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Background and purpose — Arthroplasty registries 
report revision risk, but patient-reported outcomes may 
also measure implant performance. We aimed to evaluate 
(i) change in patient-reported outcome measures (PROMs) 
across multiple total knee arthroplasty (TKA) designs in a 
regional registry, (ii) the association of patellar resurfacing 
on the change in PROMs, and (iii) the variation in PROMs 
change within implants with or without patellar resurfacing.

Methods — This is a cohort of primary TKAs from 
Michigan Arthroplasty Registry Collaborative Quality Ini-
tiative (MARCQI) performed between January 1, 2017 and 
September 30, 2021. The dependent measure was change in 
KOOS JR. Independent variables were implant name and 
patellar resurfacing. Multivariate modeling adjusted for 
patient-level factors. A previous report suggests a change 
of 23 points in KOOS JR as clinically relevant in achieving 
acceptable pain/function levels. A clinically relevance ratio 
(CRR) of those achieving the threshold of 23 points to the 
overall group was calculated for each implant.

Results — 18 implant designs met the inclusion criteria. 
There were 51,606 cases with complete preoperative and post-
operative KOOS JR matched pairs. There was variation in 
improvement from preoperative to postoperative unadjusted 
KOOS JR scores across implant designs (P < 0.001), ranging 
from 18.7 (95% confidence interval [CI] 16.8–20.6) to 27.0 (CI 
24.9–29.2). Patellar resurfacing resulted in greater KOOS JR 
improvement 1.0 (CI 0.5–1.5, P < 0.001). Of the cases with 
resurfaced patellae, the CRR was 50.2% (CI 49.7–50.7). For 
cases without resurfaced patellae, the CRR was 47.2% (CI 
45.9–48.5). The association of implant design persisted whether 
the patella was resurfaced or not, evident in the adjusted mean 
change in KOOS JR (P < 0.001), ranging from 20.1 (CI 17.6–
22.6) to 25.5 (CI 24.3–26.7) for resurfaced and from 17.0 (CI 
13.9–20.1) to 23.3 (CI 20.3–26.2) for not resurfaced, and the 
CRR difference (P < 0.001), ranging from 45.8% (CI 42.5–
48.6) to 55.8% (CI 50.4–60.8) for resurfaced and from 37.9% 
(CI 27.4–44.7) to 51.4% (CI 43.9–56.6) for not resurfaced. 

Conclusion — Implant design and patellar resurfacing 
both show an association with KOOS JR improvement. Vari-
ations in implant design persist whether the patella is resur-
faced or not. Implant selection and patellar resurfacing may 
be associated with patient outcomes.

Total knee arthroplasty (TKA) is a common procedure with 
nearly 800,000 performed annually in the USA. The Ameri-
can Joint Replacement Registry reported in 2022 a range of 
7-year revision risk for TKA from 1.0% to 2.5% in patients 
aged 65 and above [1]. As a comparison, the MARCQI 
7-year revision risk for TKA ranged from 1.3% to 5.4% in 
patients 18 years and above using data from 2012 to 2022 
[2]. These results suggest that improvements may be made to 
reduce revision risk, but revision risk is not the only outcome 
patients or surgeons care about. The primary reason most 
patients present for TKA is pain and limitation in function. 
As such, patient-reported outcome measures (PROMs) have 
become an important part of patient care and are increas-
ingly collected in the United States and around the world. As 
PROMs collection improves and the clinical use of PROMs 
increases, more detailed analysis of outcomes by implant and 
technique may be possible.

If implant design was shown to be associated with improve-
ment in PROMs scores, it might have the potential to guide 
future design innovations as well as clinical decision-making 
in terms of implant selection and possibly whether to resurface 
the patella. Most studies using PROMs to compare implant 
designs are limited to comparing 2 implant brands [3-9], 
although Baker et al. [10] compared 5 knee brands. Other 
studies evaluate a general type of implant such as a rotating 
platform, anterior lip CR insert, medial stabilized, and coated 
implants for metal allergy.

