscopic data are 
reported as mean and SD for consistency. 

A uniform cluster method was applied, utilizing an 
agglomerative two-step cluster analysis of the KOOS 
scores (with the sports subscale excluded), KSSs, 
and EQ-5D-5L. The sports subscale was omitted 
due to the limited sports activity typically observed 
in revision TKA patients, resulting in reduced 
relevance and variability of this subscale within this 
population. Although the variables differed in scale 
and were not normalized, clustering quality was 
strong, as indicated by a silhouette coefficient of 
0.728. Group differences were analyzed using t-test 
or Mann-Whitney U tests for continuous variables, 
and Chi-square or Fisher’s exact tests for categorical 
variables. The level of significance was set at 0.05.  

Study power     

The effect size for the primary significant outcome 
(FE movement in the medial compartment during 
mid-flexion) was quantified using Cohen’s d, 
yielding a value of 0.93. A post hoc power analysis 
was performed using G*Power 3.1.9.7 (Heinrich 
Heine Universität, Düsseldorf, Germany), specifying 
a two-tailed t-test, an effect size of 0.93, an alpha 
level of 0.05, and group sizes of 8 and 22. Based 
on these parameters, the estimated statistical power 
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and high-PROMs group during both open-chain and 
closed-chain exercises (closed-chain: p = 0.110; 
open-chain: p = 0.090) (Table IV).    

  
DISCUSSION

Although numerous studies have investigated 
kinematic patterns in pTKA patients, a critical research 
gap exists in linking these patterns to PROMs, and no 
studies have yet addressed kinematics in rTKA patients. 
Given the increasing incidence of rTKA, its generally 
inferior outcomes, and the limited understanding of 
the factors influencing these outcomes, there was a 
pressing need for further exploration of kinematics 
in rTKA patients. The primary finding of this study 
demonstrated that, in the medial knee compartment, 
patients with low PROMs exhibited a more anterior 
femoral position across the entire range of motion, 

Compartment Exercise Flexion range (°) High-PROMs (%) Low-PROMs (%) Mean
difference 

P-value 

Medial   Lunge 0-30 51.1 ± 5.3 (n=4) 50.2 ± 5.1 (n= 18) 1 0.594†
30-60 48 ± 4.2 (n=6) 50 ± 5 (n=20) -2 0.387†
60-90 39.2 ± 3.6 (n=7) 39.4 ± 4.2 (n= 21) -0.2 0.435†

fROM (Extension Flexion) -25.6 ± 5.7 (n=7) -19.6 ± 8.4 (n=20) -6 0.130†

FE 0-30 47.4 ± 3.5 (n=8) 49.3 ± 4.7 (n=20) -1.9 0.318‡
30-60 48.6 ± 3.6 (n=8) 52 ± 3.8 (n=22) -3.4 0.037‡
60-90 39.1 ± 5.6 (n=8) 41.1 ± 3 (n=21) -2 0.220‡

fROM (Flexion Extension) +14.5 ± 7.9 (n=8) +14.9 ± 8.8 (n=22) 0.4 0.912‡

STS 0-30 48.6 ± 4.7 (n=8) 50.9 ± 7.2 (n=21) -2.3 0.406‡
30-60 47.6 ± 2.8 (n=8) 50.9 ± 4 (n=21) -3.3 0.043‡
60-90 39.6 ± 4.5 (n=8) 40.9 ± 4.1 (n=21) -1.3 0.466‡

fROM (Flexion Extension) +13.5 ± 5.4 (n=8) +15.1 ± 8.2 (n=21) 1.5 0.633‡

Lateral   Lunge 0-30 46.4 ± 3.6 (n=4) 47 ± 8.6 (n=18) -0.6 0.898‡
30-60 43.4 ± 3.3 (n=6) 46.2 ± 7.3 (n=20) -2.8 0.378‡
60-90 33.1 ± 1.4 (n=7) 35.1 ± 5.5 (n=21) -2 0.132‡

fROM (Extension Flexion)  -28.8 ± 4.7 (n=7) -21.6 ± 10.4 (n=21) -7.2 0.091‡

FE 0-30 48.6 ± 2.7 (n=8) 45.6 ± 4 (n=20) 3 0.063‡
30-60 46.9 ± 1.1 (n=8) 46.8 ± 5 (n=22) 0 0.992‡
60-90 33.6 ± 2.9 (n=8) 34.5 ± 5.3 (n=21) -1 0.634‡

fROM (Flexion Extension) +24.1 ± 8.9 (n=8) +20.8 ± 13.3 (n=22) -3.3 0.765† 

STS 0-30 48.5 ± 4.7 (n=8) 49.7 ± 5.9 (n=21) -1.2 0.602‡
30-60 46.2 ± 3.2 (n=8) 46.9 ± 4.7 (n=21) -0.7 0.694‡
60-90 35.6 ± 2 (n=8) 35.9 ± 5.3 (n=21) -0.3 0.866‡

