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Background and purpose — While registry studies have
suggested a higher risk of revision for posterior-stabilized
(PS) compared with posterior cruciate-retaining (CR) total
knee replacements (TKR) using cement, it is unknown
whether this is also the case for uncemented TKR. We
aimed to compare the revision rates of PS and CR designs in
patients receiving primary uncemented TKR.

Patients and methods — Data from the Dutch arthro-
plasty register (LROI) was analyzed, comprising 12,226
uncemented primary CR TKRs and 750 uncemented PS
TKRs registered between 2007 and 2022. Competing risk
and multivariable Cox regression analyses were used to com-
pare revision rates, risks of revision, and reasons for revi-
sion between groups. Sensitivity analyses were performed
to analyze the risk, concerning the 5 most commonly used
implants and performing hospitals for each group.

Results — Uncemented PS TKRs had higher 10-year
revision rates for any reason and aseptic loosening (6.5%,
95% confidence interval [CI] 4.6-9.2 and 3.9%, CI 2.6-6.7)
compared with uncemented CR TKRs (4.2%, CI 3.8—4.7 and
1.4%, CI 1.2-1.7). PS TKRs were 1.4 and 2.5 times more
likely to be revised for any reason and aseptic loosening,
respectively. These results remained consistent after adjust-
ment for age, sex, BMI, previous surgeries, bearing mobility,
and surface modification, with sensitivity analyses.

Conclusion — We found that uncemented PS implants
have a higher rate of revision than uncemented CR implants,
mainly due to a higher risk of aseptic loosening.

In general, the 2 most commonly used total knee replacement
(TKR) designs are posterior cruciate-retaining (CR) and pos-
terior stabilized (PS) systems [1]. The use of a PS system is
mainly indicated in cases of posterior cruciate ligament (PCL)
insufficiency but is currently in most cases dependent on the
surgeon’s preference and training. High-evidence studies
have shown no clinically significant differences regarding the
patient-reported outcome, pain, and function between the sys-
tems [2,3]. Yet it is hypothesized that PS systems may increase
stress transmission to their interfaces with the polyethylene
(PE) and bone, leading to a greater risk of wear, osteolysis,
and aseptic loosening [4]. This theory was confirmed by large
observational studies, finding a higher revision rate of PS
compared with CR implants, but including only cemented
implants [5,6]. Recent registry reports from Australia and the
Netherlands have also reported a higher risk of revision for
cemented implants with a PS compared with CR designs [7,8].
However, no analysis was performed restricted to uncemented
implants. The National Joint Registry from the United King-
dom identified a higher revision rate for uncemented TKR
with a PS design compared with a CR design, but the analysis
lacked correction for confounders and information on reasons
for revisions [9].

We aimed to investigate the likelihood of revision for unce-
mented PS implants compared with CR implants while adjust-
ing for potential confounders and to establish the primary
causes of revision. Our hypothesis was that uncemented PS
implants have a higher risk of revision than uncemented CR
implants, mainly due to aseptic loosening.
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Patients and methods

Study design

Our study is an observational study using data from the
Dutch Arthroplasty Register (Landelijke Registratie Ortho-
pedische Interventies [LROI]). Data is reported according to

the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [10].

Setting

Since the inception of the LROI in 2007, data on all patients
and procedures is anonymized and routinely collected unless
patients opt out from the data collection. All Dutch hospitals
participated in the data registration from 2012, with a current
total data completeness of 97% for both primary and revision
TKRs [7]. Reasons for revisions are documented through an
online form immediately postoperatively. To validate out-
comes, revision rates for various reasons are anonymously
compared among healthcare providers, aiming to identify out-
liers based on performance or registration practices. Encrypted
social security numbers are linked to the Dutch national insur-
ance database twice a year, to connect primary and revision
TKRs and identify deaths [7].

Participants

All patients who received an uncemented primary TKR for
end-stage osteoarthritis between 2007 and 2022 were eligible
for the study. Cases were excluded from the study if the fixa-
tion was not uncemented, the TKR was neither CR nor PS, or
in any case where this was unknown.

