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Improved Postoperative Kneeling Ability in Posterior Stabilized  1 

Total Knee Arthroplasty with Medialised Dome-Patella 2 

Resurfacing: A Retrospective Comparative Outcome Analysis 3 

 4 

Abstract 5 

Objectives: This investigation aimed to evaluate if the modifications to prosthesis designs 6 

improve patients' clinical and functional outcomes after total knee arthroplasty (TKA), with 7 

a special focus on pain and kneeling ability.  8 

 9 

Methods: Retrospective and comparative analysis of consecutive patients who were 10 

treated with posterior stabilized TKA using two different prostheses designs (single 11 

surgeon, single vendor). Group 1 received a traditional design TKA (PFC Sigma; DePuy, 12 

Inc., Warsaw, IN) with conventional dome-patella resurfacing and group 2 received a 13 

modern design implant (Attune; DePuy, Inc., Warsaw, IN), with medialised dome-patella 14 

resurfacing. Functional outcome (range of motion: ROM) and the Oxford Knee Score 15 

(OKS) were collected preoperatively, at 4-6 weeks and 12 months following surgery. 16 

 17 

Results: Ninety-nine participants were included. Of these, 30 received traditional design 18 

implants, and 69 the modern design knee implants. The comparison between the two 19 

implants showed a statistically significant increased total OKS and kneeling ability in the 20 

Jo
urn

al 
Pre-

pro
of



Modern Total Knee Arthroplasty Design 

2 
 

modern design cohort at 1-year follow-up compared to the traditional design cohort (p < 21 

0.01). In the modern design group, 53% (N=37) could kneel easily or with little difficulty, 22 

compared to 30% (N=9) in the traditional design group. No statistically significant 23 

differences in ROM or the OKS pain component were seen. 24 

 25 

Conclusion:  The incorporation of a medialized dome-patella in modern knee implant 26 

design may offer advantages over traditional designs, as seen in improved total OKS and 27 

kneeling ability at one-year follow-up. Further research with larger cohorts is needed to 28 

confirm these findings and explore the broader impact of implant design changes on 29 

patient outcomes. 30 

 31 

Keywords: Total knee arthroplasty, kneeling, Posterior stabilized TKA, PFC Sigma knee 32 

implant, Attune knee implant, Medialized dome-patella resurfacing 33 

Level of evidence 34 

Clinical Study, Level III. 35 

 36 

What are the new findings? 37 

1. The modern design knee implant with medialized dome-patella resurfacing 38 

demonstrated statistically significant better outcomes in total Oxford Knee 39 
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Score and kneeling component (p < 0.01) compared to the traditional design 40 

knee implant, up to 1 year follow up. 41 

2. An improvement in kneeling ability was evident in 53% of participants in the 42 

modern design cohort, surpassing the 30% observed in the traditional design 43 

group at 1-year follow-up. 44 

3. No statistically significant difference in range of motion or the Oxford Knee 45 

Score pain component was seen between the two knee implants up to the 1-46 

year follow-up 47 

  48 
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Introduction 49 

In patients with severely degenerative knee joints, total knee arthroplasty (TKA) is a 50 

commonly used surgical procedure to relieve pain and improve functionality and quality of 51 

life [1, 2]. Despite the progress made in TKA, anterior knee pain continues to be a 52 

common issue, affecting 8-10% of patients and in some studies, even up to 30% [3, 4]. 53 

This is also related to functional limitations like kneeling, which is one of the most 54 

important and difficult activities in these cases [5]. Most patients expect to be able to kneel 55 

after TKA, but up to 65% of patients are unable to do so one year after surgery [6–8]. The 56 

ability to kneel also depends on knee flexion. The required degree for upright kneeling is 57 

