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Background and purpose — There is an ongoing debate
regarding the appropriate level of constraint in primary TKA.
To provide increased stability and better kinematics, more
resembling a natural knee, a medial congruent (MC) tibial
insert has been introduced. To investigate potential impact
on implant migration, we evaluated the cemented Persona
TKA, randomizing between MC and cruciate-retaining (CR)
tibial designs.
Patients and methods — 60 patients with primary
osteoarthritis were randomized to either the CR or MC tibial
component. Radiostereometric analysis (RSA) examinations, evaluating translational and rotational migration as
well as maximal total point motion (MTPM), were performed on the first postoperative day, at 3 months, and 1 and
2 years after surgery. Preoperative, and 1- and 2-year patientreported outcome measures (PROMs) data (KOOS and FJS)
were collected.
Results — The mean tibial MTPM at 3 months were 0.48
mm (95% CI 0.37–0.58) and 0.56 mm (0.45–0.67) for the CR
and MC respectively. 2 years postoperatively the respective
values were 0.62 mm (0.50–0.73) and 0.73 mm (0.49–0.96).
There was no statistically significant difference in migration
between groups, for either the femoral or the tibial component, regarding x-, y-, and z-translations or rotations.
Both CR and MC groups improved as expected in PROM
scores pre- to postoperatively, but without a statistically significant difference between groups. There were no revisions
or other serious adverse events related to surgery.
Interpretation — The results are promising, indicating
good fixation for both designs, and this is in line with other
well-performing TKAs on the market. The increased medial
congruity of the MC inlay does not seem to affect the migration or the PROMs up to 2 years.

The design of knee implants for total knee arthroplasty (TKA)
has undergone many modifications in order to replicate the
normal anatomy and function of the knee. However, despite
great advancements, a significant number of patients are still
dissatisfied with the result (Bourne et al. 2010).
For many years, the role of the posterior cruciate ligament
and level of constraint of the polyethylene insert has been
under debate, and scientific evidence for choosing one over the
other is limited (Kärrholm and Saari 2005). To better reproduce
the functional anatomy and replicate tibiofemoral kinematics,
while still retaining the cruciate ligament, the medial congruent (MC) tibial design has been introduced to the market. The
geometry of the MC components is designed to add stability to
the medial compartment while enabling the lateral condyle to
roll back in flexion (Blaha 2004), better resembling the motion
of a normal knee. So far, studies have shown comparable survivorship of the MC compared with the traditional TKA designs
(Cassar-Gheiti et al. 2020), and 1 study trended towards better
PROM results for those receiving MC compared with cruciateretaining (CR) components (French et al. 2020).
The Persona TKA (Zimmer Biomet, Warsaw, IN, USA) was
introduced in 2012 and claimed to be a more personalized knee
system. Compared with its precursor, NexGen, it comes with
side-specific tibial components, together with more implant
sizes and insert heights. A new feature is also the option of the
MC tibial insert.
When new implants and designs are introduced, it is advisable to do this as a staged introduction, which includes studies
on migration behavior (Malchau et al. 2011). Radiostereometric analysis (RSA) is a method of quantifying the 3D migration between implant and host bone over time (Valstar et al.
2005) and has been shown to predict late mechanical loosening (Kärrholm et al. 1994, Ryd et al. 1995, Pijls et al. 2012).

© 2021 The Author(s). Published by Medical Journals Sweden, on behalf of the Nordic Orthopedic Federation. This is an Open Access article distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/), allowing
third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for non-commercial purposes,
provided proper attribution to the original work.
DOI 10.1080/17453674.2021.1983709

Acta Orthopaedica 2022; 93: 68–74

Table 1. Inclusion/exclusion criteria
Inclusion criteria
• Patients with osteoarthritis (OA) of the knee.
• Age between 50 and 80 years at the inclusion time of the study.
• Fit for elective surgery (ASA I–III).
• BMI between 18 and 35.
Exclusion criteria
• History of joint sepsis.
• Patients who have used immunosuppressive drugs (other than
inhaled corticosteroids) in the last 5 years.
• Rheumatoid arthritis.
• Severe osteoporosis and other metabolic bone diseases.
• Personal or neuromuscular disorders.
• Previous osteotomy to the limb or intra-articular knee fracture.
• Per-/postoperative fracture of the knee/lower limb will be excluded
from the RSA part.
• Patients who need augmentation.
• Severe valgus deformity (> 15°) and/or contracted soft tissues
laterally where one can assume sacrificing the PCL will be necessary to reach a balance.
• Patients with perioperative notification of a non-functional PCL and
patients who perioperatively for whatever reason required a more
constrained knee than the CR insert can offer.
• Postoperative infection of the prosthesis will be excluded from the
RSA part.

