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Abstract
Purpose: Customised individually made (CIM) total knee arthroplasty (TKA)
with personalised alignment is relatively new and evidence is limited. The
aim of this study was to compare patient‐reported outcome measures
between CIM and off‐the‐shelf (OTS) TKA patients in a matched‐pair
analysis with a 2‐year follow‐up.
Methods: In this single‐centre, prospective cohort study, propensity score
matching was performed on 51 CIM and 51 OTS TKA. Data were measured
at baseline, at 4 months, 1 and 2 years and included the Forgotten Joint
Score (FJS‐12), the High Activity Arthroplasty Score (HAAS), the Knee
injury and Osteoarthritis Outcome Score (KOOS), the EQ‐5D‐3L, the EQ‐
Visual Analogue Scale, satisfaction, overall knee improvement, willingness
to undergo the surgery again and the Knee Society Score.
Results: At 2 years follow‐up, the FJS‐12 (77 vs. 67, p = .058), HAAS (13
vs. 11, p < .001), KOOS daily living (92 vs. 86, p = .029), KOOS sport (76 vs.
65, p = .019), KOOS quality of life (81 vs. 71, p = .028) and the EQ‐5D (.95
vs. .90, p = .030) were higher for CIM TKA compared to OTS TKA.
Satisfaction rate was 92% for CIM TKA and 84% for OTS TKA (p = .357).
Most patients reported an improvement in the overall knee state (94% CIM
and 90% OTS, p = .487) and almost all patients would undergo the surgery
again (96% CIM and 98% OTS, p = .999).
Conclusion: The current study found that CIM TKA patients had better
functional outcomes at 2 years. Patient satisfaction was high and not
statistically significantly different from OTS TKA patients.

Level of Evidence: Level II prospective cohort study.
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INTRODUCTION

Despite improved surgical techniques and treatments,
a persistent 20% of total knee arthroplasty (TKA)
patients are not satisfied with the outcome [6, 11, 15].
Surgeons are challenged to better understand patient
satisfaction and the factors that contribute to it to meet
patients' needs. Therefore, great efforts are still being
made to further improve outcomes after TKA and to
measure these outcomes with patient‐reported out-
come measures (PROMs).

The reasons for dissatisfaction are likely multi-
factorial, but an important surgeon‐related variable is
limb alignment [17]. Suboptimal alignment can lead to
altered knee kinematics, increased component wear,
poor functional outcomes and premature implant
failure, suggesting that an optimal alignment technique
may improve TKA outcome [3]. Recent improvements
in TKA have included a more personalised approach
[16], including the use of customised individually made
(CIM) TKA and a personalised knee alignment strategy
[27]. The morphology of the knee is highly variable, and
despite different models and sizes, finding the most
appropriate off‐the‐shelf (OTS) implant can be chal-
lenging [2, 13]. Implant design and surgical techniques
need to better mimic the anatomy and kinematics of the
native knee, ultimately providing a forgotten joint [12].

CIM TKAs are designed to anatomically replicate
the patient's constitutional morphotype by reproducing
limb alignment and restoring joint space by adjusting
the offset of the prosthetic condyles [30]. The ORIGIN®
prosthesis was launched in 2018 and offers the ability
to customise the shape and alignment of the prosthesis
[31]. The customisation of the implants allows a
positive outcome in terms of alignment and bone
surface restoration without the limitations of OTS
TKA [31].

The evidence about CIM TKA to date is limited. First
results of case series showed promising results with
satisfactory clinical outcome and low complication rate
[7, 10, 22, 25]. However, they highlight the need for
better methodological studies. Comparative studies
between CIM and OTS TKA are sparse [35] and not
yet available for the ORIGIN® prosthesis. The aim of
this study was to compare PROMs between CIM and
OTS TKA patients in a matched‐pair analysis with a 2‐
year follow‐up. We hypothesised that CIM TKA patients
would have better PROMs at 2 years.

MATERIALS AND METHODS

Study design, setting and recruitment

This is a single‐centre, observational, prospective
cohort study with matched‐pair analyses comparing
patients with CIM and OTS TKA. Patients were

recruited from two practices in the same hospital.
Routinely, all patients scheduled for TKA are asked to
complete a set of PROMs [36]. In this study, consecu-
tive patients undergoing primary posterior‐stabilised
CIM TKA (ORIGIN® PS, Symbios) or primary cruciate‐
retaining OTS TKA (Attune® CR mobile‐bearing,
DePuy Synthes) who completed PROMs pre-
operatively and at 2 years were included. Patients with
major re‐operation or revision were excluded.

Surgical technique

All TKAs were performed between January 2017 and
December 2021 by two senior surgeons (M. P. A.
and R. K.). All patients underwent the same peri‐ and
postoperative anaesthesia and pain management
protocol. Both primary TKA systems were used
according to the manufacturer's inclusion and exclusion
criteria [5, 14]. A medial parapatellar approach without
a tourniquet was used. Patients followed the same
postoperative rehabilitation protocol, which included
immediate full weight bearing on crutches until suffi-
cient muscular stabilisation was achieved.

