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Abstract: Background and Objectives: National joint registries report higher total knee arthroplasty
(TKA) revision rates in posterior-stabilized (PS) systems compared to non-posterior-stabilized designs.
The purpose of this study was to investigate the implant survivorship and clinical outcomes of an
anatomic implant with a PS bearing. Materials and Methods: An early- to mid-term follow-up of a
prospective, multi-center, non-controlled outcomes study of patients who received primary TKA
between November 2014 and June 2017 was performed. A total of 800 cases using PS bearings that
were implanted in 664 patients were monitored post-operatively for their implant survivorship and
adverse events for up to five years. The Knee Society Knee and Function scores, patient satisfaction,
the five-dimensional European Quality of Life questionnaire, and range of motion (ROM) were
evaluated pre-operatively and post-operatively at six weeks, six months, one year, two years, three
years, and five years. Results: The mean follow-up period was 3.7 ± 1.3 years, and the three-year
implant survival rate was 99.3% (95% CI: 98.4%, 99.7%) with five revisions during the five-year
follow-up. Patient satisfaction was 96.1% at six weeks and increased to 99.3% at one year. All
patient-reported outcome measures significantly (p < 0.0001) increased up to the one-year follow-up
and then remained stable up to the five-year follow-up. Conclusions: This study supports the excellent
survivorship and patient-reported outcomes of the Persona® Knee system using cemented, fixed
bearing, posterior-stabilized components with minimal complications at early- to mid-term follow-up
in an international Asian population. Ongoing observations are being performed to investigate the
mid- to long-term survivorship and clinical outcomes associated with this knee system.

Keywords: posterior stabilized; aseptic loosening; knee replacement; knee society score

1. Introduction

Total knee arthroplasty (TKA) is a common and highly effective musculoskeletal
procedure for treating end-stage osteoarthritis (OA) [1]. With its success, the rate of primary
TKA has increased by over 400% in the first decade of the 21st century in Korea [2], and
the demand for TKA is expected to increase by up to 500% by 2050 in the United States [3].
While the incidence of TKA in patients older than 65 continues to grow and comprises the
majority of TKAs [4], TKAs in adults under 65 have more than tripled in the first decade of
the 21st century [5] and suggest a greater inclusivity of the TKA indication.

Despite advancements in orthopedic devices and surgical techniques, patient dissat-
isfaction following TKA has been reported to be as high as 10–20% [6–8], and functional
performance deficits (i.e., those associated with walking and stair-climbing speed and knee
extensor and flexor strength) persist in patients for at least one year following TKA [9,10].
Additionally, the TKA revision rate is not expected to decline by 2030 [11], and aseptic
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loosening remains one of the main causes of revision, especially in periods greater than two
years post-surgery [12,13]. An analysis of the American Joint Replacement Registry from
2012 to 2019 reported revisions due to aseptic loosening to be higher in posterior-stabilized
(PS) bearing designs (1.49%) compared to non-posterior-stabilized designs (1.18%) [14],
and the United Kingdom National Joint Registry (UK NJR) reported similar findings,
with five-year all-cause revision rates for PS and unconstrained bearings of 2.42% and
1.86%, respectively [15]. Although PS bearings are often prescribed for patients with
greater pre-operative deformities, Abdel [16] reported a significantly lower 15-year sur-
vival in PS TKAs compared to cruciate retaining TKAs when adjusting for age, sex, and
pre-operative deformity.

The shift in TKA inclusivity to include younger and more active adults [17], in addition
to rising OA prevalence, active lifestyles, obesity, and expected lifespan has prompted
greater expectations of orthopedic component longevity, durability, and functionality by
surgeons, health care providers, and patients. Certain limitations in knee design systems
still require surgeons to accept compromises (i.e., selecting maximal tibial bone coverage
or ideal rotational alignment) that may result in compromised clinical outcomes [18,19].
Anatomic components feature a more contoured anatomic shape and physiological compo-
sition designed to recreate natural kinematics that may address these requirements and
enhance patient outcomes [20,21].