By using data from the Michigan Arthroplasty Registry 
Collaborative Quality Initiative (MARCQI) the association 
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of implant design and patellar resurfacing on PROMs was 
assessed. The purpose was to answer 3 questions: (i) Is TKA 
implant design associated with a change in PROMs, specifi-
cally KOOS JR, in a regional arthroplasty registry containing 
multiple implant designs? (ii) Is patellar resurfacing associ-
ated with a change in PROMs? (iii) Is there variation in the 
PROMs change within implant designs with or without patel-
lar resurfacing?

Methods
Study design and setting
We collected data prospectively from 2012 via Michi-
gan Arthroplasty Registry Collaborative Quality Initiative 
(MARCQI). MARCQI is a state-wide collaborative of sur-
geons, hospitals, and ambulatory surgery centers dedicated to 
improving the quality of care for elective hip and knee arthro-
plasty patients in the state of Michigan [11-13]. At the time of 
study, it consisted of 76 participating facilities (64 hospitals, 
4 hospital outpatient departments, and 8 ambulatory surgery 
centers) and captured approximately 96% of arthroplasty 
cases throughout the state of Michigan, which has a popula-
tion of 10.14 million. Our data therefore represents a reason-
able proxy of the real-world outcomes of implants used by a 
large set of surgeons with varied practice settings and volumes 
in a large patient population.

The MARCQI registry contained data on 245,499 knee 
arthroplasty cases from February 15, 2012 to December 31, 
2021. PROMs collection within MARCQI began in 2012, 
but MARCQI standardized collection for knees using Knee 
Injury and Osteoarthritis Outcome Score for Joint Replace-
ment (KOOS JR), and Patient-Reported Outcomes Mea-
surement Information System Global-10 (PROMIS 10) on 
January 1, 2015. MARCQI functions under a determination 
of “not regulated” status (45 CFR 46) by the University of 
Michigan’s Institutional Review Board as a quality improve-
ment organization.

This study is reported according to STROBE guidelines

Participants/study subjects
The main inclusion criteria were elective primary TKA per-
formed between January 1, 2017 and September 10, 2021 at 
a participating MARCQI site (N = 115,967). Revision cases, 
unicompartmental surgery, or cases outside the study period 
(before January 1, 2017 or after September 10, 2021) were 
excluded. Cases needed to have preoperative and postopera-
tive PROMs scores in the database. Implants with fewer than 
500 cases in the registry, and fewer than 100 preoperative and 
postoperative matched pairs of KOOS JR scores were then 
excluded. The 100-pair threshold was based on an analysis of 
the data, balancing the number of implants that met the thresh-
old and the width of the 95% confidence interval and number 
of degrees of freedom in the statistical models. 18 implant 

designs met the criteria for evaluation. The number of com-
plete pairs and associated completion rate for each included 
implant design and preoperative KOOS JR scores for each 
implant are shown in Table 1.

Data collected
Patient demographics (Table 2), surgical data, perioperative 
data, adverse event data (within 90 days of surgery), and 
implant catalog numbers were collected by trained clinical 
data abstractors at each MARCQI-specific site and uploaded 
to the registry database. The patients in the study group are 
comparable to the overall TKA population within MARCQI 
as evidenced by the similarity of demographic variables in 
both groups (Table 3). PROMs data collection is requested 
from all MARCQI sites, and hospitals and surgeons are incen-
tivized by BCBSM through pay for performance and value-
based reimbursement programs. The KOOS JR and PROMIS-
10 PROMs were collected preoperatively and postoperatively 
for TKA patients. Method of collection was left to the site to 
determine, although a centralized digital system with email 
reminders was provided as an option. Sites collected PROMs 
using paper, tablet, and email methods. Suggested timepoints 
for postoperative collection were 2–16 weeks, 4–6 months, 1 
year, 2 years, 4 years, out to a limit of 10 years.

Catalog numbers were processed using an implant library 
[14] provided by Curvo Labs (Evansville, IN, USA) to pro-
duce the product name for each implanted device used in the 
analysis. The individual catalog numbers corresponding to 
each implant product name are available in the supplementary 
materials for the 2022 MARCQI annual report [15]. A case 
was determined to have patellar resurfacing if a patellar com-
ponent was implanted.