In CIM TKA, femoral and tibial resections were
performed using the custom cutting guides and the
femur‐first technique. Soft tissue balance was then
assessed using a spacer block. If necessary, the level
of resection was adjusted using a custom, single‐use
millimetre recut guide. Once all bone surfaces were
prepared, trial implants were used to verify correct
laxity and stability, after which the definitive implants
were cemented. The computed tomography‐based
preoperative planning process involves interaction
between the engineer and the surgeon. Depending
on the constitutional knee phenotype, a validated
planning matrix described the individual alignment,
and the knees were aligned according to the principles
of restricted kinematic alignment to bring them into the
so‐called safe zone [5]. By following this procedure,
most of the knees did not require any further ligament
release beyond the removal of the osteophytes. In
larger varus or valgus deformities, the lengthened side
(e.g., the lateral side in a varus knee with a
hip–knee–ankle angle [HKA] of 168°) may be slightly
lax after the bone cuts.

The CIM TKA planning system allows for a
maximum of 5° varus or 3° valgus in the resulting
HKA. It was avoided to plan towards these possible
limits. On the contrary, the aim was to plan the knees
towards a neutral alignment, respecting the constitu-
tional phenotype, with a maximum deviation from
neutral planning of an HKA of 178° in varus and 181°
in valgus knees. The result is a minimal difference
between the very limited kinematic alignment of the
CIM TKA and the mechanical alignment of the
OTS TKA.
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OTS TKA was performed with conventional instru-
mentation aiming at mechanical alignment. The Attune
implant is the most commonly used OTS implant in
Switzerland [29]. A natural slope and rotation along the
grinding marks on the arthritic tibial plateau was aimed
for, followed by resection of the tibial plateau. After
determining the femoral rotation with the intramedullary
balancer, the distal femur was resected first (extension
gap), followed by resection of the posterior (flexion gap)
and anterior femoral condyles.

Patellar resurfacing was used on an individual and
exceptional basis when the primary source of pain was
the patellofemoral compartment and the patient
declined the risk of a second patellar resurfacing. This
was the case in four CIM and three OTS TKA.

Data analysis and measures

Data were collected at routine visits at baseline,
4 months, 1 and 2 years using Research Electronic
Data Capture (REDCap®). Surgeons graded general
osteoarthritis by Kellgren and Lawrence (KL) from 0 (no
osteoarthritis) to 4 (severe osteoarthritis) [19] and
comorbidities by the American Society of Anesthesiol-
ogists (ASA) from ASA I (normal healthy) to ASA V
(moribund) [1]. Patient characteristics were extracted
from medical records.

Patients completed the following PROMs

− The Forgotten Joint Score (FSJ‐12) ranges from 0
(worst) to 100 (best) points [33].

− The High‐Activity Arthroplasty Score (HAAS) ranges
from 0 (worst) to 18 (best) points [32, 34] and is only
administered postoperatively.

− The Knee injury and Osteoarthritis Outcome Score
(KOOS) with subscales from 0 (worst) to 100 (best)
points [26].

− The EQ‐5D‐3L ranges from 0 (worst) to 1 (best),
including the EQ‐Visual Analogue Scale (VAS) from
0 (worst) to 100 (best) [9].

− Patient satisfaction on a 5‐point Likert scale, where-
by patients were classified as satisfied (very satis-
fied/satisfied) or not satisfied (neutral/unsatisfied/
very unsatisfied).

− The overall knee state improvement on a 7‐point
Likert scale, whereby patients were classified
as improved (very much better/substantially
better) or not improved (a little better/no
change/a little worse/substantially worse/very
much worse).

− The willingness to have the surgery again (yes/no).

Surgeons completed the objective part of the Knee
Society Score (KSS), ranging from 0 (worst) to 100
(best) points [18, 23]. The KSS was not available at
2 years due to the lack of routine follow‐up visits.
Complications such as thromboembolic event, infec-
tion, reoperation, revision or death were recorded as
adverse events. Revision was defined as reoperation to
exchange part or all of the TKA.

The study was conducted following the Declara-
tion of Helsinki and approved by the local ethics
committee (reference: 2016‐01777). Written in-
formed consent to participate was obtained from
all patients.

F IGURE 1 Flow chart of recruitment. CIM, customised individually made; PROM, patient‐reported outcome measure; OTS, off‐the‐shelf;
TKA, total knee arthroplasty.
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Statistical analysis

Descriptive statistics are presented as means and
standard deviations or frequency counts and percent-
ages. Differences between preoperative and post-
operative data were tested using paired t tests. Differ-
ences between groups were measured by unpaired
t tests, Mann–Whitney U tests or χ2 tests as appropriate.

The a priori power calculation based on a mean
effect size of 0.5 resulted in a sample size of 51 TKAs
per group to assure a power of 0.8 with a one‐sided ⍺

of 0.05. To reduce the bias of a nonrandomised study
and to adjust for differences in patient characteristics,
we performed a propensity score matching based on
the variables age, body mass index, sex, KL grade and
ASA score. From 194 TKA with PROMs at 2 years
available, we matched 51 CIM to 51 OTS TKA
(Figure 1).