While the five-year survivorship of the PS anatomic knee system is similar to that
reported by the Australian Orthopaedic Association National Joint Registry (AOANJRR:
97.3%) [22] or better (99.1%) [23] than other PS knee system survival rates (98.1%) [24], two
recent studies have reported slightly higher revision rates due to the aseptic loosening
associated with the shorter keels, especially in obese patients [25,26], and the UK NJR
reports the five-year survival to be lower than average, at 96.7%. As a result of these mixed
reports, a large cohort, multi-surgeon and multi-country study is necessary to further
determine the revision etiology and survival rate of this PS anatomic implant. The purpose
of this study was to analyze early- to mid-term implant survivorship and clinical outcomes
following TKA with anatomic PS fixed bearing implants. Specifically, we sought to evaluate
the three-year survivorship of the PS system studied in a primarily Asian population.

2. Materials and Methods

This was a prospective, multi-center, international, non-controlled outcomes study of
patients who received primary TKA between November 2014 and June 2017 at 16 surgical
centers in India (30.3%), Japan (12.2%), Korea (55.6%), New Zealand (0.3%), and Singapore
(1.8%). To avoid a potential selection bias, participation was offered consecutively to eligible
patients by each investigator. Patients who qualified for a primary TKA based upon the
diagnosis of arthritis (rheumatoid, OA, traumatic, and polyarthritis), the avascular necrosis
or collagen disorders of the femoral condyle, the post-traumatic loss of joint configuration,
moderate deformity (varus, valgus, flexion), and/or the salvage of previously failed surgical
attempts that did not include partial or full arthroplasty of the ipsilateral knee were eligible
for participation. Patients with a history of infection in the affected joint or diseases that
could influence bone metabolism were excluded from the study. Additional exclusion
criteria included the following: participation in any other surgical intervention studies,
an insufficient bone stock of the femoral or tibial surfaces, skeletal immaturity, the loss of
musculature or neurovascular disease that compromises the affected limb, severe instability
secondary to the absence of collateral ligament integrity, rheumatoid arthritis accompanied
by an ulcer of the skin or a history of recurrent breakdown of the skin, and known or
suspected sensitivity or allergy to one or more of the implant materials. One site closed in
2018 due to the departure of the primary investigator, and the 50 knees implanted at that
site were excluded from the analysis, resulting in 800 cases available for review (Figure 1).
Ethics approval for all sites was obtained (ClinicalTrials.gov Identifier: NCT04461626), and
all subjects provided written informed consent prior to enrollment.

ClinicalTrials.gov
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All patients underwent TKA using fully cemented, fixed bearing, non-stemmed, PS 
total knee implants (Persona Knee System, Zimmer Biomet, Warsaw, IN, USA). Standard 
surgical procedure was followed under general or spinal anesthesia, according to the sur-
geon’s preference. Patellar resurfacing was indicated for patients presenting with an In-
ternational Cartilage Repair Society Grade (ICRS) exceeding grade 2. Specifically, patellae 
with a minimum thickness of 12 mm at the thickest point were resurfaced, matching the 
thickness of the patellar component to mitigate the risk of post-operative patellar fracture. 
In cases where the patella was not resurfaced, any prominent osteophytes were removed. 
Surgical data collected included the type of anesthesia, ASA classification, surgical ap-
proach, intraoperative complications, and polyethylene component used.  

The primary outcome of this study, implant survival, was assessed by identifying 
any adverse events that required a revision of any component for any cause. We also re-
viewed any adverse events associated with the surgical limb. Secondary outcomes in-
cluded the Knee Society Knee Score (KSS) and Function Score (KSFS), patient satisfaction 
(five-point Likert scale: very dissatisfied, dissatisfied, neutral, satisfied, very satisfied), the 
five-dimensional European Quality of Life (EQ5D-5L) questionnaire (index and visual an-
alog scale [VAS]), and range of motion (ROM). The 2011 revised KSS [27] was adminis-
tered to patients at sites in Japan (n = 98) and New Zealand (n = 2); however, due to lan-
guage translation limitations, the original KSS [28] had to be administered to all other 

Figure 1. Strobe flowchart.

All patients underwent TKA using fully cemented, fixed bearing, non-stemmed, PS
total knee implants (Persona Knee System, Zimmer Biomet, Warsaw, IN, USA). Standard
surgical procedure was followed under general or spinal anesthesia, according to the
surgeon’s preference. Patellar resurfacing was indicated for patients presenting with an
International Cartilage Repair Society Grade (ICRS) exceeding grade 2. Specifically, patellae
with a minimum thickness of 12 mm at the thickest point were resurfaced, matching
the thickness of the patellar component to mitigate the risk of post-operative patellar
fracture. In cases where the patella was not resurfaced, any prominent osteophytes were
removed. Surgical data collected included the type of anesthesia, ASA classification,
surgical approach, intraoperative complications, and polyethylene component used.