A different degree of constraint might affect the load and
consequently migration pattern of the components. Therefore,
the primary goal of this randomized controlled study was to
compare the 3D micromotion, as measured with RSA, of the
cemented CR and MC tibial components as well as for the
femoral component in the Persona TKA. A secondary goal
was to evaluate any difference in patient-reported outcome
measures (PROMs) between groups

Patients and methods
The study was designed as a single-blinded, prospective trial.
60 patients, mean age 66 years (SD 9), with primary knee
osteoarthritis and scheduled for TKA at Skåne University
Hospital, Sweden, were included in the study (Tables 1 and
2). All procedures were performed from September 2017 to
August 2018 by 3 experienced arthroplasty surgeons (GF, MT,
and UK), trained in the Persona TKA system and who had
performed at least 10 cases each before the start of the study.
The patients were randomized in blocks to receive either a
conventional CR or a MC tibial insert, so each surgeon should
do 10 of each design. The randomization forms were prepared
according to software randomization and put into numbered
closed envelopes, opened at surgery after all bone cuts, but
before it was time to cement the components.
For optimal component sizing and positioning, a conventional preoperative templating on long and short standard
radiographs was done using software in the PACS (Sectra,
Linköping, Sweden). We aimed at achieving neutral mechanical axis, i.e., a hip–knee axis (HKA) of 180°.
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Table 2. Patient demographics

Sex, male/female
Age, mean (SD)
BMI, mean (SD)
Side, right/left
ASA, I/II/III:
Preoperative alignment, varus/valgus

CR
(n = 30)

MC
(n = 30)

15/15
67 (10)
29 (3.9)
17/13
7/16/7
23/7

13/17
65 (8)
29 (5.3)
18/12
5/21/4
23/7

Varus: Hip–knee axis (HKA) < 180°; Valgus: HKA > 180°.

Figure 1. Persona knee with femoraland tibial tantalum markers. Cage
markers are highlighted with circles.

Figure 4. RSA radiograph 2-year
postoperative of patient #47.
Arrow pointing at area of radiolucent line. The RSA show progressive backward tilt of 5°.