Statistical analyses were performed using IBM
SPSS statistics for Windows, Version 29.0.1.0, IBM
Corp and R, Version 4.1.3 [24]. Matching was
performed with the MatchIt package in R, Version 4.5.3.

TABLE 1 Patient characteristics and baseline measures.

CIM
(n = 51)

OTS
(n = 51)

Difference,
p [95% CI]

Patients characteristics

Age (years) 67 (±8) 67 (±10) .896 [−3 to 4]

BMI (kg/m2) 28 (±6) 28 (±6) .611 [−3 to 2]

Sex (women) 22 (43%) 22 (43%) .999

Insurance <.001

Basic 5 (10%) 35 (69%)

Supplementary 46 (90%) 16 (31%)

Side, left 22 (57%) 31 (61%) .112

Bilateral surgery 22 (43%) 6 (12%) <.001

KL grade .999

3 2 (4%) 4 (8%)

4 49 (96%) 47 (92%)

ASA classification .640

I/II 48 (94%) 47 (92%)

III 3 (6%) 4 (8%)

Length of stay (days) 6 (±1) 6 (±1) .241 [0 to 1]

Baseline measures

FJS‐12 21 (±16) 14 (±10) .005 [2 to 13]

HAAS (not administered)

KOOS symptoms 46 (±17) 42 (±17) .226 [−3 to 11]

KOOS pain 48 (±16) 40 (±14) .009 [2 to 14]

KOOS daily living 59 (±16) 47 (±17) <.001 [6 to 18]

KOOS sports 24 (±18) 17 (±15) .050 [0 to 13]

KOOS quality of life 29 (±16) 23 (±13) .035 [0 to 12]

EQ‐5D‐3L 0.70 (±0.14) 0.58 (±0.19) <.001 [0.05 to 0.18]

EQ‐VAS 72 (±16) 57 (±21) <.001 [7 to 22]

KSS 44 (±12) 56 (±16) <.001 [7 to 18]

Note: Data shown as mean (±SD)/n (%).

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CI, confidence interval; CIM, customised individually made; FJS‐12, Forgotten
Joint Score; HAAS, High‐Activity Arthroplasty Score; KL, Kellgren and Lawrence grade of osteoarthritis; KOOS, Knee injury and Osteoarthritis Outcome Score; KSS,
Knee Society Score; n, number of patients; OTS, off‐the‐shelf; SD, standard deviation; VAS, Visual Analogue Scale.
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RESULTS

Recruitment and baseline measures

We analysed data from 51 CIM TKA (40 patients, 17
[43%] women) and 51 OTS TKA (48 patients, 21 [44%]
women) (Figure 1). Patient characteristics are
described in Table 1. Patients with CIM TKA were
more likely to have supplementary insurance, which is
required in Switzerland to cover the cost of CIM TKA
(Table 1). PROMs were higher in CIM TKA at baseline,
indicating better subjective function. The KSS was

lower in CIM TKA, indicating poorer objective function
(Table 1).

Postoperative PROMs

When comparing patients with CIM and OTS TKA at
2 years, the FJS‐12, HAAS, KOOS daily living, KOOS
sport, KOOS quality of life and the EQ‐5D were higher
for CIM TKA (p ≤ .058, Table 2 and Figure 2). At
2 years, 93% of CIM TKA and 85% of OTS TKA were
satisfied (p = .357, Figure 3).

F IGURE 2 Boxplots of patient‐reported outcome measures, customised individually made (CIM) compared to off‐the‐shelf (OTS) total knee
arthroplasty (TKA) patients. FJS‐12, Forgotten Joint Score; HAAS, High‐Activity Arthroplasty Score; KOOS, Knee injury and Osteoarthritis
Outcome Score; VAS, Visual Analogue Scale.
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For all patients, all PROMs improved from baseline
to each follow‐up (data not shown, p < .001), from
4 months to 1 year (p < .001) and from 4 months to 2
years (p < .001). From 1 year to 2 years, all PROMs
improved (p < .034), besides the EQ‐VAS (p = .906).
When comparing the change scores of patients with CIM
and OTS TKA, we found no group differences except for
the EQ‐VAS change at 1 year, which was higher for OTS
TKA (p = .027, additional material: Table 3).

Postoperative KSS

When comparing patients with CIM and OTS TKA, the
KSS was higher for CIM TKA at 4 months and 1 year
(Table 2). The KSS improved for all patients from baseline
to 4 months (data not shown, p < .001), from baseline to
1 year (p < .001) and from 4 months to 1 year (p < .001).
When comparing the change scores of patients with CIM
and OTS TKA, we found a higher change for CIM TKA
from baseline to 4 months (p < .001) and from baseline to
1 year (p < .001, additional material: Table 3).