The primary outcome of this study, implant survival, was assessed by identifying any
adverse events that required a revision of any component for any cause. We also reviewed
any adverse events associated with the surgical limb. Secondary outcomes included
the Knee Society Knee Score (KSS) and Function Score (KSFS), patient satisfaction (five-
point Likert scale: very dissatisfied, dissatisfied, neutral, satisfied, very satisfied), the five-
dimensional European Quality of Life (EQ5D-5L) questionnaire (index and visual analog
scale [VAS]), and range of motion (ROM). The 2011 revised KSS [27] was administered
to patients at sites in Japan (n = 98) and New Zealand (n = 2); however, due to language
translation limitations, the original KSS [28] had to be administered to all other patients
(n = 700). All follow-up measures were assessed pre-operatively and post-operatively at
six weeks, six months, one year, two years, three years, and five years.

All data are presented as means ± standard deviations, unless mentioned otherwise.
Continuous data were evaluated with paired samples t-tests. Kaplan–Meier survivorship
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analyses were performed with any adverse events that required a revision of any component
for any cause. Based on the results from the 2013 Australian Orthopaedic Association Joint
Replacement Registry report referenced at the time of study initiation, the cumulative
revision rate of primary TKA in osteoarthritis at five years is 3.8% or the survival rate
is 96.2% [29]. The point estimate of this survival rate and its 95% two-sided confidence
interval was produced. Based on an expected survival rate of 96.2% at five years, when
the sample size is 328, a two-sided 95% confidence interval for the implant survival rate
using the exact binomial confidence interval extended from 93.3% to 97.9%. Statistical
significance was set to an α of p < 0.05 a priori, and all analyses were performed with SAS
v9.4 (SAS Institute, Inc., Cary, NC, USA).

3. Results

A total of 800 primary TKAs were performed with a midvastus (n = 6), subvastus
(n = 61), or medial parapatellar (n = 733) approach. The mean age of the population was
67.2 ± 7.5 years, the main indication for surgery was OA (97.1%) followed by rheuma-
toid arthritis (2.0%) and osteonecrosis (0.8%), and the majority of the population was
female (Table 1). Femoral cement was used in 785 (98.1%) cases, and uncemented porous
coated components were used in the remaining 15 cases. Vitamin E highly crosslinked
polyethylene tibial inserts were used in 96 (12%) cases, and the patella was resurfaced in
120 (15%) cases. The mean operating room (OR) time was 90.6 ± 36.9 min for all patients,
94.7 ± 30.3 min for unilateral patients (n = 528), and 86.2 ± 46.2 min for bilateral cases
(n = 136).

Table 1. Demographics.

Mean ± SD Range

Age 67.2 ± 7.5 20–80
Body Mass Index (kg/m2) 27.9 ± 4.5 19–47

Height (cm) 154.7 ± 7.4 139–179
Weight (kg) 66.7 ± 12 41–115

Gender, n = male (% male)
n = female (% female)

116 (14.5%)
683 (85.5%)

Follow-up (y) 3.7 ± 1.3 0.2–6.8

The mean follow-up period was 3.7 ± 1.3 years. The implant survivorship at the
three-year follow-up was 99.3% (95% CI: 98.3, 99.7%, Figure 2). There were five failures
(0.63%) that led to revision surgery (Table 2) in the five-year follow-up period. There was
an additional tibial implant loosening that required revision in the sixth year assessed to
be related to the device by the investigator. There were five knee-related post-operative
complications that did not result in revision surgery: one superficial joint infection resolved
with wound revision, two patellar periprosthetic fractures, one case of patellar clunk
syndrome that was treated with arthroscopic synovectomy, and one case of subsequent
trauma that resulted in an MCL avulsion that was treated conservatively.

Table 2. Etiology of revision surgeries.

Complication Cases (% Total Cases) Revision Year (Range)

Tibial Implant Loosening 2 (0.1%) 4.5 (3.6)
Instability 1 (0.1%) 1

Deep Periprosthetic Joint Infection 3 (0.4%) 1.3 (1–2)
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Figure 2. Kaplan–Meier survival curve.