Table 1. PROMs: pre- and postoperative pairs by implant and mean 
preoperative KOOS JR (standard deviation) score by implants in the 
study

 			   Preoperative
 		  Match	 KOOS JR
Implant 	 n	 rate	 mean (SD)

Persona/Persona	 16,894	 65	 47 (13)
Triathlon/Triathlon	 10,150	 61	 48 (13)
Triathlon/Triathlon TS	 5,954	 56	 48 (14)
Vanguard/Maxim	 4,207	 63	 48 (13)
Attune/Attune	 3,187	 63	 47 (13)
Legion/Genesis II	 2,631	 63	 48 (13)
Journey II/Journey	 2,193	 65	 47 (13)
Evolution MP/Evolution MP	 1,451	 63	 47 (13)
NK II GS/NK II	 815	 68	 49 (12)
Sigma PFC/Sigma	 376	 50	 49 (14)
LCS Complete/M.B.T.	 331	 65	 49 (12)
NexGen LPS Option/NexGen TM	 261	 89	 45 (13)
Journey II BCS/Journey	 240	 58	 44 (13)
Vanguard/Maxim Mono-Lock	 233	 56	 46 (11)
Sigma PFC/Sigma PFC	 135	 70	 48 (11)
Sigma/M.B.T.	 132	 60	 44 (14
iBalance/iBalance	 128	 48	 49 (13)
NexGen Precoat/NexGen Precoat	 102	 47	 49 (12)
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Outcome
The outcome measure 
was the change in KOOS 
JR score from preopera-
tive to postoperative. The 
change or delta score 
was the postoperative 
score minus the 90-day 
preoperative score. The 
postoperative scores 
from the date of surgery 
to 1 month were not used 
because of rapid change 
during this early recovery 
period. After 1 month, 
delta scores remained 
relatively stable with 
gradual changes over 
time. Because of the rela-
tive stability, delta scores 
were compared using 
available postoperative 
scores obtained any-
where between 1 month 
and 1 year post-surgery. 
If multiple postoperative 
scores were available, 
the most recent one was 
used, to reflect the cur-
rent status of the patient.

The KOOS was devel-
oped to evaluate both 
the short- and long-term 
symptoms and function 
of patients with several 
types of knee injury 
and osteoarthritis. Prior 
to KOOS, the Lysholm 
knee score focused on 
short-term consequences 
and the WOMAC 
Osteoarthritis Index 
focused on long-term 
consequences of injury. 
KOOS has 42 items in 5 

surveys and low follow-up rates. (The KOOS – PS physical 
function short form is shorter, but ignores pain, which is an 
important symptom in osteoarthritis.) To address these con-
cerns, the Knee Injury and Osteoarthritis Outcome Score for 
Joint Replacement (KOOS JR) was developed as a 7-item 
survey to reflect knee health in measures of pain, symptom 
severity, and ADLs including movements or activities directly 
relevant and difficult with advanced knee osteoarthritis. The 
questions in KOOS JR are: 1 (symptom): How severe is your 
knee joint stiffness after first wakening in the morning?, 2 
(pain): Twisting/pivoting on your knee, 3 (pain): Straighten-
ing knee fully, 4 (pain): Going up or down stairs, 5 (pain): 
Standing upright, 6 (ADL): Rising from sitting, 7 (ADL): 
Bending to floor/pick up an object. Both KOOS and KOOS 
JR use a 0–100 scale with 0 representing the worst and 100 the 
best possible knee [17]. 

Cowen et al. sought to interpret the composite context of 
KOOS JR scores, in terms of the more discrete anchor ques-
tions of the PROMIS-10 pain and function items. The least 
favorable “much pain, poor function” category preoperatively 
had mean KOOS JR scores of 40. Mixed levels of pain and 
function had mean scores between 46 and 55. The most favor-
able “less pain, good function” category had mean scores of 
59. The adjusted delta to achieve the less pain level of < 3 or 
perform most activities was 27 (CI 22–29) on the KOOS JR 
scale. They suggest the lower confidence boundary of 22 as a 
threshold for significant clinical benefit [18].