Adverse events

During follow‐up, three patients with OTS TKA died
unrelated to TKA. One patient with CIM TKA (at
13 months) and one patient with OTS TKA (at 9
months) required complete revision. The revision rate
was 1.4% (1 of 71) for CIM and 0.5% (1 of 217) for OTS

TKA (p = .433). Three patients with CIM and 20 patients
with OTS TKA did not complete the PROMs at 2 years.
These patients were excluded from the analysis
(Figure 1). No further adverse events occurred in the
patients included in the final analyses.

DISCUSSION

The most important finding was that PROMs were better
for patients with CIM TKA at 2 years, namely the FJS‐12,
HAAS, KOOS daily living, KOOS sport, KOOS quality of
life and EQ‐5D. Patient satisfaction was higher for CIM
TKA, but there was no significant difference in satisfaction
between CIM and OTS TKA. Thus, our hypothesis was
partially confirmed. Patients with CIM TKA showed better
functional and health‐related quality of life outcomes but
were not superior regarding satisfaction at 2 years.

Our results in CIM TKA patients are comparable to
those of other studies that have reported results after
CIM TKA with the ORIGIN® prosthesis [7, 10, 22, 25].
However, no other comparative study results are
currently available. A very recent study using the same
implant and alignment strategy reported the FJS‐12
and KOOS of 143 CIM TKA. At a mean follow‐up of
2.8 years, the FJS‐12 was 69, KOOS symptoms 82,
pain 85, daily living 83, sports 52 and quality of life 75
[10]. The mean FJS‐12 was thus eight points lower
than in our study. The satisfaction rate of 94% was
slightly higher than the 92% we found at 2 years.
Another recent study reported a large improvement in

F IGURE 3 Patient satisfaction at follow‐up. CIM, customised individually made; OTS, off‐the‐shelf. Data shown as n (%), *Differences in
satisfaction dichotomised into satisfied and not satisfied patients.
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KSS at 1‐year follow‐up in a series of 266 CIM TKA. The
final KSS of 94 was similar to our result, unfortunately
PROMs were not reported [25]. The same research
group also found very good results in 37 CIM TKA with
previous osteotomies and/or extra‐articular fracture
sequelae [7]. At a mean follow‐up of 1.3 years, the
FJS‐12 was 66, KOOS symptoms 75, pain 87, daily living
87, sports 59 and quality of life 72 [7]. Our own research
group found promising initial results in the first series of
25 CIM TKA [22]. At 1 year, the FJS‐12 was 73, KOOS
symptoms 80, pain 86, daily living 87, sports 64 and
quality of life 73. The KSS was also reported at 94 points
[22]. We were able to confirm our findings, as the results
in this study were very similar at 1 year.

Focusing on the FJS‐12, the CIM TKA results were
very good and exceeded the results of studies using
the same CIM TKA implant [7, 10] or studies focusing
on kinematic alignment [28]. Regarding OTS TKA, we
found one study that measured the FJS‐12 in patients
with a computer‐navigated Attune CR at 1 year [4].
With a mean FJS‐12 of 68, the result was slightly better
than our mean FJS‐12 of 63.

Regarding patient satisfaction, we found only 2%
unsatisfied patients in the CIM TKA group and 4% in
the OTS TKA group (combined: 3%). Although we
found no statistical differences between the two
groups, this is significantly lower than what was
reported in a previous systematic review, which found
10% unsatisfied patients [8]. Of course, our relatively
small number of patients must be taken into account.
However, our results are consistent with a larger CIM
TKA study that also found only 3% unsatisfied patients
[10]. When discussing patient satisfaction, it is impor-
tant to note that there is no consensus on the best way
to measure it. The concept of patient satisfaction is
subjective and heterogeneous, making it difficult to
assess [20]. There is no gold standard for measuring
patient satisfaction, and quantifying it in a valid way is
challenging [21]. In this study, we used a 5‐point Likert
scale, along with other validated PROMs, but found no
statistical difference between CIM and OTS TKA.

In a previous comparison of results between OTS
TKA (Attune CR) and CIM TKA (Conformis iTotal® CR
G2, Conformis Inc.), only minor clinically relevant
advantages for CIM TKA were found at 2 years, such
as a higher HAAS for the CIM TKA [35]. In this recent
study, however, in which not only the individual shape of
each patient's knee was personalised but also a
personalised alignment strategy was applied, clinically
relevant differences in several PROMs were found in
favour of the CIM TKA. This is even more remarkable
given that the baseline scores for CIM TKA were higher
than those for OTS TKA. One might have assumed that
improvement would be difficult to achieve because
patients subjectively felt less restricted. However, we did
not find this and instead found a significant improvement
in CIM TKA compared to OTS TKA. Furthermore, noT
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ceiling effects were found in any of the PROMs
(Figure 2), with the exception of the EQ‐5D, and this
problem is known to occur in patients with TKA [37].