The KSS and KSFS were significantly greater (p < 0.0001) at six weeks compared to
those measured pre-operatively and increased through the first year before becoming
stable (Table 3). The mean improvement in KSS and KSFS at six weeks were 35.3 (95% CI:
33.8, 36.8) and 6.3 (95% CI: 4.5, 8.2), respectively. At the one-year post-operative follow-
up, the mean improvement in KSS and KSFS from the pre-operative measurement were
47.6 (95% CI: 46.2, 48.9) and 31.8 (95% CI: 30.3, 33.3), respectively. There were significant
(p < 0.05) differences in KSS and KSFS, favoring un-resurfaced patellae through the first-
and second-year post-operative periods, respectively. However, neither of the differences
exceeded the MCID of nine points [30].

Table 3. Knee Society Scores.

Original Knee Society Score Revised Knee Society Score

Visit KSS

Medicina 2023, 59, x FOR PEER REVIEW 5 of 12 
 

 

 

Figure 2. Kaplan–Meier survival curve. 

Table 2. Etiology of revision surgeries. 

Complication Cases (% Total Cases) Revision Year (Range) 

Tibial Implant Loosening 2 (0.1%) 4.5 (3.6) 

Instability 1 (0.1%) 1 

Deep Periprosthetic Joint In-

fection 
3 (0.4%) 1.3 (1–2) 

The KSS and KSFS were significantly greater (p < 0.0001) at six weeks compared to 

those measured pre-operatively and increased through the first year before becoming sta-

ble (Table 3). The mean improvement in KSS and KSFS at six weeks were 35.3 (95% CI: 

33.8, 36.8) and 6.3 (95% CI: 4.5, 8.2), respectively. At the one-year post-operative follow-

up, the mean improvement in KSS and KSFS from the pre-operative measurement were 

47.6 (95% CI: 46.2, 48.9) and 31.8 (95% CI: 30.3, 33.3), respectively. There were significant 

(p < 0.05) differences in KSS and KSFS, favoring un-resurfaced patellae through the first- 

and second-year post-operative periods, respectively. However, neither of the differences 

exceeded the MCID of nine points [30].  

Table 3. Knee Society Scores. 

 Original Knee Society Score Revised Knee Society Score 

Visit KSS Ŧ KSFS Ŧ KSS Ŧ KSFS Ŧ 

Pre-Operative 38.6 (16.8) 51.3 (17.2) 42.7 (18.4) 43.5 (17.4) 

6 weeks 74.0 (14.7) * 57.7 (20.7) * 85.8 (10.8) * 56.2 (18.5) * 

6 months 83.4 (11.9) * 78.6 (16.0) * 90.7 (10.0) * 66.4 (20.7) * 

1 year 86.1 (11.1) * 82.9 (15.3) * 91.2 (10.9) * 70.5 (18.9) * 

         

             

         

               

                                

         

         

     

                

          

     

      

     

     

      

     

     

      

     

     

      

     

     

      

     

KSFS

Medicina 2023, 59, x FOR PEER REVIEW 5 of 12 
 

 

 

Figure 2. Kaplan–Meier survival curve. 

Table 2. Etiology of revision surgeries. 

Complication Cases (% Total Cases) Revision Year (Range) 

Tibial Implant Loosening 2 (0.1%) 4.5 (3.6) 

Instability 1 (0.1%) 1 

Deep Periprosthetic Joint In-

fection 
3 (0.4%) 1.3 (1–2) 

The KSS and KSFS were significantly greater (p < 0.0001) at six weeks compared to 

those measured pre-operatively and increased through the first year before becoming sta-

ble (Table 3). The mean improvement in KSS and KSFS at six weeks were 35.3 (95% CI: 

33.8, 36.8) and 6.3 (95% CI: 4.5, 8.2), respectively. At the one-year post-operative follow-

up, the mean improvement in KSS and KSFS from the pre-operative measurement were 

47.6 (95% CI: 46.2, 48.9) and 31.8 (95% CI: 30.3, 33.3), respectively. There were significant 

(p < 0.05) differences in KSS and KSFS, favoring un-resurfaced patellae through the first- 

and second-year post-operative periods, respectively. However, neither of the differences 

exceeded the MCID of nine points [30].  