Variables

The primary outcome measure was the revision rate for any
reason as an endpoint. A revision was defined as the removal,
exchange, or addition of 1 or more components. Reasons for
revision were registered in the LROI at the time of revision
surgery, without incorporation of the results of intraopera-
tive cultures, as these most often were not yet available at the
moment of registration. Revisions that include only patellar
resurfacing, or debridement, antibiotics, and implant retention
(DAIR), with or without insert exchange, were excluded from
the endpoint. The secondary outcome measure was the revi-
sion rate for aseptic loosening, with removal or exchange of
at least a femoral or tibial component (major revision), with-
out the presence of signs of infection. Either endpoint was
assessed at 5- and 10-year follow-up.

For each patient, demographic and surgical details, includ-
ing age, sex, body mass index (BMI), Charnley classification
(A, B1, B2, or C), American Society of Anesthesiologists
grade (ASA I, II, or III-IV), smoking status, previous surger-
ies to the index knee (e.g., meniscectomy, osteotomy, ACL
reconstruction, osteosynthesis, synovectomy, arthroscopy, and
patellar realignment), surgical approach, anonymized implant
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Figure 1. Directed acyclic graph representing the direct causal and
associations between variables, the exposure (bearing constraint),
and outcome (implant revision risk). Arrows represent the direction of
causality or association between variables.

design, bearing mobility (fixed bearing [FB] or mobile bear-
ing [MB]), polyethylene (PE) material (ultrahigh molecular
weight PE [UHMWPE] or highly crosslinked PE [HXLPE]),
component surface modification (porous metal —hydroxyapa-
tite (HA), porous metal —uncoated, grit-blasted uncoated, or
grit-blasted-titanium-nitride, trabecular metal), and anony-
mized performing hospital were collected. All data has been
collected since 2007, except BMI, smoking status, and Charn-
ley classification, which have only been registered since 2014.

Potential confounders were identified, based on the criteria
of Rothman et al. [11] and depicted in a directed acyclic graph
(DAG) [12]. Demographic factors such as age, BMI, ASA
classification, smoking, and Charnley score have been found
to be associated with revision [14]. However, these factors
do not affect the choice between CR or PS implants (except
possibly for age and BMI). Previous knee surgery was con-
sidered a potential confounder because a previous high tibial
osteotomy or removed or damaged PCL during an earlier pro-
cedure could interfere with the choice between a CR or PS
implant. Bearing mobility (e.g., FB or MB) [13] and surface
modification [14] are considered to be associated with revi-
sion rates but are also part of implant design and hence associ-
ated with PS or CR. However, as many manufacturers have
multiple bearing-constraint options for the same implant, this
is considered minimally influential. Taken together, potential
confounders included in the model were considered and visu-
alized in a DAG (Figure 1).

Statistics

Baseline characteristics are presented as means and standard
deviation (SD), median and interquartile range (IRQ), or fre-
quency and percentage. Cumulative crude revision incidences
were assessed using Kaplan—-Meier (KM) and competing-risk
time-to-event survival analyses for revision for any reason
and aseptic loosening at 5 and 10 years. Survival time was
defined as the time from primary arthroplasty to first revi-
sion, patient death, or the end of the study period (January 1,
2022). For KM analyses, deaths were censored observations,
assuming that the risk of revision is independent of the risk of
death. For competing risk analyses, deaths were considered a
competing event [16]. Tables and graphs show revision risks
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for any reason and aseptic loosening and their associated
95% confidence intervals (CI). Furthermore, an overview of
other risks of various revision reasons has been calculated
and presented. A log-minus-log transformation (with continu-
ity correction in case of zero events) was employed to calcu-
late the CI for the revision risks for different reasons, as the
event rates were small. The KM and competing-risk cumu-
lative revision incidences were compared to determine the
possible influence of death as a competing risk. Since both
analyses gave similar results, this justified using Cox regres-
sion models for the univariate and multivariate analyses to
estimate hazard ratios (HR) associated with implant revision
rates and their corresponding CI. We therefore only used the
competing risk model to calculate the revision risks. Schoen-
feld residuals were checked to ascertain model fit [17], which
showed no violation of the proportional hazard assumption
for both models (revisions for any reason and aseptic loosen-
ing). KM revision risks are presented in Table 5 (see Appen-
dix). In the Cox regression models, the CR group was used as
the reference group. An HR above 1.0 indicates that the PS
group had a higher likelihood of revision compared with the
CR group, while an HR below 1.0 suggests a lower likelihood
of revision for the PS group. The model was adjusted for pos-
sible confounders that were included in the DAG (Figure 1).
The models’ multicollinearity was assessed using the vari-
ance inflation factor (VIF), indicating no significant issues
when the VIF is lower than 5.0 [18].