This is the first study to compare the PROMs of
patients with CIM TKA (using the ORIGIN® prosthesis)
versus OTS TKA. The strength of our study is the
prospective matched‐pair design using a comprehen-
sive set of PROMs over multiple follow‐ups. Never-
theless, our study has several limitations. We cannot
exclude the possibility of selection bias due to the lack
of randomisation, which was not possible in our setting.
To limit selection bias, we performed propensity score
matching. Although we consecutively asked all our TKA
patients to complete PROMs preoperatively, only 77%
did so. In addition, the loss to follow‐up of patients who
did not return their 2‐year PROMs questionnaire was
10%. Despite great efforts to achieve a high response
rate, attrition bias cannot be excluded. The patients
were recruited from a private hospital in Switzerland,
and, therefore, the study results may not be fully
generalisable. At the time of the study, the PS model of
the ORIGIN® prosthesis was the only one available, as
the ORIGIN® CR was introduced in 2022. Therefore, it
was technically unavoidable to compare the ORIGIN®
PS with the Attune CR. In both centres, this was the
main implant used at the time. Further comparative
studies, especially randomised controlled trials, are
needed to confirm and generalise our findings.

CONCLUSIONS

The current study found that CIM TKA patients had
better functional outcomes at 2 years as measured by
the FJS‐12, HAAS, KOOS daily living, KOOS sport,
KOOS quality of life and EQ‐5D. Patient satisfaction
was high and did not differ from OTS TKA patients.
Knee surgeons are used to about one in five patients
being not satisfied with the outcome of TKA at 1 or 2
years. It is clinically relevant that for CIM TKA, this rate
is shown to be closer to one in 15 patients.

AUTHOR CONTRIBUTIONS
Nicole Vogel, Raphael Kaelin and Markus P. Arnold
designed the study. Nicole Vogel, Raphael Kaelin and
Markus P. Arnold contributed to data collection. Nicole
Vogel coordinated the study, analysed the data and
drafted the manuscript. Nicole Vogel, Raphael Kaelin
and Markus P. Arnold revised the final manuscript.

ACKNOWLEDGEMENTS
The authors have no funding to report. Open access
funding provided by Universitat Basel.

CONFLICT OF INTEREST STATEMENT
Markus P. Arnold is a consultant for Symbios. The
remaining authors declare no conflict of interest.

ETHICS STATEMENT
The study was approved by the local ethics committee
(ID: 2016‐01777) and written informed consent was
obtained from all patients in the study.

ORCID
Nicole Vogel http://orcid.org/0000-0002-8322-4514

REFERENCES
1. ASA. (2024) Physical status classification system. Available at:

https://www.asahq.org/standards-and-practice-parameters/
statement-on-asa-physical-status-classification-system [Accessed
11th Jan 2024].

2. Beckers, L., Müller, J.H., Daxhelet, J., Ratano, S., Saffarini, M.,
Aït‐Si‐Selmi, T. et al. (2023) Considerable inter‐individual
variability of tibial geometric ratios renders bone‐implant
mismatch unavoidable using off‐the‐shelf total knee arthro-
plasty: a systematic review and meta‐analysis. Knee Surgery,
Sports Traumatology, Arthroscopy, 31(4), 1284–1298. Available
from: https://doi.org/10.1007/s00167-021-06623-7

3. Begum, F.A., Kayani, B., Magan, A.A., Chang, J.S. &
Haddad, F.S. (2021) Current concepts in total knee arthroplasty:
mechanical, kinematic, anatomical, and functional alignment.
Bone & Joint Open, 2(6), 397–404. Available from: https://doi.
org/10.1302/2633-1462.26.BJO-2020-0162.R1

4. Behrend, H., Zdravkovic, V., Bösch, M. & Hochreiter, B. (2019)
No difference in joint awareness after TKA: a matched‐pair
analysis of a classic implant and its evolutional design. Knee
Surgery, Sports Traumatology, Arthroscopy, 27(7), 2124–2129.
Available from: https://doi.org/10.1007/s00167-019-05407-4

5. Bonnin, M.P., Beckers, L., Leon, A., Chauveau, J., Müller, J.H.,
Tibesku, C.O. et al. (2022) Custom total knee arthroplasty
facilitates restoration of constitutional coronal alignment. Knee
Surgery, Sports Traumatology, Arthroscopy, 30(2), 464–475.
Available from: https://doi.org/10.1007/s00167-020-06153-8

6. Bourne, R.B., Chesworth, B.M., Davis, A.M., Mahomed, N.N. &
Charron, K.D.J. (2010) Patient satisfaction after total knee
arthroplasty: who is satisfied and who is not? Clinical
Orthopaedics & Related Research, 468(1), 57–63. Available
from: https://doi.org/10.1007/s11999-009-1119-9

7. Daxhelet, J., Aït‐Si‐Selmi, T., Müller, J.H., Saffarini, M.,
Ratano, S., Bondoux, L. et al. (2023) Custom TKA enables
adequate realignment with minimal ligament release and grants
satisfactory outcomes in knees that had prior osteotomies or
extra‐articular fracture sequelae. Knee Surgery, Sports
Traumatology, Arthroscopy, 31(4), 1212–1219. Available from:
https://doi.org/10.1007/s00167-021-06619-3

8. DeFrance, M.J. & Scuderi, G.R. (2023) Are 20% of patients
actually dissatisfied following total knee arthroplasty? a system-
atic review of the literature. The Journal of Arthroplasty, 38(3),
594–599. Available from: https://doi.org/10.1016/j.arth.2022.
10.011

9. EuroQol Research Foundation. (2024) EQ‐5D‐3L—EQ‐5D.
Available at: https://euroqol.org/eq-5d-instruments/eq-5d-3l-
about/ [Accessed 12th Jan 2024].