90 degrees, and >120 degrees for flexed kneeling [5, 9]. However, the factors that 58 

influence kneeling ability after TKA are still not well understood [10]. According to a recent 59 

meta-analysis, surgery-related predictors of kneeling ability in TKA include the incision 60 

type and TKA design [6].  61 

The modern prosthesis design, as opposed to the traditional design, more accurately 62 

replicates the natural trochlea-patella anatomy (Figure 1). This aims to restore a more 63 

typical patellar movement, resulting in improved performance and reduced patellofemoral 64 

complications following surgery [11–13]. The primary objective of the present study was to 65 

compare a modern TKA design with a medialized dome-patella resurfacing and a 66 

traditional implant with a centralized dome-patella, with a special focus on pain and 67 

kneeling ability after 1 year of surgery. We hypothesise that the implementation of modern 68 
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patellofemoral design modifications, particularly optimized patellar tracking in modern TKA 69 

with medialized dome patella resurfacing, would result in improved self-reported kneeling 70 

ability compared with conventional patella resurfacing. Additionally, clinical outcomes and 71 

knee function were analyzed. 72 

 73 

Methods 74 

Study Design 75 

After obtaining approval from the local Institutional Review Board (St John of God Health 76 

Care Human Research Ethics Committee, Reference 1430/2020), we conducted a 77 

retrospective and comparative analysis. The inclusion criteria for this study were all 78 

participants over 18 years old who underwent primary cemented, posterior stabilized (PS) 79 

TKA for osteoarthritis at two centres (St. John of God Murdoch Private Hospital and 80 

Fremantle Hospital, Western Australia). Implant choice in our study was determined based 81 

on consecutive cohorts. This means that as patients were enrolled in the study, the choice 82 

of the implant was made sequentially without any predetermined selection criteria and was 83 

not influenced by any bias or temporal considerations. This study was exclusively 84 

conducted using the implant employed by a single surgeon, and this constitutes the 85 

dataset available for analysis).  86 

 87 

Implant types 88 
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All prosthesis types were manufactured by DePuy Synthes (Warsaw, IN, USA). 89 

Differences in the design can be found in Table 1 and visualized in Figure 1  [11–13]. 90 

Table 1 Comparison of Design Features between Traditional and Modern Design Total Knee Arthroplasty 91 

Implants. [11–13] 92 

 Traditional design implant Modern design implant 

Implant type P.F.C. Sigma Attune 

Femoral component Greater width and thickness Reduced width and thickness 
and gradually reducing radius 

Patellofemoral 
Design 

Conventional patellar dome design By 3mm medialized dome 
patellar 

Patella component 
thickness (mm) 

8.0 (Size 29), 8.5 (Size 32, 35 and 
38), 11 (Size 41) 

8.5 (Size 29), 9.0 (Size 32), 
9.5 (Size 35), 10 (Size 38), 
and 10.5 (Size 41)  

Trochlear Shape More proximal trochlear groove Funneled trochlear groove, 
extended distally, 3° shallower 

Box ratio 0.8 0.7 

 93 

Surgical Technique 94 

All procedures were done by a single surgeon with over 10 years of experience. The 95 

surgery was performed through a medial parapatellar approach. Using conventional 96 

instrumentation (intramedullary femur, extramedullary tibia), we aimed for mechanical 97 

alignment. No lateral retinacular release had to be performed in this series.  98 

We routinely perform patellar resurfacing in all posterior stabilized knees as a standard 99 

practice. In our surgical technique for patellar resurfacing, we used the Attune cutting 100 

guide to achieve a total thickness of 22-26mm for the patellar bone resection, taking into 101 

consideration the preoperative thickness of the patella. Our surgical approach ensured that 102 

the residual thickness of the patella was never less than 12mm. Our goal was to ensure 103 
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complete coverage of the cut surface with the patellar component implant.  104 

In terms of femoral component rotation, our default reference was set at 3 degrees 105 

external rotation. However, we always double-checked the femoral rotation using spacer 106 

blocks before making the definitive cut to ensure optimal patellofemoral alignment. To 107 

evaluate the patellofemoral tracking, we performed a thorough assessment during the trial 108 

component phase of the surgery. We observed the patella throughout the range of motion 109 

to ensure it sat flat and maintained balanced tracking. This evaluation was done before 110 

any repair of the quadriceps tendon to eliminate any potential confounding effects. 111 

 112 

Rehabilitation protocol 113 

Immediate mobilization with physiotherapy assistance on the day of surgery aimed to 114 

prevent complications and facilitate a swift return to functional activities. Patients 115 

underwent frequent physiotherapy sessions twice daily, focusing on improving joint range 116 

of motion and strengthening knee muscles. Typically, participants were discharged from 117 

the hospital on either day 2 or 3 after surgery, indicating close monitoring. Follow-up 118 

physiotherapy sessions commenced at 3 to 4 weeks post-surgery to sustain rehabilitation 119 

progress. Notably, Continuous Passive Motion was not part of this protocol. 120 

 121 

Outcome measures and follow-up 122 
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Demographic data, including age, gender, and the side of the operation, were collected for 123 

all participants. These variables were included to assess potential differences in patient 124 

characteristics that might influence postoperative outcomes, such as kneeling ability and 125 

pain levels. Patient-reported outcomes were assessed using the OKS reported by patients. 126 