Table 3. Knee Society Scores. 

 Original Knee Society Score Revised Knee Society Score 

Visit KSS Ŧ KSFS Ŧ KSS Ŧ KSFS Ŧ 

Pre-Operative 38.6 (16.8) 51.3 (17.2) 42.7 (18.4) 43.5 (17.4) 

6 weeks 74.0 (14.7) * 57.7 (20.7) * 85.8 (10.8) * 56.2 (18.5) * 

6 months 83.4 (11.9) * 78.6 (16.0) * 90.7 (10.0) * 66.4 (20.7) * 

1 year 86.1 (11.1) * 82.9 (15.3) * 91.2 (10.9) * 70.5 (18.9) * 

         

             

         

               

                                

         

         

     

                

          

     

      

     

     

      

     

     

      

     

     

      

     

     

      

     

KSS

Medicina 2023, 59, x FOR PEER REVIEW 5 of 12 
 

 

 

Figure 2. Kaplan–Meier survival curve. 

Table 2. Etiology of revision surgeries. 

Complication Cases (% Total Cases) Revision Year (Range) 

Tibial Implant Loosening 2 (0.1%) 4.5 (3.6) 

Instability 1 (0.1%) 1 

Deep Periprosthetic Joint In-

fection 
3 (0.4%) 1.3 (1–2) 

The KSS and KSFS were significantly greater (p < 0.0001) at six weeks compared to 

those measured pre-operatively and increased through the first year before becoming sta-

ble (Table 3). The mean improvement in KSS and KSFS at six weeks were 35.3 (95% CI: 

33.8, 36.8) and 6.3 (95% CI: 4.5, 8.2), respectively. At the one-year post-operative follow-

up, the mean improvement in KSS and KSFS from the pre-operative measurement were 

47.6 (95% CI: 46.2, 48.9) and 31.8 (95% CI: 30.3, 33.3), respectively. There were significant 

(p < 0.05) differences in KSS and KSFS, favoring un-resurfaced patellae through the first- 

and second-year post-operative periods, respectively. However, neither of the differences 

exceeded the MCID of nine points [30].  

Table 3. Knee Society Scores. 

 Original Knee Society Score Revised Knee Society Score 

Visit KSS Ŧ KSFS Ŧ KSS Ŧ KSFS Ŧ 

Pre-Operative 38.6 (16.8) 51.3 (17.2) 42.7 (18.4) 43.5 (17.4) 

6 weeks 74.0 (14.7) * 57.7 (20.7) * 85.8 (10.8) * 56.2 (18.5) * 

6 months 83.4 (11.9) * 78.6 (16.0) * 90.7 (10.0) * 66.4 (20.7) * 

1 year 86.1 (11.1) * 82.9 (15.3) * 91.2 (10.9) * 70.5 (18.9) * 

         

             

         

               

                                

         

         

     

                

          

     

      

     

     

      

     

     

      

     

     

      

     

     

      

     

KSFS

Medicina 2023, 59, x FOR PEER REVIEW 5 of 12 
 

 

 

Figure 2. Kaplan–Meier survival curve. 

Table 2. Etiology of revision surgeries. 

Complication Cases (% Total Cases) Revision Year (Range) 

Tibial Implant Loosening 2 (0.1%) 4.5 (3.6) 

Instability 1 (0.1%) 1 

Deep Periprosthetic Joint In-

fection 
3 (0.4%) 1.3 (1–2) 

The KSS and KSFS were significantly greater (p < 0.0001) at six weeks compared to 

those measured pre-operatively and increased through the first year before becoming sta-

ble (Table 3). The mean improvement in KSS and KSFS at six weeks were 35.3 (95% CI: 

33.8, 36.8) and 6.3 (95% CI: 4.5, 8.2), respectively. At the one-year post-operative follow-

up, the mean improvement in KSS and KSFS from the pre-operative measurement were 

47.6 (95% CI: 46.2, 48.9) and 31.8 (95% CI: 30.3, 33.3), respectively. There were significant 

(p < 0.05) differences in KSS and KSFS, favoring un-resurfaced patellae through the first- 

and second-year post-operative periods, respectively. However, neither of the differences 

exceeded the MCID of nine points [30].  

Table 3. Knee Society Scores. 