10. Gousopoulos, L., Dobbelaere, A., Ratano, S., Bondoux, L.,
Müller, J.H., Dubreuil, S. et al. (2023) Custom total knee
arthroplasty combined with personalised alignment grants 94%
patient satisfaction at minimum follow‐up of 2 years. Knee
Surgery, Sports Traumatology, Arthroscopy, 31(4), 1276–1283.
Available from: https://doi.org/10.1007/s00167-023-07318-x

11. Gunaratne, R., Pratt, D.N., Banda, J., Fick, D.P., Khan, R.J.K. &
Robertson, B.W. (2017) Patient dissatisfaction following total
knee arthroplasty: a systematic review of the literature. The
Journal of Arthroplasty, 32(12), 3854–3860. Available from:
https://doi.org/10.1016/j.arth.2017.07.021

CUSTOM TOTAL KNEE ARTHROPLASTY | 9

 14337347, 0, D
ow

nloaded from
 https://esskajournals.onlinelibrary.w

iley.com
/doi/10.1002/ksa.12309 by Schw

eizerische A
kadem

ie D
er, W

iley O
nline L

ibrary on [17/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://orcid.org/0000-0002-8322-4514
https://www.asahq.org/standards-and-practice-parameters/statement-on-asa-physical-status-classification-system
https://www.asahq.org/standards-and-practice-parameters/statement-on-asa-physical-status-classification-system
https://doi.org/10.1007/s00167-021-06623-7
https://doi.org/10.1302/2633-1462.26.BJO-2020-0162.R1
https://doi.org/10.1302/2633-1462.26.BJO-2020-0162.R1
https://doi.org/10.1007/s00167-019-05407-4
https://doi.org/10.1007/s00167-020-06153-8
https://doi.org/10.1007/s11999-009-1119-9
https://doi.org/10.1007/s00167-021-06619-3
https://doi.org/10.1016/j.arth.2022.10.011
https://doi.org/10.1016/j.arth.2022.10.011
https://euroqol.org/eq-5d-instruments/eq-5d-3l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-3l-about/
https://doi.org/10.1007/s00167-023-07318-x
https://doi.org/10.1016/j.arth.2017.07.021


12. Hirschmann, M.T., Becker, R., Tandogan, R., Vendittoli, P.‐A. &
Howell, S. (2019) Alignment in TKA: what has been clear is not
anymore! Knee Surgery, Sports Traumatology, Arthroscopy,
27(7), 2037–2039. Available from: https://doi.org/10.1007/
s00167-019-05558-4

13. Hirschmann, M.T., Moser, L.B., Amsler, F., Behrend, H., Leclerq, V.
& Hess, S. (2019) Functional knee phenotypes: a novel classifica-
tion for phenotyping the coronal lower limb alignment based on the
native alignment in young non‐osteoarthritic patients. Knee
Surgery, Sports Traumatology, Arthroscopy, 27(5), 1394–1402.
Available from: https://doi.org/10.1007/s00167-019-05509-z

14. J&J MedTech. (2024) Total Knee arthroplasty using the
ATTUNE™ knee system. DePuy Synthes. Available at: https://
www.jnjmedtech.com/en-US/procedure/overview/total-knee-
arthroplasty-using-attune-knee-system. [Accessed 5th May 2024].

15. Kahlenberg, C.A., Nwachukwu, B.U., McLawhorn, A.S.,
Cross, M.B., Cornell, C.N. & Padgett, D.E. (2018) Patient
satisfaction after total knee replacement: a systematic review.
HSS Journal, 14(2), 192–201. Available from: https://doi.org/10.
1007/s11420-018-9614-8

16. Karasavvidis, T., Pagan Moldenhauer, C.A., Haddad, F.S.,
Hirschmann, M.T., Pagnano, M.W. & Vigdorchik, J.M. (2023)
Current concepts in alignment in total knee arthroplasty. The
Journal of Arthroplasty, 38(7 Supplement 2), S29–S37. Availa-
ble from: https://doi.org/10.1016/j.arth.2023.01.060

17. Karasavvidis, T., Pagan Moldenhauer, C.A., Lustig, S.,
Vigdorchik, J.M. & Hirschmann, M.T. (2023) Definitions and
consequences of current alignment techniques and phenotypes
in total knee arthroplasty (TKA)—there is no winner yet. Journal
of Experimental Orthopaedics, 10, 120. Available from: https://
doi.org/10.1186/s40634-023-00697-7