The average improvement within the study group was 23, 
which approximates this threshold and was chosen for the 
CRR threshold. A lower threshold of 20 has been proposed 
[19] and adopted by CMS [20]. The lower value may reflect a 

Table 2. Descriptive statistics of 
variables included in the analysis

Variables	 n (%)

Sex
 Female	 31,732 (62)
 Male	 19,869 (39)
 Unknown/missing	 < 10 (< 0.1)
Race
 Black	 3,694 (7.2)
    White	 46,057 (89)
    Other	 1,855 (3.6)
Marriage 
 Yes	 34,930 (68)
 No	 16,423 (32)
 Unknown/missing	 253 (0.5)
Diabetes 
 Yes	 10,738 (21)
 No	 40,843 (79)
 Unknown/missing	 25 (< 0.1)
Assistive devices
 Yes	 13,460 (26)
 No	 37,802 (73)
 Unknown/missing	 344 (0.7)
Bleeding disorder
 Yes	 427 (0.8)
 No	 51,169 (99)
 Unknown/missing	 10 (< 0.1)
History of DVT/PE
 Yes	 3,888 (7.5)
     No	 47,704 (92)
Narcotics
 Yes	 10,329 (20)
 No	 41,277 (80)
 Unknown/missing	 < 10 (< 0.1)
ASA
 I/II	 24,752 (48)
 III/IV	 26,843 (52)
 Unknown/missing	 11 (< 0.1)
Primary payer
 Commercial	 10,534 (20)
 Medicaid	 1,499 (2.9)
 Medicare	 28,400 (55)
 Other	 11,173 (22)
Education class
 Yes	 37,272 (72)
 No	 13,895 (27)
 Unknown/missing	 439 (0.9)
Number of midnights
 0	 4,914 (9.5)
 1 	 29,941 (58)
 ≥ 2	 16,751 (32)

DVT/PE = Deep vein thrombosis or 
pulmonary embolism; ASA = Ameri-
can Society of Anesthesiologists.

separately scored subscales: 1–Pain (9 items), 2–Symptoms (7 
items), 3–ADL Function (17 items), 4–Sport and Recreation 
Function (5 items), 5–Quality of Life (4 items). It has been 
validated in populations with varying situations of disease, 
duration, age, and activity level as well as treatment includ-
ing ACL reconstruction, knee arthroscopy, meniscectomy (16 
years previously), and knee arthroplasty [16].

Because the KOOS survey is relatively long, it can be dif-
ficult to use in the clinic setting, often resulting in incomplete 

Table 3. Demographics for all primary TKA (115,967) and eligible 
patients for the study cohort (n = 51,606) during the study period

 	 TKA study cohort	 All primary TKA
Variables	 (n = 51,606)	 (n = 115,967)

Age a	 67 (9.0)	 67 (9.3)
Female, n (%)	 31,732 (62)	 71,827 (62)
Height, cm a	 169 (11)	 169 (11)
Weight, kg a	 95 (21)	 95 (21)
Body mass index a	 33 (6.6)	 33 (6.7)
Smoking status, n (%)		
    Never	 27,761 (54)	 61,426 (53)
    Previous	 19,716 (38)	 43,481 (38)
    Current	 4,035 (7.8)	 10,832 (9.3)
    Unknown/missing	 94 (< 1)	 228 (< 1)
ASA class, n (%)		
    I	 585 (1.1)	 1,327 (1.1)
    II	 24,167 (47)	 53,847 (46)
    III	 26,268 (50)	 59,351 (51)
    IV	 575 (1.1)	 1,410 (1.2)
    Unknown/missing	 11 (<1)	 32 (< 1)
Length of stay, hours a	 38 (26)	
Preoperative KOOS JR a	 47 (13)	

a Mean (standard deviation).
ASA = American Society of Anesthesiologists.
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sense of improvement, but not necessarily indicate adequate 
pain control and performance of daily activities [18]. 