 Original Knee Society Score Revised Knee Society Score 

Visit KSS Ŧ KSFS Ŧ KSS Ŧ KSFS Ŧ 

Pre-Operative 38.6 (16.8) 51.3 (17.2) 42.7 (18.4) 43.5 (17.4) 

6 weeks 74.0 (14.7) * 57.7 (20.7) * 85.8 (10.8) * 56.2 (18.5) * 

6 months 83.4 (11.9) * 78.6 (16.0) * 90.7 (10.0) * 66.4 (20.7) * 

1 year 86.1 (11.1) * 82.9 (15.3) * 91.2 (10.9) * 70.5 (18.9) * 

         

             

         

               

                                

         

         

     

                

          

     

      

     

     

      

     

     

      

     

     

      

     

     

      

     

Pre-Operative 38.6 (16.8) 51.3 (17.2) 42.7 (18.4) 43.5 (17.4)
6 weeks 74.0 (14.7) * 57.7 (20.7) * 85.8 (10.8) * 56.2 (18.5) *

6 months 83.4 (11.9) * 78.6 (16.0) * 90.7 (10.0) * 66.4 (20.7) *
1 year 86.1 (11.1) * 82.9 (15.3) * 91.2 (10.9) * 70.5 (18.9) *
2 years 84.9 (10.9) * 84.0 (14.2) * 91.8 (12.7) * 73.8 (17.6) *
3 years 86.2 (9.4) * 81.9 (14.6) * 95.8 (5.9) * 76.9 (15.7) *
5 years 86.5 (10.1) * 84.7 (14.2) * 95.8 (7.7) * 73.1 (22.1) *

Values represent mean (SD); * significantly different from pre-operative assessment;
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KSS: Knee Society Score;
KSFS: Knee Society Function Score.

Significantly (p < 0.0001) more patients were satisfied with their operation than dis-
satisfied at the six-weeks post-operative follow-up, and this value remained high (98.3 to
99.3%) throughout the five-year post-operative period (Table 4).
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Table 4. Patient satisfaction associated with surgery results.

Visit Satisfied Dissatisfied

6 weeks 743 (96.1%) 30 (3.9%)
6 months 714 (99.3%) 5 (0.7%)

1 year 692 (99.3%) 5 (0.7%)
2 years 551 (98.9%) 6 (1.1%)
3 years 327 (98.8%) 4 (1.2%)
5 years 177 (98.3%) 3 (1.7%)

Values represent frequencies (%).

Both EQ5D-5L index and EQ5D VAS significantly (p < 0.0001) improved at the six-
week post-operative follow-up and continued to improve throughout the first year before
becoming stable (Table 5 and Figure 3). The mean improvements in EQ5D-5L index and
EQ5D VAS at six weeks were 0.196 (95% CI: 0.177, 0.215) and 13.3 (95% CI: 11.8, 14.8),
respectively. At the one-year post-operative follow-up, the mean improvement in EQ5D-5L
index and EQ5D VAS from the pre-operative measurement were 0.402 (95% CI: 0.384, 0.421)
and 25.8 (95% CI: 24.4, 27.3), respectively.

Table 5. EuroQol 5 Dimension 5 Level scores.

Visit EQ5D-5L EQ5D VAS
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The extension ROM improved significantly (p < 0.0001) between the pre-operative
period (5 ± 6.8◦) and the six-week follow-up (1.9 ± 3.8◦) and then stabilized after the
first year (0.7 ± 2.3◦). Pre-operatively, there were 202 cases (25.3%) of extension lag that
showed a steady decrease in frequency through the follow-up period (Table 6). The flexion
ROM was significantly lesser (p < 0.0001) at six weeks (118.5 ± 16.5◦) compared to the
pre-operative period (121.9 ± 17.5◦) but recovered to levels greater than those during the
pre-operative period at six months (124.5 ± 14.4◦). The arc of ROM (Figure 4) showed a
similar trend, increasing post-operative from six weeks to one year before stabilizing.

Table 6. Extension lag.

Visit Frequency (%) Mean (SD)

Pre-operative 202 (25.3%) 8.1 (4.8)
six weeks 105 (13.2) 7.3 (3.6)

six months 49 (6.7%) 6.9 (3.5)
one year 32 (4.6%) 7.1 (4.2)

two years 23 (4.1%) 6.6 (3.4)
three years 10 (3.0%) 5.4 (2.7)
five years 1 (0.6%) 10 (NA)

Medicina 2023, 59, x FOR PEER REVIEW 8 of 12 
 

 

 
Figure 4. Arc of range of motion. * significantly different from pre-operative assessment; # signifi-
cantly different from six-week assessment; and § significantly different from six-month assessment. 