18. Kayaalp, M.E., Keller, T., Fitz, W., Scuderi, G.R. & Becker, R.
(2019) Translation and validation of the German New Knee
Society Scoring System. Clinical Orthopaedics & Related
Research, 477(2), 383–393. Available from: https://doi.org/10.
1097/CORR.0000000000000555

19. Kohn, M.D., Sassoon, A.A. & Fernando, N.D. (2016) Classifica-
tions in brief: Kellgren‐Lawrence classification of osteoarthritis.
Clinical Orthopaedics & Related Research, 474(8), 1886–1893.
Available from: https://doi.org/10.1007/s11999-016-4732-4

20. Mancuso, C.A. (2022) Editorial commentary: assessing outcomes
in terms of fulfillment of patient expectations is complementary to
traditional measures including satisfaction. Arthroscopy: The
Journal of Arthroscopic & Related Surgery, 38(6), 1876–1878.
Available from: https://doi.org/10.1016/j.arthro.2021.12.023

21. Matsuda, S., Kawahara, S., Okazaki, K., Tashiro, Y. &
Iwamoto, Y. (2013) Postoperative alignment and ROM affect
patient satisfaction after TKA. Clinical Orthopaedics & Related
Research, 471(1), 127–133. Available from: https://doi.org/10.
1007/s11999-012-2533-y

22. Moret, C.S., Hirschmann, M.T., Vogel, N. & Arnold, M.P. (2021)
Customised, individually made total knee arthroplasty shows
promising 1‐year clinical and patient reported outcomes. Archives
of Orthopaedic and Trauma Surgery, 141(12), 2217–2225.
Available from: https://doi.org/10.1007/s00402-021-04045-1

23. Noble, P.C., Scuderi, G.R., Brekke, A.C., Sikorskii, A.,
Benjamin, J.B., Lonner, J.H. et al. (2012) Development of a
new Knee Society scoring system. Clinical Orthopaedics &
Related Research, 470(1), 20–32. Available from: https://doi.
org/10.1007/s11999-011-2152-z

24. R Core Team. (2023) R: The R Project for Statistical Computing.
Available at: https://www.r-project.org/ [Accessed 10th Oct 2023].

25. Ratano, S., Müller, J.H., Daxhelet, J., Beckers, L., Bondoux, L.,
Tibesku, C.O. et al. (2022) Custom TKA combined with
personalised coronal alignment yield improvements that exceed
KSS substantial clinical benefits. Knee Surgery, Sports
Traumatology, Arthroscopy, 30(9), 2958–2965. Available from:
https://doi.org/10.1007/s00167-022-06867-x

26. Roos, E.M. & Lohmander, L.S. (2003) The Knee injury and
Osteoarthritis Outcome Score (KOOS): from joint injury to
osteoarthritis. Health and Quality of Life Outcomes, 1, 64.
Available from: https://doi.org/10.1186/1477-7525-1-64

27. Saffarini, M., Hirschmann, M.T. & Bonnin, M. (2023) Persona-
lisation and customisation in total knee arthroplasty: the
paradox of custom knee implants. Knee Surgery, Sports
Traumatology, Arthroscopy, 31(4), 1193–1195. Available from:
https://doi.org/10.1007/s00167-023-07385-0

28. Scott, D.F. & Gray, C.G. (2022) Outcomes are better with a
medial‐stabilized vs a posterior‐stabilized total knee implanted
with kinematic alignment. The Journal of Arthroplasty, 37(8S),
S852–S858. Available from: https://doi.org/10.1016/j.arth.2022.
02.059

29. SIRIS. (2023) Report hip & knee. Available at: http://www.siris-
implant.ch/de/Downloads&category=16 [Accessed 21st
Sep 2023].

30. Symbios. (2024) ORIGIN®. Available at: https://symbios.ch/en/
products/origin/ [Accessed 11th Jan 2024].

31. Symbios. (2024) Programme de formation ORIGIN®. Available
at: https://symbios.ch/de/medical-professionals/medical-
education/programme-de-formation-origin/ [Accessed 25th
Jan 2024].

32. Talbot, S., Hooper, G., Stokes, A. & Zordan, R. (2010) Use of a
new high‐activity arthroplasty score to assess function of young
patients with total hip or knee arthroplasty. The Journal of
Arthroplasty, 25(2), 268–273. Available from: https://doi.org/10.
1016/j.arth.2008.09.019

33. Thomsen, M.G., Latifi, R., Kallemose, T., Barfod, K.W.,
Husted, H. & Troelsen, A. (2016) Good validity and reliability
of the forgotten joint score in evaluating the outcome of total
knee arthroplasty. Acta Orthopaedica, 87(3), 280–285. Availa-
ble from: https://doi.org/10.3109/17453674.2016.1156934

34. Vogel, N., Kaelin, R., Rychen, T. & Arnold, M.P. (2022) The
German version of the High‐Activity Arthroplasty Score is valid
and reliable for patients after total knee arthroplasty. Knee
Surgery, Sports Traumatology, Arthroscopy, 30(4), 1204–1211.
Available from: https://doi.org/10.1007/s00167-021-06531-w