Statistics
Both the mean change score and clinical relevance ratio (CRR) 
were analyzed by implant design. The CRR dichotomizes out-
comes relative to a threshold of clinical importance by reporting 
those that achieve the threshold at a given time point divided 
by the total number of patients in the study using the implant. 
The CRR is an attempt to minimize the effect of patients who 
are lost to follow-up over time [21]. Using generalized linear 
mixed models (GLMMs) [22,23] with logit link function for 
binomial distribution (achieving the improvement threshold vs 
not achieving the threshold in KOOS JR scores), CRR with 
KOOS JR scores were adjusted with models using covariates 
age (years old, continuous variable), sex (male, female), body 
mass index (BMI, less than 20, 20–30, 30–40, and ≥40), length 
of stay by number of midnights, race (white, black, other), 
marriage (yes vs no), assistive device (yes vs no), history of 
DVT/PE (yes vs no), narcotics (yes vs no), ASA (I/II vs III/IV), 
primary payer (commercial, Medicaid, Medicare, other), surgi-
cal approach (medial parapatellar, mid-vastus VMO splitting, 
and others), preoperative mental score on PROMIS-10 (con-
tinuous variable), preoperative physical score on PROMIS-10 
(continuous variable), preoperative KOOS JR score (continu-
ous variable), time prior to surgery for preop PROMs (weeks, 
continuous variable), time following surgery for postop 
PROMs (weeks, continuous variable). The covariates as fixed 
effects were determined by the fusion of clinical relevance and 
statistical test. Clinically, various reports note age, sex, BMI, 
comorbidities such as diabetes, and the ASA score to be associ-
ated with surgical risks and potential complications affecting 
outcomes reflected in PROMs scores. Preoperative pain and 
functional scores are felt to be strong predictors of postopera-
tive pain and functional outcomes [24]. Statistically, the thresh-
old for the covariates is P < 0.05, except for marital status (P 
= 0.07), preoperative KOOS JR (P = 0.5), and assistive device 
(P = 0.5). The implant was treated as random effect to account 
for the multilevel data. The 95% confidence interval (CI) for 
CRR was obtained by bootstrapping 100 times. The analysis 
was further stratified by patellar resurfacing (absent vs pres-
ent). All statistical analyses were performed using SAS (Ver-
sion 9.4, SAS Institute, Cary, NC, USA).

Ethics, data sharing plan, funding, use of AI, and 
disclosures 
MARCQI functions under a determination of “not regulated” 
status (45 CFR 46) by the University of Michigan’s Institu-
tional Review Board as data is collected as part of a qual-
ity improvement organization. Patient data was anonymous 
within the research dataset. There was no use of AI with this 
study. Support for the Michigan Arthroplasty Registry Col-
laborative Quality Initiative is provided by Blue Cross and 
Blue Shield of Michigan and Blue Care Network as part of 

the BCBSM Value Partnerships program. This study is part of 
the quality improvement programs supported by BCBS, but 
there was no direct funding for the study. Although Blue Cross 
Blue Shield of Michigan and the Michigan Arthroplasty Reg-
istry Collaborative Quality Initiative work collaboratively, the 
opinions, beliefs, and viewpoints expressed by the author do 
not necessarily reflect the opinions, beliefs, and viewpoints 
of BCBSM or any of its employees. DM receives royalties 
from Smith & Nephew and is a consultant for Stryker and 
Smith & Nephew. Otherwise, there are no personal financial 
relationships that present a conflict, but salary support for 3 
co-authors comes to the University of Michigan from Blue 
Cross Blue Shield of Michigan. Complete disclosure of inter-
est forms according to ICMJE are available on the article 
page, doi: 10.2340/17453674.2025.44250

Results

The initial cohort included 126,508 primary knee arthroplas-
ties performed between January 2017 and September 2021. 
After excluding 10,541 other knee arthroplasties, 115,967 
eligible TKAs remained. TKAs with preoperative KOOS JR 
(72,670) and TKAs with postoperative KOOS JR (62,465) 
were correlated, resulting in a study population of 51,606 
TKAs with matched preoperative and postoperative KOOS 
JR (Figure 1).