4. Discussion 
The most important findings of this study were that three- and five-year survivorship 

rates were 99.3% for this implant system, when failure was defined as a revision of any 
component for any reason. This is especially important as these data represent a large 
cohort of a primarily Asian population previously under reported in the TKA literature 
for this implant.  

The survivorship for this implant system found in the most recent Australian Ortho-
paedic Association National Joint Replacement Registry (AOANJRR) report [22], contain-
ing information on 4,852 knees, was 97.8% at three years and 97.7% at five years. The UK 
National Joint Registry (NJR) [15], containing information on 2,134 knees, reported a 
slightly lower five-year survival of 96.8% for the same system. Similarly, small cohort 
studies have reported three-year all-cause survivorship of 96.6% [23] and five-year survi-
vorship from 97.8 to 98.7% [31,32] for the same device. The difference in our outcomes and 
those cited may be associated with the cohorts evaluated as well as the size of the cohorts. 
Regardless, our results are comparable, if not slightly greater, to other commercially avail-
able PS implants. Abdel et al. [24] reported a five-year all-cause revision rate of 96% for 
5098 TKAs performed with PS components between 2000 and 2012. The AOANJRR re-
ported three- and five-year survival rates for primary total knee arthroplasty due to oste-
oarthritis of 97.8% and 97.3%, respectively. The three-year survivorship of other fully 

Figure 4. Arc of range of motion. * significantly different from pre-operative assessment; # signifi-
cantly different from six-week assessment; and § significantly different from six-month assessment.

4. Discussion

The most important findings of this study were that three- and five-year survivorship
rates were 99.3% for this implant system, when failure was defined as a revision of any
component for any reason. This is especially important as these data represent a large
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cohort of a primarily Asian population previously under reported in the TKA literature for
this implant.

The survivorship for this implant system found in the most recent Australian Or-
thopaedic Association National Joint Replacement Registry (AOANJRR) report [22], con-
taining information on 4852 knees, was 97.8% at three years and 97.7% at five years. The UK
National Joint Registry (NJR) [15], containing information on 2134 knees, reported a slightly
lower five-year survival of 96.8% for the same system. Similarly, small cohort studies have
reported three-year all-cause survivorship of 96.6% [23] and five-year survivorship from
97.8 to 98.7% [31,32] for the same device. The difference in our outcomes and those cited
may be associated with the cohorts evaluated as well as the size of the cohorts. Regardless,
our results are comparable, if not slightly greater, to other commercially available PS im-
plants. Abdel et al. [24] reported a five-year all-cause revision rate of 96% for 5098 TKAs
performed with PS components between 2000 and 2012. The AOANJRR reported three-
and five-year survival rates for primary total knee arthroplasty due to osteoarthritis of
97.8% and 97.3%, respectively. The three-year survivorship of other fully cemented PS
bearings in the AOANJRR 2022 annual report ranged from 97.2 to 96.3% [22]. Whereas the
UK NJR reported an overall three-year survivorship for fully cemented PS, fixed, bearings
of 98.4%, dependent upon age and sex at time of the index procedure. Looking at our
study population as a whole, our data are consistent with the UK registry when compared
to the age and sex categories as the mean age of our population was 67.2 ± 7.5 and we
had a preponderance of female cases. For patients aged 65–74, in the UK NKR annual
report, the survival rates at three years were reported to be 98.33% for males and 98.61%
for females [15]. It is also worth noting that 15% of patellae were resurfaced in the present
study. In general, un-resurfaced PS knees appeared to perform worse than those with initial
patellar resurfacing as per national joint registries [15], but this largely un-resurfaced group
in the present study exhibited excellent early survivorship and PROMs.