3 doses of intravenous flucloxacillin were given within
the first 8 hours, starting preoperatively, and low-molecularweight heparin was used as thromboembolic prophylaxis.
The bone preparations and instrumentation followed the
Persona surgical technique manual. If necessary, ligament
balancing was utilized to achieve optimal extension/flexion
balance, but keeping the PCL intact. No patellar resurfacing was performed, only trimming of the bone edges, and
no tourniquet was used. After routine lavage, vacuum-mixed
bone cement (Palacos R+G, Heraeus, Hanau, Germany) was
applied, on both the bone surfaces and components. Before
closing, each patient was given local infiltration analgesia
(Röstlund and Kehlet 2007).
6 to 9 tantalum markers (diameter: 0.8 mm) were positioned
in both the distal femur and the proximal tibia, either diagonally through the saw cut or through the cortex (Figure 1).
A maximum spread of the markers in every direction
of the bone was aimed for. We analyzed all RSA data with
the RSAcore Model-based RSA 4.1 (MBRSA) software
(RSAcore, Leiden, The Netherlands). The implant manufacturer provided the CAD models.
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Assessed for eligibility at
The reference RSA examination was performed on
Skåne University Hospital
September 2017 to August 2018
the 1st postoperative day. All patients had been weightn = 170
bearing, but had not started the mobilization program.
Excluded
Following RSA examinations were done at 3 months,
Not meeting inclusion criteria
n = 110
and 1 and 2 years. The RSA setup was according to the
standard procedure with the knee supine inside a biplaRandomized
n = 60
nar reference cage (Tilly Medical, Lund, Sweden),
with 2 simultaneously exposed digital radiographs.
Allocated to intervention CR (n = 30):
Allocated to intervention MC (n = 30):
Translational movements are presented in mm and
– Received allocated intervention, 30
– Received allocated intervention, 30
rotations in degrees (°). We analyzed migration along
Excluded due to RSA
technical issues:
the 3 axes in an orthogonal coordinate system: x, y,
– tibia, 2
and z. The results are recalculated and presented as if
– femur, 1
all knees were right-sided. Thus, positive directions for
3-months and 1-year follow-up:
3-months and 1-year follow-up:
– tibia, 30
– tibia, 28
translations are medial, superior, and anterior transla– femur, 30
– femur, 29
tion along the x-, y-, and z-axes respectively. Positive
to follow-up:
Lost to follow-up:
directions for rotations are anterior tilt (x-axis), inter- Lost
(2 declined and 1 moved away)
– tibia, 1 (disease)
– tibia, 3
– femur, 2 (1 disease and 1
nal rotation (y-axis), and varus for femoral and valgus – femur, 3
RSA technical issues)
for tibial component positioning (z-axis).
2-year follow-up:
2-year follow-up:
For evaluation of precision of the RSA examina– tibia, 27
– tibia, 27
– femur, 27
– femur, 27
tions, double examinations were done on at least 1 of
each patient’s follow-up examinations.
Figure 2. CONSORT Flow diagram.
The condition number indicates how well spread in
the bone the tantalum markers are, and we accepted values after the breaking point between the 2 groups. Adjustments
< 120. Mean error of rigid body fitting describes stability of were made for age, sex, BMI, and ASA. Degrees of freedom
the markers between examinations, and we accepted values < was calculated based on the Kenward Roger method and an
0.35 (Valstar et al. 2005).
autoregressive covariance structure was used.
Before surgery all patients were asked to fill in 2 outcome
For PROM data evaluation, we applied non-parametric tests,
questionnaires: the Knee Injury and Osteoarthritis Outcome including a Mann–Whitney U test and Wilcoxon signed-rank
Score (KOOS) (Roos et al. 1998) and the Forgotten Joint test for between-group and paired comparisons, respectively.
Score (FJS) (Behrend et al. 2012). The same questionnaires
Statistical analyses were performed using the IBM SPSS
were collected at 1 and 2 years postoperatively. The forms Statistics version 26 (IBM Corp, Armonk, NY, USA) and SAS
were posted to all patients. If there was no reply, 1 letter of Enterprise Guide 8.1 for Windows (SAS Institute, Cary, NC,
reminder followed.
USA). A p-value of < 0.05 was considered significant.

Statistics
With 30 patients in each group, and known data from the literature as regards standard deviations, the study was designed to
have a power of at least 90% in detecting a minimal relevant
difference of 0.5 mm in MTPM at year 2, having alpha = 0.05.
This should also cover some dropouts.
Normality of data distribution was assessed using histograms. We used parametric tests, including Student’s t-test,
for RSA data. Mean RSA values are reported with 95% confidence intervals (CI).
Visual analysis of the RSA data indicated that the majority of migration occurred up to 3 months and then levelled
out. Considering this, migration over time was analyzed using
a piecewise linear mixed-effect model (Qinlei Huang 2015)
with a knot (breaking point) at 3 months after surgery. The
models included 3 main fixed effects: group, time starting
from surgery, and time starting from 3 months after surgery,
and 2 interaction terms between group and the time variables.
Subject was included as a random effect. These models gave
the opportunity to compare the migration slopes before and

Ethics, registration, data sharing, funding, and potential conflicts of interest
The study was approved by the Regional Ethical Board at
Lund University (Dnr 2017/73), as well as the local radiation
committee. The study was carried out in compliance with the
Helsinki Declaration and reported according to the CONSORT
guidelines. Written informed consent was received from
patients before inclusion. It is registered in ClinicalTrials.gov
(NCT03494348). Data is available on reasonable request.
Zimmer Biomet financially sponsored part of the RSA
examinations. The authors have no conflicts of interest related
to this study.

Results
RSA
27 femurs and tibias, some in different patients in the cohort,
were available for analysis in each group at the 2-year RSA
follow-up (Figure 2).