35. Vogel, N., Kaelin, R., Rychen, T., Wendelspiess, S., Müller‐
Gerbl, M. & Arnold, M.P. (2023) Satisfaction after total knee
arthroplasty: a prospective matched‐pair analysis of patients
with customised individually made and off‐the‐shelf implants.
Knee Surgery, Sports Traumatology, Arthroscopy, 31(12),
5873–5884. Available from: https://doi.org/10.1007/s00167-
023-07643-1

36. Vogel, N., Rychen, T., Kaelin, R. & Arnold, M.P. (2020) Patient‐
reported outcome measures (PROMs) following knee arthro-
plasty: a prospective cohort study protocol. BMJ Open, 10(12),
e040811. Available from: https://doi.org/10.1136/bmjopen-
2020-040811

37. Yapp, L.Z., Scott, C.E.H., Howie, C.R., MacDonald, D.J.,
Simpson, A.H.R.W. & Clement, N.D. (2022) Meaningful values
of the EQ‐5D‐3L in patients undergoing primary knee arthro-
plasty. Bone & Joint Research, 11(9), 619–628. Available from:
https://doi.org/10.1302/2046-3758.119.BJR-2022-0054.R1

How to cite this article: Vogel, N., Kaelin, R. &
Arnold, M. P. (2024) Custom total knee
arthroplasty with personalised alignment showed
better 2‐year functional outcome compared to
off‐the‐shelf arthroplasty. Knee Surgery, Sports
Traumatology, Arthroscopy, 1–10.
https://doi.org/10.1002/ksa.12309

10 | CUSTOM TOTAL KNEE ARTHROPLASTY

 14337347, 0, D
ow

nloaded from
 https://esskajournals.onlinelibrary.w

iley.com
/doi/10.1002/ksa.12309 by Schw

eizerische A
kadem

ie D
er, W

iley O
nline L

ibrary on [17/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/s00167-019-05558-4
https://doi.org/10.1007/s00167-019-05558-4
https://doi.org/10.1007/s00167-019-05509-z
https://www.jnjmedtech.com/en-US/procedure/overview/total-knee-arthroplasty-using-attune-knee-system
https://www.jnjmedtech.com/en-US/procedure/overview/total-knee-arthroplasty-using-attune-knee-system
https://www.jnjmedtech.com/en-US/procedure/overview/total-knee-arthroplasty-using-attune-knee-system
https://doi.org/10.1007/s11420-018-9614-8
https://doi.org/10.1007/s11420-018-9614-8
https://doi.org/10.1016/j.arth.2023.01.060
https://doi.org/10.1186/s40634-023-00697-7
https://doi.org/10.1186/s40634-023-00697-7
https://doi.org/10.1097/CORR.0000000000000555
https://doi.org/10.1097/CORR.0000000000000555
https://doi.org/10.1007/s11999-016-4732-4
https://doi.org/10.1016/j.arthro.2021.12.023
https://doi.org/10.1007/s11999-012-2533-y
https://doi.org/10.1007/s11999-012-2533-y
https://doi.org/10.1007/s00402-021-04045-1
https://doi.org/10.1007/s11999-011-2152-z
https://doi.org/10.1007/s11999-011-2152-z
https://www.r-project.org/
https://doi.org/10.1007/s00167-022-06867-x
https://doi.org/10.1186/1477-7525-1-64
https://doi.org/10.1007/s00167-023-07385-0
https://doi.org/10.1016/j.arth.2022.02.059
https://doi.org/10.1016/j.arth.2022.02.059
http://www.siris-implant.ch/de/Downloads%26category=16
http://www.siris-implant.ch/de/Downloads%26category=16
https://symbios.ch/en/products/origin/
https://symbios.ch/en/products/origin/
https://symbios.ch/de/medical-professionals/medical-education/programme-de-formation-origin/
https://symbios.ch/de/medical-professionals/medical-education/programme-de-formation-origin/
https://doi.org/10.1016/j.arth.2008.09.019
https://doi.org/10.1016/j.arth.2008.09.019
https://doi.org/10.3109/17453674.2016.1156934
https://doi.org/10.1007/s00167-021-06531-w
https://doi.org/10.1007/s00167-023-07643-1
https://doi.org/10.1007/s00167-023-07643-1
https://doi.org/10.1136/bmjopen-2020-040811
https://doi.org/10.1136/bmjopen-2020-040811
https://doi.org/10.1302/2046-3758.119.BJR-2022-0054.R1
https://doi.org/10.1002/ksa.12309

	Custom total knee arthroplasty with personalised alignment showed better 2-year functional outcome compared to off-the-shelf arthroplasty
	INTRODUCTION
	MATERIALS AND METHODS
	Study design, setting and recruitment
	Surgical technique
	Data analysis and measures
	Patients completed the following PROMs
	Statistical analysis

	RESULTS
	Recruitment and baseline measures
	Postoperative PROMs
	Postoperative KSS
	Adverse events

	DISCUSSION
	CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES




