
Vol.:(0123456789)1 3

Knee Surgery, Sports Traumatology, Arthroscopy 
https://doi.org/10.1007/s00167-022-06900-z

KNEE

No difference in patient‑reported satisfaction after 12 months 
between customised individually made and off‑the‑shelf total knee 
arthroplasty

Séverin Wendelspiess1,2 · Raphael Kaelin1 · Nicole Vogel1,2  · Thomas Rychen1 · Markus P. Arnold1,2

Received: 12 October 2021 / Accepted: 16 January 2022 
© The Author(s) 2022

Abstract
Purpose A subset of patients is usually not satisfied after a total knee arthroplasty (TKA). Customised individually made (CIM) TKA 
are deemed to overcome drawbacks of classical off-the-shelf (OTS) TKA, but evidence is still sparse. The aim of this study was to 
compare satisfaction of patients with CIM and OTS TKA.
Methods This prospective cohort study compared clinical and patient-reported outcome measures (PROM) between patients with 
CIM and OTS TKA. The primary outcome was patient satisfaction after 12 months. Secondary outcomes were the Knee Society 
Score (KSS), the Knee injury and Osteoarthritis Outcome Score (KOOS), the Forgotten Joint Score (FJS-12) and the EQ-5D-3L 
after 4 and 12 months.
Results Data were analysed from 74 CIM TKA and 169 OTS TKA between January 2017 and September 2020. Patients with CIM 
TKA were slightly younger, more often male, had a lower body mass index, a lower KSS and partially higher preoperative PROMs.
Patient satisfaction after 12 months was high and comparable (CIM 87%, OTS 89%). All PROMs improved for both groups (p < 0.001) 
and did not differ after 12 months (p > 0.063). The majority of patients improved above the minimal important difference (range 
65 to 89%) and reported a clear overall improvement (CIM 86%, OTS 87%). The postoperative KSS, notably regarding knee stability, 
was higher for CIM TKA (p < 0.001).
Conclusion No difference was found in patient satisfaction between CIM and OTS TKA after 12 months. In both groups, patient 
satisfaction was high and PROMs improved considerably.
Level of evidence II, prospective cohort study.

Keywords Arthroplasty · Replacement · Knee · Custom · Patient-specific · Patient-reported outcome measure · Patient 
satisfaction
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TKA 
 Total knee arthroplasty
VAS 
 Visual analogue scale

Introduction

About 20% of patients are not satisfied after a total knee arthro-
plasty (TKA) [6, 12, 15]. A variety of predictors for dissatisfac-
tion have been identified: female sex, lower grade of osteoarthri-
tis, implant-related reasons, mental health problems, unfulfilled 
expectations, postoperative pain and limited function are only 
some of these [12, 15, 21, 29]. Moreover, the number of TKA is 
rising among younger and more active patients with high func-
tional expectations [31].

Although TKA is a common, safe and cost-effective treatment 
for end-stage knee osteoarthritis [3, 12], the procedure does not 
entirely restore normal biomechanics and functional limitations 
may occur [26]. Classical off-the-shelf (OTS) TKA can cause 
implant overhang, malalignment and abnormal kinematics [20, 
41]. One reason may be the high variability of knee phenotypes 
between individuals, ethnicities and sex [4, 7, 13, 19, 22]. Cus-
tomised individually made (CIM) TKA have been developed 
to overcome these problems and improve outcome after TKA 
[5, 17, 44]. CIM TKA incorporate a bone-preserving approach 
using custom planning images, implants and instrumentation 
[44]. The personalised approach respects the patient’s individual 
knee anatomy and eliminates implant sizing compromises [18, 
45]. Disadvantages of CIM TKA are a prolonged waiting time for 
the manufacturing, a higher radiation exposure [44] and limited 
intraoperative implant options [45].

To get a better understanding of the patients’ perspective, 
their satisfaction after TKA and potential problems in daily life, 
an evaluation of patient-reported outcome measures (PROM) is 
necessary. CIM TKA are relatively new, available in the US and 
Europe since 2011 [9] and at our hospital since 2015. First results 
are promising in terms of bone preservation [45], ligament bal-
ancing [45], alignment [2, 54] and patient satisfaction [32, 37]. 
However, sufficient data are still lacking: comparative studies are 
sparse and randomised controlled trials on this topic are absent 
[25, 51]. A prospective study comparing PROMs of patients with 
CIM and OTS TKA has not yet been published.