This questionnaire is routinely given to patients before TKR and for each follow-up visit. 127 

The OKS ranges from 0 to 48, with a higher score representing a better functional 128 

outcome. The published minimal clinical important difference (MCID) for the OKS is 5 [14, 129 

15]. Given that pain and kneeling are particularly important outcomes for patients who 130 

undergo TKA, the OKS scores for pain (question 1) and kneeling ability (question 7) in the 131 

last 4 weeks, were analyzed separately [10, 16]. ROM data (active flexion and extension) 132 

were measured preoperatively and during each postoperative control using a goniometer. 133 

Data were obtained from participant's medical charts. Participants data (OKS, ROM) were 134 

collected at baseline, 4-6 weeks, and 12 months following surgery.  Missing data from the 135 

participant's medical charts or incomplete questionnaire responses were excluded from the 136 

analysis. Specifically, for ROM measurements and questionnaire data, any instances of 137 

missing data were not included in the analysis to ensure the integrity and accuracy of the 138 

results. 139 

 140 

Statistical Analysis 141 
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The normal distribution of the data was assessed using the Shapiro-Wilk test, which 142 

indicated that all data showed a normal distribution. Descriptive statistics were then used 143 

to summarize the data, including the calculation of the mean and standard deviation (SD). 144 

Univariate differences in baseline demographics by implant type were explored using 145 

analysis of variance (ANOVA). Differences in outcomes were explored using repeated-146 

measures 2-way ANOVA followed by multiple comparisons corrected by the Holm-Šídák 147 

method. P-values <0.05 were considered statistically significant. Cohen's d was computed, 148 

and interpretation was based on effect sizes categorized as small (d = 0.2), medium (d = 149 

0.5), and large (d = 0.8), following the benchmarks suggested by Cohen [17]. All analyses 150 

were performed using GraphPad Prism version 8.0.0 for Windows, GraphPad Software, 151 

San Diego, California USA. 152 

Results 153 

We included a total of 99 participants, with a follow-up of one year. Sixty-nine participants 154 

received the modern design (posterior stabilized with medialized dome patella 155 

resurfacing), and 30 patients received the traditional design implant (posterior stabilized 156 

with conventional dome patella resurfacing;Figure 2). The post hoc power analysis 157 

revealed that with a significance level (alpha) of 5% and a power (1-beta) exceeding 80%, 158 

the sample size of 69 in the modern design group and 30 in the traditional design group 159 

was adequate to detect a statistically significant difference in kneeling ability based on the 160 

OKS after one year. The overall Total OKS, encompassing various aspects of knee 161 
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function, demonstrated a power of 80.3%. The OKS kneeling exhibited a power of 83.6%. 162 

The OKS pain component displayed a substantial power of 76.5%.  163 

No intraoperative or major complications were reported, furthermore, none of the 164 

participants in our study experienced complications following their total knee arthroplasty 165 

that required Manipulation Under Anesthesia or prolonged physiotherapy post-operatively. 166 

One patient in the modern design group with a rotating platform required reoperation to 167 

remove a posterolateral cement leak that caused localized pain. Following surgery, the 168 

patient’s pain was relieved. 169 

 170 

Patient Demographic Data 171 

No statistically significant difference in age, sex, or operation side were found between the 172 

modern and traditional design cohorts (Table 1).  173 

Table 2 Patient Demographics between Traditional and Modern Design Total Knee Arthroplasty (TKA). 174 

Variable Traditional design  
TKA 

Modern design TKA P value 

Patients, n 30 69 - 

Age, y 69.7  7.2 65.4  9.3 .120 

Female, n (%)  19 (63) 47 (68) >.999 

Left side operation, n 
(%) 

18 (60) 42 (61) >.999 

Analyzed using 2-way ANOVA with subsequent multiple comparisons correction by the Holm-Šídák method. Statistically 175 
significant differences were denoted by P-values <0.05 176 