Acta Orthopaedica 2022; 93: 68–74

71

Maximal total point motion – tibia (mm)

Maximal total point motion – femur (mm)

1.0

1.0
CR
MC
Pat #47 excluded

0.8

CR
MC

0.8

0.6

0.6

0.4

0.4

0.2

0.2

0.0

0

3

12

24

Follow-up (months)

0.0

0

3

12

24

Follow-up (months)

Figure 3. MTPM migration for the tibial and femoral component. Tibial
figure with patient #47 both included (solid blue line) and excluded
(dotted blue line)

There was no statistically significant difference in migration between groups at any time point for any of the measured
translations, rotations, or MTPM (Figure 3 and Table 3). The
mean tibial component MTPM at 2 years were 0.62 mm (CI
0.50–0.73) for the CR and 0.73 mm (CI 0.49–0.96) for the MC
implant. Corresponding mean MTPM results for the femoral

component at 2 years were 0.73 mm (CI 0.51–0.95) for CR
and 0.58 mm (CI 0.45–0.71) for MC.
2 years postoperatively, the mean tibial y-translation was
0.01 mm (CI -0.03–0.05) for CR and –0.03 mm (CI –0.09
to 0.04) for the MC implant. The mean tibial x-rotation was
0.06° (CI –0.04 to 0.16) and –0.16° (CI –0.55 to 0.23) respectively at 2 years.
For the femoral component. both CR and MC had positive
x-rotations 2 years after surgery with mean values of 0.26° (CI
0.11–0.41) and 0.22° (CI 0.10–0.35) respectively.
Using adjusted mixed-effect model analysis there were
no statistically significant differences between groups either
before 3 months or between 3 months and 2 years for any of
the migration outcomes (Table 3).
1 patient (#47) in the MC group diverged considerably
in tibial migration without a stabilization phase (Figure 3).
The MTPM after 2 years was 3.10 mm, x-rotation -4.86°,
and showed signs of radiolucency at the 2-year postoperative radiographs (Figure 4). It turned out that this patient had
been included despite having a BMI above inclusion criteria
and continued to gain weight during follow-up. Excluding

Table 3. RSA translations and rotations

Segment

Implant

Tibia
X–translation (mm) CR
MC
Y–translation (mm) CR
MC
Z–translation (mm) CR
MC
X–rotation (°)
CR
MC
Y–rotation (°)
CR
MC
Z–rotation (°)
CR
MC
MTPM (mm)
CR
MC
Femur
X–translation (mm) CR
MC
Y–translation (mm) CR
MC
Z–translation (mm) CR
MC
X–rotation (°)
CR
MC
Y–rotation (°)
CR
MC
Z–rotation (°)
CR
MC
MTPM (mm)
CR
MC

3 months
Mean (CI)
–0.01 (–0.05 to 0.03)
–0.03 (–0.05 to –0.01)
0.00 (–0.03 to 0.02)
–0.02 (–0.05 to 0.02)
0.00 (–0.07 to 0.06)
–0.03 (–0.07 to 0.00)
0.06 (–0.03 to 0.14)
0.04 (–0.06 to 0.14)
–0.13 (–0.34 to 0.07)
–0.08 (–0.36 to 0.19)
–0.02 (–0.09 to 0.05)
0.04 (–0.01 to 0.08)
0.48 (0.37 to 0.58)
0.56 (0.45 to 0.67)

1 year
Mean (CI)
–0.01 (–0.05 to 0.03)
–0.02 (–0.05 to 0.01)
0.01 (–0.03 to 0.05)
–0.03 (–0.09 to 0.02)
–0.04 (–0.11 to 0.03)
–0.06 (–0.12 to –0.01)
0.05 (–0.05 to 0.15)
–0.08 (–0.36 to 0.20)
–0.09 (–0.33 to 0.14)
0.03 (–0.21 to 0.26)
0.00 (–0.08 to 0.08)
0.03 (–0.03 to 0.10)
0.59 (0.48 to 0.70)
0.61 (0.45 to 0.78)