The aim of this study was to analyse patient-reported satisfac-
tion; further PROMs and clinical outcome of patients with CIM 
TKA were compared to OTS TKA. Our hypothesis was that CIM 
TKA are superior to OTS TKA.

Materials and methods

Study design, setting and recruitment

This is a single-side, observational, prospective cohort study. The 
study is in accordance with the World Medical Association Dec-
laration of Helsinki [48].

All patients were recruited in our medical practice, based in a 
private hospital, and gave their written informed consent. Since 
2017, all patients scheduled for any type of knee arthroplasty 
were asked to complete a set of PROMs. Patients with insuf-
ficient knowledge of German, English, French or Italian were 
excluded. Details regarding recruitment and procedures are 
published in the study protocol [52]. The current study included 
consecutive patients with a primary cruciate-retaining CIM TKA 
(iTotal CR G2, ConforMIS Inc., Bedford, MA, US) or cruciate-
retaining OTS TKA  (Attune® CR mobile-bearing, DePuy Syn-
thes, Raynham, MA, US) who completed PROMs before the 
surgery and after 12 months. Patients with revision surgery or 
major re-operation on the affected knee were excluded. All TKA 
were performed between January 2017 and September 2020 by 
MPA (CIM and OTS) and by RK and TR (OTS), all of them 
well-experienced senior surgeons. CIM TKA patients chose their 
surgeon (MPA) accordingly because of their interest in the new 
technology. In rare cases, the patient was made aware of the pos-
sibility of a CIM TKA because of a marked joint line obliquity 
(tibial mechanical angle of ≤ 84° on long-leg radiographs) with 
an obvious anatomical difference in shape between the medial 
and lateral femoral condyles or hypoplasia of the lateral femoral 
condyle [13].

Surgical technique

All patients had the same peri- and postoperative anaesthesia and 
pain management protocol. Preoperative, all patients received 1 
g of tranexamic acid and a single-shot antibiosis with a cepha-
losporin intravenous. All surgeries used a medial parapatellar 
approach without tourniquet. Soft tissue release was only per-
formed to an extent that was needed for an appropriate ligament 
balancing. For both, CIM and OTS TKA, spacer blocks are 
applied to adjust the soft tissue balancing process. A lateral (in 
valgus knees) or medial release (in varus knees) was used accord-
ingly to achieve the ideal ligament balancing status. No more 
than grade one release was needed. Patellar resurfacing was only 
done in cases with severe patellofemoral arthritis with lateralised 
patella (i.e. bone on bone, especially if the patellofemoral joint 
surface was uneven). Both implants apply mechanical alignment.

The CIM implants are based on a preoperative computed 
tomography. Subsequently, the implant is manufactured and the 
surgeon provided with individualised instruments and a planning 
overview  (iView®). The detailed surgical technique is described 
elsewhere [45]. The planning algorithm of the CIM TKA results 
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in a hip–knee–ankle angle of 180° and a limited joint line obliq-
uity provided by uneven medial and lateral inlay heights. For 
OTS TKA, a natural slope and rotation along the grinding marks 
on the arthritic tibial plateau is sought, followed by resection 
of the tibial plateau. After determining femoral rotation by the 
intramedullary balancer, the distal femur is resected first (exten-
sion gap). Subsequently, the posterior (flexion gap) and anterior 
femur condylar cut is made.

All patients had the same postoperative rehabilitation protocol 
with immediate full weight-bearing on crutches until sufficient 
muscular stabilisation and a proper gait pattern was achieved.

Follow‑up and outcome measures

Data were collected before the surgery and during routine con-
trol visits after 4 months and 12 months using Research Elec-
tronic Data Capture  (REDCap®). Patients’ characteristics were 
extracted from the medical records. The surgeon graded the 
degree of osteoarthritis according to the Kellgren and Lawrence 
classification from 0 (no osteoarthritis) to 4 (severe osteoarthritis) 
[16] and completed the objective part of the Knee Society Score 
(KSS) ranging from 0 (worst) to 100 (best) points [40]. Comor-
bidities were classified according to the American Society of 
Anesthesiologists (ASA) from ASA I (normal healthy) to ASA 
V (moribund) [1].