 177 

Range of motion 178 

Both modern and traditional design participants demonstrated statistically significant 179 

improvements in flexion from baseline to the 12-month postoperative assessment (p 180 
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<.001, Supplementary Table 1). At the 1-year postoperative mark, there were no 181 

discernible differences between the two implant designs (Table 3). 182 

Table 3 Functional Analysis of Range of Motion (mean ± SD) in Traditional and Modern Design Total Knee 183 
Arthroplasty (TKA) at Baseline (preoperative), 4-6 weeks, and 1 year postoperatively.   184 

Variable Traditional 
design TKA 

Modern design 
TKA 

P value * 

Participants (n) 30 69 - 

Extension    

   Baseline     
   extension (°) 

5  6 4  4 >.999 

   Postoperative     
   extension, 4-6  
   weeks (°) 

3  7 4  6 >.999 

   Postoperative     
   extension,  
   1 year (°) 

0.5  3 1 2 >.999 

Flexion    

   Baseline flexion  
   (°) 

106  20 108  15 .979 

   Postoperative  
   flexion  
   4-6 weeks (°)  

105 13 107  14 .995 

   Postoperative  
   flexion 1 year (°) 

118  11 117  12 >.999 

 185 
*2-way ANOVA followed by multiple comparisons corrected by the Holm-Šídák method. P-values <0.05 were 186 
considered statistically significant. 187 

 188 

Oxford Knee Score  189 

MCID (>5) at 12-month follow-up was achieved in the postoperative OKS total score 190 

compared to baseline in all three groups (Supplementary Table 1). At 4-6 weeks 191 

postoperative, no statistically significant difference was observed between the traditional 192 

and modern design TKA groups. However, at the 1-year follow-up, the modern design 193 
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cohort displayed a statistically significant increase in total OKS score (p < 0.01) with a 194 

medium-large effect size of dCOHEN = 0.73 compared to the traditional design group 195 

(Table 4).  196 

Oxford Knee Score - Kneeling  197 

At the 12-month follow-up, a substantial and statistically significant improvement (p < 0.01) 198 

was observed in the OKS kneeling component. The effect size, as indicated by Cohen's d 199 

(d = 0.68), falls within the medium-large range, demonstrating a notable difference in 200 

scores between the modern design and traditional design groups (Table 4).Specifically, 201 

53% (N=37) of participants in the modern design group reported easy or little difficulty in 202 

kneeling, while only 30% (N=9) of traditional design group participants did (reported by 203 

OKS, Figure 3).  204 

 205 

Oxford Knee Score - Pain  206 

The OKS pain component score improved in all groups from the preoperative assessment 207 

to the 1-year follow-up. Although a higher pain score was observed in the modern design 208 

cohort compared to the traditional design group 1 year after surgery, this difference was 209 

not statistically significant (p=0.16; Table 4). Specifically, 79% (N=55) of participants who 210 

received the modern design TKA reported no or very mild pain, while 63% (N=19) of 211 

participants who received the traditional design TKA reported the same. Additionally, only 212 
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21% (N=14) of participants in the modern design cohort experienced mild to severe pain, 213 

compared to 37% (N=11) in the traditional design group (Figure 4, Table 4).  214 

Table 4 Results of the Oxford Knee Score (OKS). Baseline (preoperative), after 4-6weeks and 1 year 215 
postoperatively 216 

Variable Traditional 
design TKA 

Modern design 
TKA 

P value * 
 

Effect size 
(dCOHEN) # 

 

Participants (n) 30 69  
 

  

Total OKS 
 

    

OKS Baseline 19.4  7.3 20.4  8.7  >.999   

OKS total score (4-6 
weeks) 

29.5  8.2 30.2  8.4  >.999   

OKS total score (1 
year) 

35.8  10.4 41.6  6.7  <.01 0.73  

OKS pain component 
 

    

OKS pain (Baseline) 0.8  0.6 0.7  0.6  >.999   

OKS pain (4-6 weeks) 1.8  1.2 1.8  1.0  >.999   

OKS pain (1 year) 2.6  1.3 3.3  0.9  0.16   

OKS kneeling component 
 

    

OKS kneeling 
(Baseline) 

0.5  0.8 1.1 1.1  >.999   

OKS kneeling (4-6 
weeks) 