–0.06 (–0.12 to –0.01) –0.05 (–0.11 to 0.01)
0.00 (–0.04 to 0.05)
0.00 (–0.06 to 0.05)
0.03 (–0.04 to 0.09)
0.06 (–0.01 to 0.13)
0.00 (–0.03 to 0.02) –0.01 (–0.05 to 0.03)
0.01 (–0.04 to 0.07) –0.03 (–0.11 to 0.06)
0.05 (–0.02 to 0.11)
0.06 (–0.01 to 0.13)
0.13 (0.05 to 0.21)
0.20 (0.08 to 0.32)
0.14 (0.04 to 0.24)
0.20 (0.09 to 0.30)
0.06 (–0.01 to 0.13)
0.08 (–0.03 to 0.20)
0.02 (–0.07 to 0.10)
0.05 (–0.05 to 0.15)
0.01 (–0.13 to 0.15)
0.03 (–0.13 to 0.18)
0.01 (–0.06 –0.08)
0.04 (–0.05 to 0.14)
0.45 (0.31 to 0.60)
0.62 (0.45 to 0.79)
0.40 (0.31 to 0.50)
0.51 (0.41 to 0.60)

2 years
Mean (CI)

p–value a
0–3 m
3–24 m

0.02 (–0.04 to 0.07)
0.6
–0.01 (–0.05 to 0.04)		
0.01 (–0.03 to 0.05)
0.5
–0.03 (–0.09 to 0.04)		
–0.01 (–0.07 to 0.06)
0.5
–0.05 (–0.10 to 0.01)		
0.06 (–0.04 to 0.16)
0.8
–0.16 (–0.55 to 0.23)		
–0.21 (–0.47 to 0.04)
0.7
–0.10 (–0.39 to 0.19)		
–0.04 (–0.14 to 0.05)
0.06
0.02 (–0.05 to 0.09)		
0.62 (0.50 to 0.73)
0.5
0.73 (0.49 to 0.96)		
–0.07 (–0.15 to 0.02)
0.07
–0.02 (–0.09 to 0.04)		
0.05 (–0.03 to 0.13)
0.2
0.00 (–0.07 to 0.06)		
–0.04 (–0.16 to 0.08)
0.4
0.08 (0.00 to 0.16)		
0.26 (0.11 to 0.41)
0.9
0.22 (0.10 to 0.35)		
0.09 (–0.04 to 0.21)
0.4
0.04 (–0.08 to 0.16)		
0.03 (–0.17 to 0.24)
1
0.04 (–0.09 to 0.16)		
0.73 (0.51 to 0.95)
0.4
0.58 (0.45 to 0.71)		

0.9
0.4
0.8
0.08
0.7
0.9
0.9
0.7
0.3
0.1
0.7
0.8
0.9
0.4

MTPM: maximal total point motion.
CR: cruciate retaining.
MC: medial congruent.
CI: 95% confidence interval.
a P–values from linear mixed–effect model. Slopes 0–3 months and 3–24 months. Adjusted for age, sex, BMI, and ASA.
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Figure 5. Forgotten joint score
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Table 4. Results from double examinations as basis for calculating
precision (described as 2xSD) of RSA setup with mean and SD of
72 tibias and 64 femurs
Value		 Tx

Ty

Tibia mean
0.00 –0.01
Tibia (SD)		 0.04 0.03
Femur mean 0.00 0.01
Femur (SD) 0.06 0.03

Pain

Symptoms ADL Sport/Rec

QoL

KOOS dimensions preoperatively,
1 year and 2 years postoperatively

Figure 6. KOOS dimension
scores. Scale 0–100, higher
scores correlate with a better
outcome.