Is TKA implant design associated with a change in 
PROMS (KOOS JR) across implant designs?
TKA implant design was associated with unadjusted KOOS 
JR (P < 0.001), with improvements ranging from 18.7 (CI 
16.8–20.6) to 27.0 (CI 24.9–29.2), and adjusted change (P < 
0.001), with improvements ranging from 20.1 (CI 17.6–22.6) 
to 25.5 (CI 24.3–26.7). The mean change in KOOS JR score 

All primary knee arthroplasties registered  
in the Michigan Arthroplasty Registry 

Collaborative Quality Initiative (MARCQI) 
from  January 2017 to September 2021

n = 126,508  

Excluded
Other knee arthroplasties than TKA

n = 10,541

Eligible TKAs
n = 115,967

TKAs with preoperative KOOS JR
n = 72,670

TKAs with postoperative KOOS JR
n = 62,465

Analysis: Matched pairs of TKAs
with preoperative and postoperative

(30 days to 12 months) KOOS JR
n = 51,606 

Figure 1. Flow diagram of cases illustrating how the final analytical 
dataset was generated from the MARCQI registry.
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was 23 points. Of the 18 implants, 5 had CIs for KOOS JR 
change that were below the MARCQI average of 23 (Figure 
2). 2 had CIs entirely above 23. The remainder overlapped the 
MARCQI average. The CRR also showed substantial variation 
(Figure 3). 3 implants had CIs entirely below the MARCQI 
average CRR of 50%, and 3 had CIs above the average. The 
other 12 CIs overlapped the average.

Is patellar resurfacing associated with a  change in 
PROMs?     
Patellar resurfacing was associated with KOOS JR improve-
ment as well as adjusted KOOS JR improvement. The overall 
rate of patellar resurfacing in cases included in the MARCQI 
dataset that have matched preoperative and postoperative pairs 
was 88.6%. The mean difference in change of KOOS JR score 
between knees with resurfaced patellae and unresurfaced 
patellae in the entire MARCQI dataset was 0.87 (CI 0.39–
1.34, P < 0.001), with resurfacing having the greater improve-
ment. Only 17 implants met the requirement that the implant 
have at least 500 cases in the registry in which the patella was 
resurfaced and 100 complete KOOS JR pairs. Because of the 
lower frequency of unresurfaced patellae in the dataset, only 
7 implants met the 500 case and 100 KOOS JR threshold. The 
mean difference in KOOS improvement between cases with a 
resurfaced patella and unresurfaced patella was 1.02 (CI 0.53–
1.52, P < 0.001), with resurfacing having more improvement.

Variation in PROMs change within implant designs 
with or without patellar resurfacing           
The association of TKA implant design with change in KOOS JR 
persisted within implants having the patella resurfaced (Figure 
4, P < 0.001), ranging from 20.1 (CI 17.6–22.6) to 25.5 (CI 

24.3–26.7) and with patella unresurfaced (Figure 4, P < 0.001) 
ranging from 17.0 (CI 13.9–20.1) to 23.3 (CI 20.3–26.2). CRR 
results also showed variation for patellar resurfacing (Figure 5), 
ranging from 45.8% (CI 42.5–48.6) to 55.8% (CI 50.4–60.8), 
and not resurfacing (Figure 5), ranging from 37.9% (CI 27.4–
44.7) to 51.4% (CI 43.9–56.6). Of the cases with resurfaced 
patellae, the CRR was 50.2% (CI 49.7–50.7). For cases without 
resurfaced patellae, the CRR was 47.2% (45.9–48.5). The dif-
ference was significant at P < 0.001 level. It is noteworthy that 
while some implants had only a small change between patellar 
resurfacing and not resurfacing, the association was much more 
pronounced for other implants. The smallest difference in point 
estimates was 0.31 and the largest was 6.07 points. With patel-
lar resurfacing, 6 implant designs had CIs entirely above the 
MARCQI average of 23 (Figure 4) and 2 implant designs had 
CIs entirely below 23 points. The other 9 implant designs over-
lapped the MARCQI average when the patella was resurfaced. 
No implant designs with patella unresurfaced had CIs entirely 
above MARCQI average (Figure 4). 2 implant designs with 
patella unresurfaced had CIs entirely below the MARCQI aver-
age. The remaining 5 implant designs, when performed without 
patellar resurfacing, had CIs overlapping the MARCQI aver-
age. There were 2 implants that had CRR CIs entirely < 50% 
with patellar resurfacing (Figure 5). There were 2 implants with 
CIs below 50% without patellar resurfacing (Figure 5). 