0.9  1.3 1.1  1.4  >.999   

OKS kneeling (1 year) 1.4  1.4 2.3  1.4  <.01 0.68  

*2-way ANOVA followed by multiple comparisons corrected by the Holm-Šídák method. P-values 217 

<0.05 were considered statistically significant. 218 

# Effect size (dCOHEN) # d = 0.2 “small”, 0.5 “medium”, and 0.8 a “large” effect size 219 

 220 

Discussion 221 

In this comparative study of 99 participants, a modern design knee implant with medialized 222 

dome-patella resurfacing exhibited advantages over a traditional knee implant in terms of 223 

total Oxford Knee Score and kneeling ability up to one year post-implantation. Specifically, 224 

in the modern design cohort we saw an improvement in kneeling ability in 53% (N=37) of 225 
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participants, outperforming the 30% (N=9) observed in the traditional design group, while 226 

there were no statistically significant differences in ROM or the pain component of the 227 

Oxford Knee Score between the two implant types over the one-year follow-up period.  228 

 229 

Patellofemoral complications account for 6-11.6% of knee implant revisions, particularly in 230 

PS implants [18–20]. Over the past two decades, TKA implant designs have improved with 231 

changes to the femoral component and patella to enhance kinematics, postoperative 232 

function, and pain reduction [21, 22]. The modern design prosthesis is an example of an 233 

implant with innovative design changes compared to the traditional model. For instance, 234 

the anterior part of the femoral component is smaller in width and thickness, to avoid 235 

overhanging and increasing the anterior offset in the patellofemoral side [23, 24]. 236 

Moreover, it has a medialized dome-patella component for better tracking [25, 26], and a 237 

gradually reducing radius of curvature to prevent abrupt transitions [27]. 238 

 239 

The factors influencing kneeling ability in TKA are not yet fully understood, and the findings 240 

regarding the association between prosthesis types and kneeling ability have been 241 

inconsistent across studies. In a recent systematic review, surgical factors such as the 242 

incision type and TKA design were identified as predictors of kneeling ability in TKA [6]. 243 

The review suggested that anterolateral and shorter incisions were associated with greater 244 

odds of kneeling ability, also a transverse incision was found to improve kneeling ability, 245 
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but this was based only on one study [6, 28]. In our study, a medial parapatellar incision 246 

was utilized.  247 

We found that over half of the participants in the modern design group reported being able 248 

to kneel easily or with little difficulty, whereas only about a third of the participants in the 249 

traditional design group reported the same. It is worth noting that a study on the traditional 250 

design implant reported a slightly higher proportion (39%) of participants being able to 251 

kneel easily or with little difficulty, compared to our cohort (30%), despite using the same 252 

implant and having similar patients demographics [29]. Our study did not directly 253 

investigate the factors leading to greater difficulty kneeling, and further research is needed 254 

to explore these factors in more detail. We found a statistically significant higher total OKS 255 

score in the modern compared to the traditional design group (p < 0.01). Since the OKS 256 

heavily relies on pain scores, we further examined the pain and kneeling questions [30, 257 

31]. We showed that 79% of participants in the modern design group had no or mild pain 258 

versus 63% in the traditional design group. Our results are in line with some studies, which 259 

also report less anterior knee pain and fewer patellofemoral complications with the modern 260 

design implant [32–34]. However, in other studies comparing the patellofemoral outcomes 261 

of modern versus traditional design TKAs, the authors could not show a statistically 262 

significant difference in pain or questionnaire-based outcomes [32, 35, 36]. Regarding the 263 

ROM between modern and traditional design implants, we could not show any statistically 264 

significant differences. Improvements in knee flexion to a mean of 120°, and extension to a 265 
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mean of 0° across all groups were similar to those reported by other authors. Values range 266 

between 110–123° flexion for the modern design group and 110–117° for traditional design 267 

TKAs. [32, 34, 37]. However, a recently published study could show a higher total ROM of 268 