fROM (Flexion Extension) +19.5 ± 8.3 (n=8) +21.3 ± 9.7 (n=21) 1.8 0.653‡
AP, anteroposterior. TKA, Total Knee Arthroplasty. PROMs, patient-reported outcome measures. FE, flexion-extension. STS, sit-to-stand. fROM, full range 
of motion (represents the difference in percentage position between the endpoint and the starting point of the exercise: a negative value represents posterior 
translation and a positive value anterior translation). °, Degrees. %, Percentage. ‡, Independent Student T-Test. †, Mann-Whitney U-Test.

Table III. — Comparison of AP translation (expressed as percentage based on the tibial reference frame) between revision TKA patients with 
high-PROMs and low-PROMs postoperatively.

The kinematic pattern during the STS exercise 
mirrored that of the FE exercise. There was a trend 
for a more anterior femoral position during the fROM 
in the low-PROMs group, but only statistically 
significant in the mid-flexion range (high-PROMs: 
47.6% (SD, 2.8); low-PROMs: 50.9% (SD, 4); p = 
0.043). The AP translation was similar between both 
groups (p = 0.633).

Lateral compartment      

No significant difference in kinematic patterns was 
observed between the high-PROMs and low-PROMs 
clusters across all three flexion ranges for the lateral 
compartment, irrespective of the exercise performed. 

Post-cam engagement       

The flexion angle at which the post-cam engagement 
occurred was not different between the low-PROMs 
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following surgery30-33. Furu et al. identified a close 
relationship between quadriceps strength, physical 
function, and patient satisfaction, suggesting that 
diminished quadriceps efficiency and strength may 
contribute to the lower PROM scores12,34. 

Posterior femoral translation reduces patello-
femoral loading35. The more anterior femoral position 
in the low-PROMs group may lead to increased 
patellofemoral loading, which is particularly relevant 
in activities like kneeling, where joint contact 
pressures can be up to 245% higher than in unloaded 
conditions35. Several authors have linked elevated 
patellofemoral pressures to onset of anterior knee 
pain35. 

It is noteworthy that the anterior femoral position in 
the medial compartment was statistically significant 
exclusively within the mid-flexion range during STS 
and FE exercises. Near full extension, the congruence 
between the tibial and femoral components primarily 
governs knee kinematics. In deeper flexion, the post 

with the most pronounced and statistically significant 
difference observed in the mid-flexion range. In 
contrast, no association was found between PROMs 
and AP translation in the lateral compartment. 

Anteroposterior translation        

Progressive femoral rollback is essential for achieving 
maximal knee flexion by reducing the risk of posterior 
hard- or soft-tissue impingement between the femur 
and the polyethylene insert17,18. Both groups in this 
study demonstrated an adequate and comparable 
posterior femoral rollback during both closed-chain 
and open-chain exercises. Nevertheless, the low-
PROMs group had a more anterior femoral position 
compared to the high-PROMs group, reducing the 
quadriceps lever arm and impairing knee extension 
efficiency by requiring a higher amount of muscle 
forces12,29. This is particularly concerning as TKA 
patients, especially those undergoing revision surgery, 
experience prolonged quadriceps strength reduction 

 

Fig. 4 — AP translation of the lateral (superior row) and medial condyles (inferior row) for 
the high-PROMs group (black) and the low-PROMs group (red), during three exercises, with 
respect to the flexion angle. The line represents the mean value, and the shaded area denotes 
the 95% confidence interval. AP translation is expressed as a percentage based on the tibial 
reference frame. An asterisk (*) indicates statistically significant differences between groups. 

PROMs, patient-reported outcome measures. %, Percentage. °, Degrees. 

Exercise High-PROMs (°) Low-PROMs (°) P-value
Closed-Chain  52.8 ± 9.8 (n=8) 46.2 ± 9.8 (n=22) 0.110‡
Open-Chain 49 ± 9.4 (n=8) 42.6 ± 8.6 (n=22) 0.090‡
TKA, Total Knee Arthroplasty. PROMs, patient-reported outcome measures. °, 
Degrees. ‡, Independent Student T-Test.

Table IV. — Comparison of post-cam engagement revision TKA patients with 
high-PROMs and low-PROMs postoperatively.
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as “medial pivoting”14. This kinematic asymmetry 
results in a relatively constrained and stable medial 
compartment, whereas the lateral compartment 
demonstrates increased mobility, potentially 
allowing it to better accommodate biomechanical 
alterations. These kinematic observations correspond 
with findings from coronal laxity studies, which 
underscore the critical role of medial compartment 
stability. Medial laxity is known to induce aberrant, 
non-physiological knee kinematics, whereas lateral 
laxity exerts minimal influence and is considered 
physiological in the native knee across both extension 
and flexion37. This difference in laxity helps explain 
why the lateral compartment is more adaptable to 
changes in knee movement.