Discussion

We aimed to evaluate (i) change in patient-reported outcome 
measures (PROMs) across multiple total knee arthroplasty 
(TKA) designs in a regional registry, (ii) the association of 

Evolution MP / Evolution MP
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iBalance / iBalance

Sigma PFC / Sigma PFC
Persona / Persona

NexGen Precoat / NexGen Precoat
Triathlon / Triathlon TS

Vanguard / Maxim
Triathlon / Triathlon

Attune / Attune
Journey II BCS / Journey

Sigma PFC / Sigma
LCS Complete / M.B.T.

Sigma / M.B.T.
Vanguard / Maxim Mono-Lock

NexGen LPS Option / NexGen TM
NK II GS / NK II

10 15 20 25 30
Adjusted mean change in KOOS JR and 95% confidence interval

MARCQI mean improvement = 23 points
Journey II / Journey

Evolution MP / Evolution MP
Legion / Genesis II

NexGen LPS Option / NexGen TM
NexGen Precoat / NexGen Precoat

Sigma PFC / Sigma PFC
Triathlon / Triathlon
Vanguard / Maxim

Attune / Attune
Sigma PFC / Sigma

Sigma / M.B.T.
Journey II BCS / Journey

iBalance / iBalance
LCS Complete / M.B.T.

Vanguard / Maxim Mono-Lock
NK II GS / NK II

Triathlon / Triathlon TS
Persona / Persona

20 30 40 50 60 70 80
Clinical relevance ratio (%) of KOOS JR and 95% confidence interval

MARCQI mean = 50%

Figure 2. Adjusted mean change in KOOS JR. 5 implant designs had 
95% confidence intervals for KOOS JR change that were below the 
MARCQI average of 23: Evolution MP/Evolution MP, iBalance/iBal-
ance, Journey II/Journey, Legion/Genesis II, and Vanguard/Maxim 
Mono-Lock. 2 had 95% confidence intervals entirely above 23: 
NexGen LPS Option/NexGen TM and NK II GS/NK II. The remainder 
had confidence intervals that overlapped the MARCQI average.

Figure 3. Clinical relevance ratio of KOOS JR change. 3 implant 
designs had 95% confidence intervals entirely below the MARCQI 
average CRR of 50%: Evolution MP/Evolution MP, Journey II/Jour-
ney, and Legon/Genesis II. 3 had 95% confidence intervals above the 
average: NK II GS/NK II, Persona/Persona, and Triathlon/Triathlon TS. 
The remainder had confidence intervals that overlapped the MARCQI 
average.
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patellar resurfacing on the change in PROMs, and (iii) the 
variation in PROMs change within implants with or without 
patellar resurfacing. We showed that there was significant 
variation in PROMs improvement between implant designs 
with 3 implants below, 3 above, and 12 overlapping the aver-
age CRR of 50% of patients achieving significant improve-
ment. In comparison, a variety of studies investigate PROMs 
increases, but most focus on either a single implant [25-27] or 
just comparing 2 [3-9] and therefore do not give as broad an 
overview of the impact of implant design. Baker et al. [10] 
evaluated PROMs for multiple implants using data from a 
national arthroplasty registry, similar to this study. However, 
that analysis used the Oxford Knee Score and EQ-5D outcome 
measures, so their results are not directly comparable. That 
study also found variation in PROMs improvement across 
implant designs. The National Joint Registry’s 2022 annual 
report showed that implant design is associated with Oxford 
Knee Score, but it did not identify score change by implant 
brand [28].