There were six revisions in the present study, only two of which were due to aseptic
loosening. These results contradict those of Garceau et al. [25] who reported a higher rate
of revision due to aseptic loosening with the same anatomic PS implants but without the
addition of a short tibial stem. In their study, the five-year survival rate in the stemless
group was 94.5% compared to 100% in the stemmed group. The authors conducted a
sub-group analysis based on the presence of obesity (defined as BMI > 40 kg/m2) and
found a significantly lower (71.4%) survival rate in the stemless group. While these results
are concerning, they are based off a small sample size of a total of 74 patients in the stemless
group with only eight patients in the stemless obese group and are not in agreement with
the larger body of literature, including the larger cohort in the present study.

Patient-reported outcome measures (PROMs) significantly improved in this study.
Compared to pre-operative values, the Knee Society Knee Score (KSS) improved by an
average of 34.5 points and 47.6 points at the six-week and one-year follow-up, respec-
tively. The six-week improvement in KSS exceeds the minimal important clinical difference
(MCID) of 9 points, and the one-year improvement exceeds the substantial clinical benefit
of 40 points [30]. The Knee Society Function Score (KSFS) also improved by 27.7 and
31.8 points in the first six months and one year, respectively, both exceeding the MCID of
10 points [30]. These results are comparable to other studies of the same knee system that
showed scores, exceeding those of MCIDs, of 35.3 and 26.3 point changes for the KSKS and
KSFS at two years, respectively [23], or substantial clinical benefits with a score of 49 for
both the KSKS and KSFS at five years [31]. We also found significant improvements in
quality of life through the first year that were maintained through the follow-up period.
The EQ5D-5L index increased by 0.4 points, which exceeded the MCID, and satisfied the
minimal important difference (SMID) change of 0.26 [33]. The improvement in EQ5D-5L of
80% found in this study is also comparable to the EQ-5D change reported in the UK NJR of
77.7% (0.35 points) [34].

This was an international study of Asian patients, and thus, the outcomes should
be considered with this population in mind. There is a higher expectation to perform a



Medicina 2023, 59, 2105 9 of 11

greater flexion ROM in this population due to cultural and religious necessity to perform
squatting, kneeling, and cross-legged sitting [35]. As such, a design that allows for up
to 155◦ of knee flexion is ideal for this population [36]. The flexion ROM significantly
improved by 9.1◦ up to the first-year follow-up in this study and then stabilized. The
mean flexion ROM at one-year follow-up was 124.5◦, which is in the 75th percentile based
upon a recent clinical reference chart following primary TKA [37] and comparable to other
studies investigating this same knee system [31,32]. Our ROM results are also comparable
to other PS knee systems in Asian cohorts that have reported the mean one- to three-year
flexion ROM between 110◦ and 135◦ and mean improvements in ROM between 1◦ and
24◦ [38–45]. However, caution should be taken when interpreting these results in the
context of other studies. Comparing the ROM between cohorts is problematic given that
pre-operative ROM is the strongest predictor of post-operative ROM [46], and patients with
higher pre-operative ROMs experience lesser improvements in the ROM post-operatively
compared to more restricted patients [47].

Limitations

First, as not all patients have completed the full five-year follow-up, the five-year
survival and PROMs data must be considered as preliminary and interpreted with caution.
Regardless, 395 patients were at risk at the beginning of the 5th year, which was greater than
the calculated necessary sample size of 328. Second, this study was limited to the evaluation
of a fully cemented, fixed bearing, posterior-stabilized bearing in an anatomic knee system
and did not contain a comparator group of another modern implant. Consequently, it is
difficult to compare our results with the long-term outcomes of other implants. Third, these
results may not be generalizable to the western population. Compared to western TKA
patients, Asian patients are reported to have a lower body weight and present a higher
proportion of varus constitutions (35% vs. 24.5%) [35]. Finally, the proportion of females
(85.5%) to males (14.5%) is similar to the demographics reported for Korean TKA patients
(1:11.6) (Kim 2015) but greater than the frequency reported by the Osteoarthritis Institute
for TKA in western patients (59% female) [48] and may not be generalizable to populations
with different gender ratios.

5. Conclusions

This study supports the excellent survivorship and PROMs of an anatomic system
using fixed bearing, posterior-stabilized components and demonstrates the low incidences
of aseptic loosening (0.3%) and complications at early- to mid-term follow-up in an interna-
tional Asian population. These findings are of particular importance as this population is
underrepresented in the TKA research and has greater ROM demands. Ongoing observa-
tions are being performed to investigate the mid- to long-term survivorship and clinical
outcomes associated with this knee system.
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