this patient from the statistical analysis did not result in any
change in significance.
In the CR group, 1 patient showed large migration of the
femoral component up to 3 months (MTPM 2.28 mm) but
thereafter stabilized (MTPM 2 years: 2.51 mm) and we could
not observe any radiographic signs of loosening.
Based on the results from double examinations, the precision in tibial x-rotation (calculated as 2SD) was 0.20° and
y-translation was 0.07 mm (Table 4). There was an overall
good distribution of markers with a mean condition number
(SD) for tibia 22.7 (11.2) and femur 32.6 (19.5). The markers
were stable over time with a mean error of rigid body fitting of
0.16 (0.08) and 0.18 (0.10) for tibia and femur, respectively.
Data on the condition number and mean error was collected
from the entire study population and all timepoints.
PROMs
The response rate for FJS and KOOS was between 87% and
100% in each group at the different time points.
The FJS score showed expected improvement after surgery
for both groups. In the CR group, mean preoperative score
was 13 and mean 2-year postoperative score was 61. The MC
group improved from 11 to 60 (Figure 5).
In all 5 KOOS dimensions, both groups improved after the
operation. There was no statistically significant difference
between the CR and MC insert in any of the dimensions at any
time point (Figure 6).
None of the patients has so far undergone revision or had
any major adverse event related to surgery, such as deep infection or pulmonary emboli.

Discussion
Our aim was to evaluate the tibial and femoral components of
the Persona TKA, and especially to compare the 3D-migration behavior between 2 tibial inserts with different constraint,

Tz

MTPM

Rx

Ry

Rz

0.00
0.05
0.00
0.09

0.22
0.14
0.15
0.10

–0.03
0.10
0.01
0.08

0.01
0.27
0.01
0.08

0.00
0.09
0.01
0.09

Tx. Ty. Tz: Translations (mm)
Rx. Ry. Rz: Rotations (°)
MTPM: maximal total point motion (mm)