Our findings that different brands had significant variation 
in PROMs improvement may be explained by manufacturer 
implant design features. The manufacturer’s design rationales 
reflect changes made in different generations to achieve better 
function and more normal kinematics. But different manu-
facturers seem to have taken different tacks: for example, 
the Depuy Attune offers a multi-radius transition of the distal 
femur and posterior condyle in contrast with the Stryker Tri-
athlon’s single radius and shortened-flared posterior condyle to 

provide stability. Our results may reflect this type of variation.
Patellar resurfacing was positively associated with the 

change in PROMs, and although of questionable clinical sig-
nificance by itself, was associated with a 3% difference in the 
CRR. This could affect whether a surgeon or site meets the 
recently set Centers for Medicare & Medicaid Services (CMS) 
threshold of a CRR of 60%. There are no clear changes in 
PROMs whether the patella is resurfaced or not [10,29,30]. 
Because of this, some have concluded that the tibio-femoral 
articulation is more important in knee outcomes [31]. How-
ever, there are indications that not resurfacing the patella may 
lead to anterior knee pain, higher revision rate, and complica-
tions [32]. Using AJRR data, Eiel et al. found no difference 
in PROMs, but an odds ratio for revision of 1.21 when not 
resurfacing the patella [29]. The Norwegian Arthroplasty Reg-
ister reported 19% of revisions of TKAs with non-resurfaced 
patellae were for pain. 63% of patients with PROMs were sat-
isfied with the result [33]. Baker et al. [10] analyzed PROMs 
improvement using stepwise regression modeling but did not 
include patellar resurfacing in the final model.

The association of TKA implant design persisted within 
implants having the patella resurfaced or not. The difference 
in adjusted mean change in KOOS JR scores and CRR was 
statistically significant in both cases. Variation in degree of 
change among implants between patellar resurfacing and not 
resurfacing ranged from 1.48 to 5.82. 

Limitations
We did not do a formal sensitivity analysis with multiple 
imputation, but our study group was comparable to the over-

Figure 4. Adjusted mean change in KOOS JR in cases with patella resur-
faced in red. 2 implant designs with patella resurfaced had 95% confi-
dence intervals entirely below 23 points: Journey II/Journey and Legion/
Genesis II. 6 implant designs with patella resurfaced had 95% confidence 
intervals entirely above the MARCQI average of 23: Triathlon/Triathlon, 
Triathlon/Triathlon TS, Vanguard/Maxim, Persona/Persona, NK II GS/NK 
II, and NexGen LPS Option/NexGen TM. The other 9 implant designs 
with patella resurfaced had overlapping the MARCQI average. Adjusted 
mean change in KOOS JR in cases with patella not resurfaced in green. 
2 implant designs with patella not resurfaced had 95% confidence inter-
vals entirely below the MARCQI average: Evolution MP/Evolution MP 
and Legion/Genesis II. The remaining 5 implant designs with patella not 
resurfaced had 95% confidence intervals crossing the MARCQI average.

Figure 5. Clinical relevance ratio of KOOS JR change in cases with 
patella resurfaced in red. There were 2 implant designs that had 
CRR 95% confidence intervals entirely < 50%: Legion/Genesis II and 
Journey II/Journey. 2 implant designs had 95% confidence intervals 
entirely > 50%: Triathlon/Triathlon TS and Persona/Persona. All others 
had confidence intervals that overlapped 50%. Clinical relevance ratio 
of KOOS JR change in cases with patella not resurfaced in green. 
There were 2 implant designs that had CRR 95% confidence intervals 
entirely < 50%: Legion/Genesis II and Evolution MP/Evolution MP. All 
others had confidence intervals that overlapped 50%.
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all TKA population within MARCQI based on similar demo-
graphic variables, and a clinical relevance ratio was used to 
minimize the effect of patients lost to follow-up over time. 
Probably the most significant limitation is the small sample 
size for some implants. Thus, some of the confidence inter-
vals on KOOS JR improvement are large. Nevertheless, 
some differences between implant designs were observed. 
Another related limitation was that surveys were included 
from 1 month to 1 year after surgery. There is a suggestion 
that whether the patella is resurfaced or not is associated with 
KOOS JR improvement. This association may be more pro-
nounced for some implants than others. The difference noted 
was quite small and may not be clinically significant because 
of confounding by indication.

Conclusion
Implant design and patellar resurfacing were both associated 
with KOOS JR improvement. Variations in implant design 
persist whether the patella is resurfaced or not. Implant selec-
tion and patellar resurfacing may be associated with patient 
outcomes. As more data accumulates, these variations could 
be used as early indicators in the evaluation of implant func-
tion and help direct design rationales. Clinically they may 
help in implant choice and potentially whether to resurface 
the patella.
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