The primary outcome was patient satisfaction after 12 months 
assessed on a five-point Likert scale (very satisfied, satisfied, 
neutral, unsatisfied or very unsatisfied). Secondary outcomes 

were all other PROMs: the Knee injury and Osteoarthritis Out-
come Score (KOOS), the Forgotten Joint Score (FJS-12), the 
EQ-5D-3L, overall improvement and willingness to undergo the 
surgery again.

The KOOS comprises five subscales on pain, symptoms, 
activities of daily living, sports and quality of life on scales from 
0 (worst) to 100 (best) points [34]. The FJS-12 captures the 
patient’s ability to forget the artificial joint in everyday life on 
a scale from 0 (worst) to 100 (best) points [50]. The EQ-5D-3L 
measures health-related quality of life ranging from 0 (worst) to 
1 (best) and includes a visual analogue scale (VAS) from 0 (worst 
imaginable health) to 100 (best imaginable health) [11]. Overall 
improvement was measured on a seven-point Likert scale (very 
much better, substantially better, a little better, no change, a lit-
tle worse, substantially worse or very much worse) and patients 
were asked if they would undergo the surgery again (yes or no).

Postoperative complications such as thromboembolic events, 
infections, re-operations, revisions or death were recorded as 
adverse events. Revision was defined as a second surgery to 
replace some or all parts of the original TKA.

Ethical approval

The study was approved by the local ethics committee (reference: 
2016-01777) [46].

CIM and OTS TKA between January 2017 and June 2020
n = 353 (CIM: n = 107 / OTS: n = 246)
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Revision: n = 0
Major re-operation: n = 0
Deceased: n = 0

CIM 
n = 77

Exclusion
Did not return PROMs: n = 7
Revision: n = 4
Major re-operation: n = 1
Deceased: n = 1

OTS
n = 182

OTS
n = 169

CIM 
n = 74

Exclusion
Language: n = 4
Did not want to complete 
PROMs: n = 26

Exclusion
Language: n = 14
Did not want to complete 
PROMs: n = 50

Fig. 1  Flow chart of recruitment. CIM customised individually made, OTS off-the-shelf, TKA total knee arthroplasty, PROM patient-reported 
outcome measure, n number
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Statistics

The statistical evaluation was done with IBM SPSS statistics 
for Windows, Version 28, Armonk, NY: IBM Corp and R, Ver-
sion 4.0.5 [30]. Descriptive statistics are presented with means 
and standard deviation (SD) for continuous variables, frequency 
counts and percentages for categorical variables. Differences 
between pre- and postoperative data were tested with paired 
t-test for continuous variables and Wilcoxon signed rank test for 
categorical variables. To improve the interpretability of PROM 
results, the proportion of patients whose PROMs improved more 
than the minimal important difference (MID) was calculated. The 
MID is defined as the smallest difference in a score that patients 
perceive as important [38]. The following MID cutoff values 
were applied: 10.7 for KOOS symptoms, 16.7 for KOOS pain, 
18.4 for KOOS activities of daily living, 12.5 for KOOS sports, 
15.6 for KOOS quality of life [23], 10.8 for the FJS-12 [10, 14] 
and 0.15 for EQ-5D-3L [10].

Differences in subgroups were measured with unpaired t-test 
for continuous variables and with Mann–Whitney U test or 

Chi-Square test for categorical variables. Bivariate linear correla-
tions were analysed with the Pearson test for continuous variables 
and the Spearman test for categorical variables. The correlation 
effect sizes were classified as low (r = 0.1), medium (r = 0.3) or 
strong (r = 0.5) [8].

The a priori power calculation is based on the KSS after 
4 months. When the study was planned, reliable data on patient 
satisfaction or any other PROM after 12 months were not avail-
able. The calculated effect size was 0.5 and resulted in a sample 
size of 64 patients per group to assure a power of 0.8 with two-
sided alpha = 0.05.