Post-cam engagement        

The moment of post-cam engagement did not exhibit 
a statistically significant difference between high-
PROM and low-PROM patients, although there was 
a tendency for earlier post-cam engagement in the 
low-PROM group. In the native knee, the posterior 
cruciate ligament becomes functional beyond 50° 
of flexion, guiding posterior femoral rollback and 
contributing to normal kinematics, which is generally 
associated with greater patient satisfaction38. In 
contrast, early post-cam engagement may indicate 
joint space overstuffing, which has been associated 
with decreased ROM, increased contact stresses and 
accelerated polyethylene wear in previous studies39. 
Moreover, early engagement could contribute to 
symptoms such as anterior knee pain, possibly due 
to altering of patellofemoral kinematics. These 
biomechanical changes could explain the lower 
PROM scores observed in this group. However, 
values reported in the literature range from 50 to 
90 degrees of flexion and are highly dependent on 
implant design, making it difficult to assess the 
clinical relevance of the slightly earlier post-cam 
engagement in the low-PROMs group40,41.

Limitations         

Several potential limitations should be acknowledged. 
First, the use of two different constraints may serve 
as a potential confounder, though this reflects 
the need for higher constraints in the revision 
population to manage bone defects and ligamentous 
insufficiencies. However, prior to data analysis, 
kinematic comparisons between CCK and PS 
implants in this study population demonstrated no 
significant differences, as both inserts share identical 
sagittal profiles for post and cam, resulting in similar 

cam mechanism, once engaged, exerts a substantial 
influence on the kinematic pattern. Therefore, we 
hypothesize that the mid-flexion range is more 
susceptible to the influence of additional factors 
on the kinematic pattern, such as the soft tissue 
conditions. Further consideration is necessary to 
fully understand the effect size of the presented 
data. The 3% difference in AP position in the medial 
compartment between high- and low-PROMs is 
noteworthy. This is particularly relevant considering 
that total AP translation spans from a maximum 
anterior point of approximately 50% (tibial center 
due to post-cam engagement) to a maximum posterior 
point of approximately 30%, resulting in translation 
occurring across roughly 20% of the tibial surface12. 
As such, the 3% difference constitutes approximately 
15% of the total AP excursion. This magnitude is 
comparable to findings by Van Onsem et al., where 
differences of 2 and 5 percentage points in AP 
position were associated with significant differences 
in PROMs after primary TKA12. Furthermore, the 
effect sizes were large during both the FE and the 
STS exercises, with Cohen’s d values of 0.93 and 
0.89 respectively, indicating substantial and clinically 
meaningful differences between groups. During 
the lunge exercise, the low-PROMs group tended 
to have a more anterior femoral position, although 
this difference did not reach statistical significance. 
This may be attributed to the limited sample size of 
patients with available data within the mid-flexion 
range for the lunge exercise.

In a similar study involving primary TKA patients, 
Van Onsem et al. demonstrated a difference between 
high-PROMs and low-PROMs patients only during 
closed-chain exercises, but not during open-chain 
exercises. This was attributed to the fact that most 
activities of daily living are performed under weight-
bearing, closed-chain conditions12. Conversely, our 
study was able to demonstrate a difference during 
the open-chain FE movement. A possible explanation 
for this discrepancy is that the revision population is 
more complex and less forgiving, leading to inferior 
outcomes, which may also manifest during open-
chain exercises. 

In contrast to the medial compartment, no 
significant differences were observed between high- 
and low-PROM patients in the lateral compartment, 
which may reflect its greater biomechanical 
adaptability. Numerous studies of native knee 
kinematics have shown that the lateral compartment 
exhibits a larger AP translation during FE compared 
to the medial compartment, a motion pattern known 
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alternative measurements such as axial rotation and 
varus-valgus movements.  
    

CONCLUSION

This study provides valuable insights into the kinematic 
patterns of revision TKA comparing patients with high 
and low PROMs. The findings demonstrate that, in the 
medial knee compartment, patients with low PROMs 
exhibited a more anterior femoral position across the 
entire range of motion, with the most pronounced and 
statistically significant difference observed in the mid-
flexion range. In contrast, no association was found 
between PROMs and AP translation in the lateral 
compartment or the moment of post-cam engagement. 
Further investigation is needed to better understand 
the relationship between kinematic variations and 
PROMs, and to facilitate the translation of these 
findings into clinical practice. 
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