132 for both implant systems [35].  269 

 270 

Several studies have highlighted the advantages of the modern design in comparison to 271 

traditional TKAs; however, this study is the first to specifically investigate its impact on pain 272 

and kneeling abilities [10]. Nonetheless, we acknowledge that our study has certain 273 

limitations. Firstly, it was conducted retrospectively, which inherently carries the limitations 274 

associated with this study design. Additionally, as the participants were not randomized, it 275 

is challenging to ascertain whether differences in outcomes are solely attributed to intrinsic 276 

patient characteristics or influenced by the surgeon's choice of knee system. Although our 277 

sample size was small, the surgeries were highly standardized and performed by the same 278 

surgeon, ensuring high comparability and minimizing variability. However, it is important to 279 

note that the subgroup analysis was underpowered, and therefore, caution should be 280 

exercised when interpreting the results. Furthermore, the assessment of kneeling ability 281 

was solely based on the kneeling question of the OKS, which is commonly used in this 282 

type of research [6, 10, 16, 38, 39]. We chose a 12-month follow-up period based on the 283 

fact that 94% of patients expect to regain the ability to kneel after this time frame [8], which 284 

is consistent with findings from the literature where kneeling ability typically does not show 285 
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statistically significant improvement beyond one year [6, 40, 41]. Furthermore, we 286 

acknowledge that conducting an expanded investigation encompassing factors such as 287 

different surgical techniques, radiographic parameters, and different implant design 288 

options would provide valuable insights into the factors influencing outcomes in TKA. 289 

Nevertheless, it is important to note that the scope of our current research study was 290 

specifically focused on comparing the functional outcomes (kneeling ability), ROM, and 291 

pain levels between two specific TKA designs. 292 

The objective of future research should focus on developing innovative interventions and 293 

rehabilitation strategies specifically targeting the restoration and improvement of kneeling 294 

ability in the long term. This may involve exploring alternative surgical techniques, implant 295 

designs, postoperative rehabilitation protocols, and patient-centred interventions aimed at 296 

optimizing functional outcomes and facilitating a successful return to kneeling activities. By 297 

addressing this ongoing challenge, we can strive to enhance the overall functional 298 

outcomes and quality of life for patients undergoing TKA. 299 

 300 

Conclusion 301 

This retrospective study focused on a single surgeon's experience with a specific implant 302 

design within a single-vendor context. Notable improvements in both overall knee function, 303 

as indicated by the OKS, and kneeling ability after one year of follow-up were revealed. 304 

The modern design TKA includes a medialized dome-patella, potentially contributing to 305 
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these outcomes. Although these were statistically significant differences, the clinical 306 

significance is uncertain as there are no established MCID values for the OKS 307 

components. Despite promising results, study limitations include its retrospective nature 308 

and small sample size, necessitating future research with larger cohorts and 309 

comprehensive assessments.  310 

 311 
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  418 

 419 

Figures  420 

Figure 1 The design features of the modern (Attune) versus traditional design (PFC 421 

Sigma) implant. (A) The trochlear groove of the modern design implant is more distally 422 

elongated than that of the traditional design, leading to a decreased intercondylar box 423 

ratio. (B) Narrower width and thickness of the modern design implant (inner dimension; 424 

solid line) than that of the traditional design (outer dimension; dotted line). (C) The modern 425 

design implant features a medialized dome-patella component to provide optimization of 426 

patellofemoral conformity. [Image source: Sang Jun Song et al., Knee Surgery & Related 427 

Research 2018;30:334~340 [11] ] 428 
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Figure 2 Flowchart illustrating the process of participant selection for the study.  429 

TKA, Total Knee Arthroplasty 430 

PROMs, Patient-reported outcome measures 431 

Figure 3 Comparison of Oxford Knee Score (OKS) kneeling component scores at 12 432 

months postoperatively between traditional and modern implant types, illustrating the 433 

distribution and differences in kneeling ability outcomes.  434 

Figure 4 Comparison of Oxford Knee Score (OKS) Pain Component Scores at 12 months 435 

postoperatively among participants with modern and traditional design total knee 436 

arthroplasty implant. In the modern design group, 79% (N=55) reported no or very mild 437 

pain, contrasting with 63% (N=19) in the traditional design group. Moreover, only 21% 438 

(N=14) of the modern design cohort experienced mild to severe pain, as opposed to 37% 439 

(N=11) in the traditional design group. 440 

 441 

 442 

List of abbreviations 443 

ANOVA  Analysis of variance 

MCID Minimal clinical important differences 

OKS  Oxford Knee Score  

PFC  Press-Fit Condylar 

PS  Posterior stabilized 
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ROM  Preoperative range of motion 

TKA  Total knee arthroplasty 
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