To mitigate potential bias from underutilized prostheses or
low-volume hospitals, 2 sensitivity analyses were conducted.
Multivariable Cox regression analyses were performed on 2
restricted databases, each including only the 5 most commonly
used implants and the 5 highest volume hospitals within each
group over the follow-up period.

Missing data was addressed by omitting cases with a major-
ity of unknown variables. For variables with feasible imputa-
tion, a multiple imputation method was used to generate plau-
sible imputed values based on observed data. This approach
aimed to reduce the impact of missing data while considering
the probability of incorrect results [19]. R software version
3.4.2 (R Foundation for Statistical Computing, Vienna, Aus-
tria) using R packages “mstate” and “survival” were used to
perform the analyses [20,21].

Ethics, funding, and disclosures
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Uncemented primary total knee arthroplasties
for osteoarthritis recorded from 2007 to 2022
in the Dutch Arthroplasty Register
n=13,667

Excluded (n = 691):
—— - missing data, 659
- other constraints, 32

Included in the study (n = 12,976):
- cruciate retaining implants, 12,226
- posterior stabilized implants, 750

Figure 2. Flowchart of in- and exclusion.
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Results

In total, 13,667 uncemented primary TKRs initially met
the inclusion criteria. Exclusions were made for 32 cases
with different bearing designs and 659 cases where it was
not possible to determine if the TKR was of CR or PS type.
Consequently, the study focused on 12,976 uncemented pri-
mary TKRs, of which 12,226 were CR implants and 750 PS
implants (Figure 2).

Baseline

The median follow-up was 7 years (IQR 3-10) for the CR
group and 5 years (IQR 2-10) for the PS group. Patient demo-
graphics were comparable between the groups (Table 1). The
data was derived from 88 different hospitals, of which 22
(25%) never utilized a CR TKR system, and 20 (23%) never
utilized a PS TKR system. In comparison with the PS group,
the CR group had a greater variety of implants available with
24 designs compared with the PS group with 16 designs. The
CR group comprised a larger proportion of cases with pre-
vious surgery on the same knee (25% vs. 16%), a substan-
tially greater number of mobile bearing cases (82% vs. 13%),
and a higher percentage of components with a porous metal-
uncoated surface modification (Table 1).

There was some missing data for relevant variables such
as insert mobility (48 CR [1%]; 12 PS [2%]), surface modi-
fication (982 CR [8%]; 205 PS [27%]), previous surgery on
the same knee (678 CR [6%]; 69 PS [9%]), BMI (CR 5,756
implants [47%]; PS 290 implants [39%]), smoking (CR
5,970 [49%]; PS 291 [39%]), and Charnley score (CR 5,706
implants [47%]; PS 284 implants [38%]).

Revision for any reason

The 10-year revision rate for any reason was higher for the
PS group (6.5%, CI 4.6-9.2) compared with the CR group
(42%, CI 3.8-4.7) (Table 2 and Figure 3). Revision risks for
infection and aseptic loosening were also higher for the PS
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Table 1. Baseline characteristics. Values are count (%) unless oth-
erwise specified

Cruciate Posterior
Factor retaining stabilized
Patients 10,679 747
Knees 12,226 750
Implant designs 24 16
Follow-up in years, median (IQR) 7 (3—10) 5(2-10)
Age at surgery
< 50 years 243 (2) 22 (3)
50-59 years 1,800 (15) 121 (16)
60-69 years 4,191 (34) 266 (36)
70-79 years 4,423 (36) 254 (34)
= 80 years 1,562 (13) 85 (11)
Sex
Female 7,894 (65) 486 (65)
Male 4,314 (35) 261 (35)
BMI, mean (SD) 29 (5) 30 (5)
Preoperative smoking 582 (5) 35 (5)
Charnley score @
A 2,775 (23) 228 (30)
B1 2,072 (17) 151 (20)
B2 1,415 (12) 73 (10)
© 258 (2) 14 (2)
ASA classification
I 2,047 (17) 108 (14)
Il 8,295 (68) 485 (65)
nv 1,642 (13) 107 (14)
Previous knee surgery P 3,099 (25) 116 (16)
Bearing mobility
Fixed 2,218 (18) 644 (86)
Mobile 9,960 (82) 94 (13)
PE material
Ultrahigh molecular weight PE 10,345 (85) 585 (78)
Highly crosslinked PE 1,474 (12) 146 (20)
Highly crosslinked PE + antioxidant 260 (2) 14 (2)
Femur component surface modifications
Porous—HA 1,905 (15) 99 (13)
Porous—uncoated 8,935 (73) 23 (3)
Porous—TiN 697 (6) 2 (0)
Grit-blasted —uncoated 447 (4) 555 (74)
Grit-blasted—TiN 199 (2) 30 (4)
Trabecular metal 0 (0) 0 (0)
Tibial component surface modifications
Porous—HA 1,879 (15) 100 (13)
Porous—uncoated 9,502 (78) 20 (3)
Porous—TiN 81 (1) 5(1)
Grit-blasted —uncoated 514 (4) 470 (63)
Grit-blasted —TiN 186 (2) 1(0)
Trabecular metal 13 (0) 20 (3)

Numbers do not add up to total due to missing data.

ASA: American Society of Anesthesiologists; BMI: body mass index;

HA: hydroxyapatite; IQR: interquartile range; n: number; PE: polyeth-

ylene; SD: standard deviation; TiN: titanium nitride.

2 Charnley score divides patients into 4 categories: A = only 1 affected
knee joint, B1 = both knee joints affected, B2 = a knee prosthesis in
the contralateral knee joint, and C = multiple joints affected.

b Previous surgeries on the same knee were defined as any surgi-
cal procedure (e.g., meniscectomy, osteotomy, ACL reconstruction,
osteosyntheses, synovectomy, arthroscopy, and patellar realignment).

implants compared with the CR implants (Table 3). Multivari-
able Cox regression analyses revealed that PS implants had a
higher risk of revision for any reason than CR implants (crude

Table 2. 5- and 10-year revision rates (RR) for any reason and asep-
tic loosening of uncemented implants with cruciate-retaining (CR)
and posterior stabilized (PS) inserts

Total, Revisions for Revisions for
knees aseptic loosening any reason At risk @
Insert n n %RR (Cl) n %RR (Cl) n
5-year
CR 12,226 119 1.1 (0.9-1.3) 366 3.4 (3.1-3.7) 7,535
PS 750 13 21(1.2-35) 26 4.1(2.8-6.0) 370
10-year
CR 12,226 139 1.4 (1.1-1.6) 422 4.2(3.8-4.7) 3,238
PS 750 19 3.9(24-6.0) 34 6.5(4.6-9.2) 170

2 Total number of knees remaining in the study at the specified
follow-up.
n: number; Cl: confidence interval.

Table 3. Reasons for revision for uncemented implants with cruci-
ate-retaining and posterior stabilized implants at 10-year follow-up

Cruciate retaining Posterior stabilized

n=12,226 n =750

Factor n % (Cl) n % (ClI)
Infection 23 0.2 (0.1-0.3) 6 0.9(0.4-2.0)
Instability 183 1.9 (1.7-2.3) 7 1.4(0.6-3.0)
Polyethylene wear 18 0.3 (0.2-0.5) 1 0.3(0.0-24)
Aseptic loosening 139 1.4 (1.1-1.6) 19 8.9 (2.4-6.0)
Arthrofibrosis 33 0.3(0.2-0.5) 0 0.0(0.0-24"
Patellofemoral pain 50 0.6 (0.5-0.8) 4 1.1(0.4-3.3)

Number of revisions does not add up to the total number of revisions in
Table 2 due to the presence of multiple reasons for a single revision.
b Continuity correction (1 event)

HR 1.4, CI 1.0-2.0; Table 4, model 1). Also, after multivari-
able adjustment, the risk of revision for any reason was higher
for PS implants than for CR implants (adjusted HR 1.4, CI
0.6-3.2; Table 4, model 8).

Revision for aseptic loosening

Competing risk analysis, with aseptic loosening as the end-
point, over 10 years, revealed a higher rate of revision for
PS implants (3.9%, CI 2.4-6.0) than for CR implants (1.4%,
CI 1.1-1.6) (Table 2 and Figure 4). Using multivariable Cox
regression analyses, the crude risk of revision for aseptic loos-
ening was estimated to be 2.5 times higher for PS implants
than for CR implants (crude HR 2.5, CI 1.5-4.0; see Table 4,
model 1). After multivariable adjustment, an approximately
3-fold increased risk (adjusted HR 2.6, CI 0.6-11; Table 4,
model 8) of revision due to aseptic loosening was found for
PS implants compared with CR implants.

The results of sensitivity analyses were consistent with
the analyses of the full dataset when restricted to the 5 most
commonly used implants or the 5 highest-volume hospitals
(Table 4).
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Table 4. Multivariable Cox regression model on full and restricted dataset for revision
rates for any reason and for aseptic loosening of PS compared with CR implants (refer-
ence) after 10 years’ follow-up. Values are hazard ratios with (95% confidence intervals)

Full Restricted to Restricted to
Use of PS dataset 5 implants @ 5 hospitals 2
Revision for any reason
Crude® 1.4(1.0-2.0) 1.6(1.1-24) 2.0(1.2-3.2)
Adjusted for
Model 1: Age (5 categories ©) 1.4(1.0-2.0) 1.6(1.1-24) 1.8(1.1-2.9)
Model 2: Sex 1.4 (1.0-2.0) 1.6(1.1-2.4) 2.0(1.2-3.2)
Model 3: BMI 1.3(0.8-2.2) n/ad n/ad
Model 4: Previous knee surgery 15(1.1-22) 1.7(1.1-2.6) 2.2(1.3-3.7)
Model 5: Bearing mobility 21(1.4-81) 22(1.4-35) 2.6(1.3-5.0)
Model 6: Surface modification femur 1.3 (0.9-1.8) 1.4 (1.0-2.2) 2.1 (1.3-3.4)
Model 7: Surface modification tibia 1.5 (1.3-1.7) 1.2(0.8-2.0) 2.5(1.4-4.2)
Model 8: All above 1.4(0.6-3.2) 1.7(0.8-3.4) 2.1(1.0-4.5)
Revision for aseptic loosening
Crude ® 25(1.5-4.0) 23(1.3-42) 3.6(1.8-7.2)
Adjusted for
Model 1: Age (5 categories ©) 24(1.5-3.8) 23(1.3-43) 3.3(1.7-6.6)
Model 2: Sex 25(1.5-4.00 23(1.3-42) 3.6(1.8-7.2)
Model 3: BMI 3.0(1.3-6.7) n/ad n/ad
Model 4: Previous knee surgery 2.6(1.6-4.3) 2.4(1.3-45) 4.4 (2.2-8.8)
Model 5: Bearing mobility 41(23-74) 3.9(1.8-83) 7.9(3.5-17.6)
Model 6: Surface modification femur 2.2 (1.3-3.5) 2.3 (1.2-4.4) 4.5 (2.3-9.0)
Model 7: Surface modification tibia 1.9 (1.1-3.2) 1.8 (0.9-3.5) 5.6 (2.8-11.1)
Model 8: All above 2.6 (0.6-11.0) 4.0(1.4-11.4) 9.9 (4.0-24.7)

PS: posterior stabilized; CR: cruciate retaining; BMI: body mass index.
2 The restricted datasets contain only data on (1) the 5 most commonly used implants (CR
11,214 [92%]; PS 562 [75%]), (2) the 5 most performing hospitals per group (CR 8,596

[70%]; PS 267 [36%]).
b Crude = HR from univariable model.

¢ The 5 age categories include < 50; 50-59; 60-69; 70-79; and = 80 years.
d BMI has been registered by the LROI since 2014, resulting in a small sample size that

does not allow any meaningful analyses.

Cumulative incidence (%)
10

Posterior stabilized
Cruciate retaining

Cumulative incidence (%)
10

Posterior stabilized
Cruciate retaining

- T T
° 5 1 6 8 10 o 2 _ 4 & & 10
Years after index operation Years after index operation
Cruciate retaining Cruciate retaining
Atrisk 12,226 10,386 8,495 6,795 5136 3,238 | |Atrisk 12,226 10,559 8,703 6,984 5299 3,251
Events 0 243 346 380 404 422 Events 0 78 113 127 134 139
Posterior stabilized Posterior stabilized
Atrisk 750 605 425 322 253 170 Atrisk 750 620 436 330 261 177
Events 0 19 26 28 32 34 Events 0 7 13 14 17 19

Figure 3. Cumulative incidence with 95%
confidence intervals of revisions for any
reason of cruciate-retaining and posterior-
stabilized implants, calculated by competing
risk analysis.

Figure 4. Cumulative incidence with 95%
confidence intervals of revisions for aseptic
loosening of at least 1 component of cruciate-
retaining and posterior-stabilized implants,
calculated by competing risk analysis.

Discussion

We aimed, in this registry study, to com-
pare the revision rates of PS and CR
designs in patients receiving primary
uncemented TKR. The main finding
was that uncemented PS implants had a
1.4 times higher risk of revision for any
reason and a 2.5 times higher risk for
revision for aseptic loosening compared
with uncemented CR implants used in the
Netherlands from 2007 to 2022 during
follow-up of 10 years.

This study represents the first large
observational analysis that compares the
risks of revision between PS and CR
constraints, focused only on uncemented
TKR systems. However, our findings are
in line with previous observational stud-
ies that included only cemented CR and
PS TKR systems. The recent Dutch reg-
istry study by Spekenbrink-Spooren et al.
(2018) found PS cemented TKR systems
to be 1.3 (CI 1.2-1.4) times more likely
to receive a major revision than the CR
cemented TKR systems after a median
follow-up of 8 years. Moreover, the most
common reason for the revision of both
systems was aseptic loosening (PS (41%),
CR (27%); P < 0.001) [22]. Similar con-
clusions were drawn by the Australian
registry study of Vertullo et al. (2017), in
their effort to circumvent confounding by
indication, who compared patient groups
treated by high-volume surgeons who
preferred CR systems with those who
preferred PS systems [6]. The authors
found that the PS implants were more at
risk of revisions for any reason (HR 1.6,
CI 1.3-1.8]), aseptic loosening (HR 1.9,
CI 1.6-2.4), and infection (HR 1.5, CI
1.3-1.8), compared with CR implants.
Unfortunately, an analysis of uncemented
implants was not performed due to an
insufficient number of PS implants [6].
In the single high-volume institute study
of Abdel et al. (2011), the all-cause revi-
sion rate of CR implants was found to
be significantly lower than that of PS
implants (CR 4.3%, CI 4.9-3.7 vs. PS
7.8%,C16.6-9.0,P <0.001) [5]. This dif-
ference remained statistically significant
after they attempted to remove a potential
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selection bias, by stratifying for knees with and without pre-
operative deformity, which was at the time the main medical
indication for using a PS design [5].

Contrary to our findings, the most recent meta-analysis based
on 14 randomized controlled trials (RCTs), involving 1,453
patients with follow-up ranging from 0.5 to 6 years, reported
equivalent revision rates and functional outcomes between PS
and CR designs [23]. However, it is important to note that the
present and preceding meta-analyses are based solely on RCTs
involving cemented implants and may lack sufficient statistical
power and follow-up duration to adequately compare revision
rates. In an RCT on uncemented TKR with trabecular metal,
Wojtowicz et al. compared PS with CR in terms of fixation,
measured with radiostereometric analyses (RSA), and found
no clinically relevant differences [24]. Their results predicted
that, for trabecular metal, there would be no differences in
revision rates of aseptic loosening for PS compared with CR
tibial baseplates [24]. Notably, 3 observational studies, which
together assessed more than 450 uncemented PS TKRs with
trabecular metal, reported no revisions for aseptic loosening
after a follow-up period of 5 years [25-27], reinforcing the
robustness of the RSA results of the study of Wojtowicz et al.
[24]. These finding may seem to contradict our observed higher
revision rates for any reason and for aseptic loosening of PS
systems. However, only 33 trabecular metal tibial baseplates
were included in our study, so the type of uncemented fixation
may be an effect modifier. One notable distinction between
the 2 groups in our study is that the CR group predominantly
consisted of implants with a porous-uncoated surface, whereas
the PS group had grit-blasted-uncoated surfaces. This dispar-
ity may be associated with the presence of different implant
designs in each group, with potentially more modern designs
having porous metal surfaces.

The reason why PS implants could be more at risk of revi-
sion has not yet been determined, but it is theorized that sev-
eral factors may contribute to an increased risk. One possible
factor could be the release of microparticles by increased
post-wear, which can cause inflammation, ultimately leading
to implant loosening [28]. Another potential factor is the post
and cam mechanism used in PS implants, which can increase
load transfer to the tibial tray and result in micromotion at the
bone—implant interface. Also, suboptimal implant positioning
might increase stress on the bone—implant interface and con-
tribute to the development of micromotion and aseptic loosen-
ing [28]. While further research is needed to fully understand
the reasons for the increased risk of revision in PS uncemented
implants, addressing these potential factors through improved
implant designs (e.g., use of trabecular metal implant surface)
and surgical techniques could help reduce the risk of aseptic
loosening of PS TKR systems.

Limitations

First, the study employs an observational design and there is
a notable discrepancy in sample sizes between the PS group

(n =750) and the larger CR group (n = 12,226). This size dif-
ference may raise concerns about potential confounding by
indication. However, we anticipate that this risk is low, as 2
previous registry and observational studies, in which a pos-
sible indication bias was deliberately investigated, reported
results consistent with our study. One study included only
high-volume surgeons who exclusively employed either a CR
or PS design [6], while the other corrected for preoperative
deformities [5]. Second, the LROI registers only the indication
for revision, without incorporating feedback on the intraoper-
ative cultures. Therefore, it is likely that low-grade infections
were misclassified as revisions for aseptic loosening, but it is
expected that this misclassification was equal between both
groups. Also, the proportion of unsuspected low-grade infec-
tions in cases with a preoperative diagnosis of aseptic loosen-
ing appears to be low (4-13%) in total hip or knee arthro-
plasty[29,30]. Third, the inclusion of underutilized prostheses
with suboptimal outcomes and the involvement of hospitals
with low annual volumes or limited experience in utilizing
uncemented TKR, irrespective of design, may contribute to
a risk of bias in the study’s findings [15]. However, the sensi-
tivity analyses conducted on the restricted databases yielded
results consistent with those obtained from the full database
analyses, indicating a minimal risk of introducing bias. Also,
unmeasured residual confounding effects may have influenced
our findings due to missing variables. For instance, BMI data
was available only from 2014 onwards, limiting the sample
size for specific analyses. However, after correcting for BMI
in the full dataset, our results remained consistent, suggesting
that any BMI imbalances between CR and PS groups did not
affect the study outcomes. Fourth, it is important to note that
the generalizability of the study findings is limited to the spe-
cific implants used in this study.

Conclusion

We showed that, during 10 years of follow-up, uncemented
PS implants were 1.4 times more at risk of a revision for any
reason, and 2.5 times more for aseptic loosening compared
with uncemented CR implants. These results remained consis-
tent after adjustment for confounders and sensitivity analyses.
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Appendix

Table 5. 5- and 10-year revision rates for any reason and aseptic
loosening of uncemented implants with cruciate-retaining (CR) and
posterior stabilized (PS) inserts by Kaplan-Meier survival analysis

Total, Revisions for Revisions for
knees aseptic loosening any reason At risk @
Insert n n %RR (Cl) n %RR (Cl) n
5-year
CR 12,226 119 1.1 (0.9-1.3) 366 3.4(3.1-3.8) 7,535
PS 750 13 2.1(09-3.3) 26 4.1(25-5.7) 370
10-year
CR 12,226 139 1.4 (1.2-1.7) 422 4.4 (4.0-4.8) 3,238
PS 750 19 42(22-6.2) 34 6.8(4.4-9.2) 170

For Abbreviations and footnote, see Table 2