CR and MC. We conclude that both tibial designs stabilize as
expected, without statistically significant differences between
groups, in a benign migratory pattern after an initial small settling phase (Figure 3). Furthermore, the mean overall tibial
migration (MTPM) of our study population appears to be in
line with most previous studies on different well-performing
TKA designs (Molt and Toksvig-Larsen 2014, Molt et al.
2016, Gudnason et al. 2017, Pijls et al. 2018). Even though
RSA studies of the femoral implant are sparse, those existing
seem to show similar results to ours (Henricson et al. 2019,
Teeter et al. 2019).
At present, most TKA studies report their RSA migration
values as maximal total point motion (MTPM) (Pijls et al.
2012, 2018). The MTPM is a 3D vector, referring to the point
at every examination that has the maximum movement in relation to the bony reference segment. The point of maximum
motion can thus be different at different examination times but
indicates the overall migration over time (Valstar et al. 2005).
MTPM does not specify the direction of the vector in space.
We have also included the underlying individual translation
and rotation results, whose significance has been pointed
out previously (Gudnason et al. 2017). In a meta-analysis of
2,470 total knee arthroplasties, Pijls et al. (2018) have presented important threshold values to determine patients at risk
of tibial loosening, and concluded that prosthesis migration,
as measured with MTPM, of more than 0.5 mm at 6 months
to be at risk and 1.6 mm to be unacceptable. After the early
migration phase, the movement should be < 0.2 mm between
6 months–1 year and 1–2 years. Regarding early migration,
it is important to consider the time point for the reference
examination (Ornstein et al. 2000, Valstar et al. 2005). It is
during the 1st months, and maybe during the 1st weeks, that
a large proportion of the migration occurs. It is thus difficult
to compare the actual migration value of a study where the
reference examination was performed on the 1st postoperative
day to another where it was performed within 1 to 2 weeks.
Many studies do not even reveal the timing of the reference
examination, which may lead to a bias when comparing study
results. We performed the reference examination on the 1st
postoperative day and our migration values thus reflect the
true full migration.
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Theoretically, the increased constraint on the medial side
of the MC insert, compared with CR, could have affected
the migration pattern, due to a plausible asymmetric load on
the inlay. However, unlike some other pivoted TKAs on the
market, the MC Persona knee system is not a purely “ball-insocket” restricted TKA, which relies on a single radius curvature in symmetrical femoral condyles and a spherical and fully
congruent medial compartment. Instead, the Persona knee has
a J-curved femoral design with asymmetric posterior sagittal
radii and an anatomical tibial baseplate, fitted with either an
MC or CR polyethene insert. Thus, in this study we compare
2 different polyethylene inserts, and with the exception of a
slight tendency toward an anterior tilt of the femoral component, seen in both groups, there was no clear pattern of translation or rotation for either the tibial or femoral components,
and the migration values were small (Table 3).
1 patient in the MC group (patient #47) showed a deviating tibial migration pattern. Already at 3 months, this patient
had a tibial backward tilt (x-rotation) of –0.9°, in comparison
with a slight forward tilt of 0.1° for the other patients in the
MC group. At 2 years, the tibial backward tilt was almost 5°
and showed clear signs of loosening on standard radiographs
(Figure 4). Rotation around the transverse axis, as well as
proximal and distal translation, has been shown by Gudnason et al. (2017) to be better at predicting aseptic loosening
than MTPM. In retrospect, this patient should not have been
included due to a BMI of 40 at time of surgery, which is well
above the inclusion level of 35. Furthermore, the patient continued to gain weight during follow-up. We chose to keep
the patient in the study and the case is interesting to describe
separately. The high BMI and also a quite severe preoperative varus deformity of 13° are risk factors (Ritter et al. 2013,
Roche et al. 2018) and may have contributed to the migration pattern. No disturbing knee symptoms have so far been
reported, and PROMs are similar to the overall mean. We do,
however, foresee that this patient’s tibial component will need
later revision. Excluding this patient retrospectively would
not have changed the statistical significance of the results but
changes the appearance of the graphs as shown in Figure 3.
We believe this case underscores the ability of RSA to early
on predict later loosening.
Our results for KOOS were in line with previous studies on
the Persona TKA with a different kind of constraints (PS, CR,
and UC) (Galea et al. 2019, Mathijssen et al. 2019).
The FJS appears to solve some of the problems with ceiling effects, i.e., the ability to distinguish between patients
with good and excellent outcomes (Behrend et al. 2012). In
a recent meta-analysis, the medially stabilized TKAs scored
higher versus non-medially stabilized TKAs, although just
below the minimal clinically important difference of 14 points
for FJS (Tso et al. 2021). Hasan et al. (2020) found similar
FJS results to ours, without any difference between cemented
and cementless CR TKAs. French et al. (2020) compared the
Vanguard Cruciate-Retaining Knee with a medially stabilized
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SAIPH Knee and concluded that the medially stabilized knee
scored better on the FJS as well as the quality-of-life KOOS
subscale. We were unable to show any difference in PROMs
between the CR and MC group, keeping in mind, however,
that our study was not powered for PROMs evaluation but
for RSA.
With the MC being the most recent type introduced to the
market, the 1st mid- to long-term studies have been published.
In a study on the ADVANCE Medial Pivot knee, a survival
analysis showed a cumulative success rate of 98.8% at 17
years (Macheras et al. 2017) and a meta-analysis on medial
pivot implants demonstrated a pooled component survivorship estimate to be 97.6% (95% CI 95.8–98.6) after 8 years
(Fitch et al. 2014).
A TKA aligned to the mechanical axis of the lower limb
in the coronal plane has been the gold standard for many
years (Schiraldi et al. 2016) and was also what we aimed to
achieve. Howell et al. (2008) described the kinematic alignment method to restore the constitutional knee joint by creating bone resections parallel to the pre-disease surface of
the distal femur and proximal tibia, as opposed to a straightline mechanical axis. Studies on kinematic alignment have
shown promising results, both for the Persona TKA with
MC insert, as well as other TKA designs (Courtney and Lee
2017, Risitano et al. 2020). With this said, it is still under
debate whether the alignment is a question on which you
need to compromise between patient satisfaction and implant
survivorship, as the mechanically aligned TKA might benefit
the latter. It would have been interesting to see if our results
had been different if we aimed for kinematical instead of
mechanical alignment.
A possible limitation of this study is the number of patients
and the short follow-up. For an RSA study, 60 patients are
sufficient and 2 years’ follow-up is normally enough, but for
an adequate assessment of PROM data a larger cohort would
have been needed. Another limitation is the fact that, to avoid
the issue of multiplicity, we based our power calculation on
MTPM, and not on individual axes translation and rotation,
even though this was stated to be our primary endpoint in the
trial registration.
Conclusion
Our RSA results for the cemented Persona TKA demonstrate
good migratory patterns for both the femoral and tibial components, fully in line with other well-performing total knee
replacements on the market. Furthermore, we could not show
any statistically significant difference regarding either migration or PROMs between the MC or CR inlays up to 2 years.
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for submission.
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