Results

Overall, 77 CIM and 182 OTS TKA were recruited and data 
of 74 CIM (63 patients, 30 female) and 169 OTS TKA (155 
patients, 93 female) was analysed. Details regarding recruitment 
are shown in Fig. 1. Response rate to complete PROMs was 
79% and loss to follow-up after 12 months was 4%. Patients’ 

Table 1  Patients’ characteristics

CIM customised individually made, OTS off-the-shelf, n number, SD standard deviation, ASA American 
Society of Anesthesiologists

CIM
n = 74

OTS
n = 169

p value

Age, mean years (± SD) 67.1 (± 8.4) 69.7 (± 8.9) 0.019
Age < 65 years, n (%) 26 (35%) 51 (30%) 0.457
Body mass index, mean kg/m2 (± SD) 26.6 (± 3.4) 28.7 (± 4.9)  < 0.001
Sex, n (%) 0.035
 Male 41 (55%) 68 (40%)
 Female 33 (45%) 101 (60%)

Insurance, n (%)  < 0.001
 Basic insurance 3 (4%) 101 (60%)
 Supplementary insurance 71 (96%) 68 (40%)

Side, n (%) 0.579
 Left 32 (43%) 80 (47%)
 Right 42 (57%) 89 (53%)

Surgery, n (%) 0.110
 Unilateral 52 (70%) 141 (83%)
 Bilateral 22 (30%) 28 (17%)

Kellgren and Lawrence classification, n (%) 0.849
 1 0 (0%) 1 (1%)
 2 1 (1%) 5 (3%)
 3 20 (27%) 43 (25%)
 4 53 (72%) 120 (71%)

ASA classification, n (%) 0.153
 I/II 63 (85%) 129 (76%)
 III 10 (14%) 39 (23%)
 IV/V 1 (1%) 1 (1%)

Operation time, mean min (± SD) 84 (± 14) 84 (± 18) 0.823
Length of stay, mean days (± SD) 6.4 (± 1.1) 6.5 (± 1.1) 0.500
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characteristics are described in Table 1. Participants and patients 
who did not want to complete PROMs did not differ regarding 
patients’ characteristics (p > 0.159). Patients with CIM TKA were 
younger, more frequent male, had a lower body mass index, a 
lower KSS and partly higher PROMs preoperative (Tables 1 and 
2).

The KSS after 4 and 12 months was higher for CIM TKA 
(p < 0.001, Table 2). Anatomical alignment and stability was bet-
ter for CIM TKA (Table 3 and Supplementary material Table 6). 
For some patients (14%), the KSS after 12 months was miss-
ing: they did not attend the control visit because of freedom of 
complaints or restrictions due to the pandemic situation in 2020.

Patient satisfaction was high in both groups and did not dif-
fer after 4 and 12 months (p = 0.670 and p = 0.663, Table 4). 
All PROMs improved for both groups from baseline to 4 and 
12 months, and from 4 to 12 months (p < 0.001). No differences 
in PROMs were found between the groups after 12 months 
(Table 2, Fig. 2). In both groups, the majority of patients 
improved above the MID after 12 months (Fig. 3). For overall 
improvement, most patients reported a “very much better” or 
“substantially better” overall knee state (CIM 86%, OTS 87%). 
Almost all patients would undergo the surgery again (CIM 95%, 
OTS 95%).

Adverse events are described in Table 5. Revision rate was 0% 
for CIM TKA and 2% (4/182) for OTS TKA. 

Subgroup differences

Male patients were on average 1.6 years younger (p = 0.148) and 
mostly presented with higher preoperative PROMs, in total and 
in both TKA groups. Postoperative, no differences were found 
in PROMs compared to female patients (Supplementary mate-
rial Table 8 and Fig. 4). Satisfaction after 12 months was slightly 
higher in female patients (female 90%, male 85%; p = 0.164) but 
not correlated to sex.

One third of the patients were younger than 65 years. Sub-
group analyses between patients younger and older than 65 years 
revealed no preoperative differences. After 4 months, younger 
patients presented with lower PROMs (Supplementary material 
Table 9 and Fig. 5). After 12 months, the KOOS symptoms and 
KOOS quality of life were still lower for younger patients. Satis-
faction after 12 months did not differ (younger 88%, older 89%; 
p = 1.000) and was not correlated to age.

Correlation

Satisfaction after 12 months was not correlated to any variables 
of patients’ characteristics (p = 0.121 to 0.963), type of implant 
(p = 0.740), preoperative KSS (p = 0.446) or preoperative 
PROMs (p = 0.168 to 0.892). A medium to strong correlation 
existed between satisfaction after 12 months and all outcomes 
after 4 and 12 months (Supplementary material Table 6).

Table 2  KSS and PROMs before and after the surgery

CIM customised individually made, OTS off-the-shelf, n number, SD standard deviation, CI confidence interval, KSS Knee Society Score, KOOS 
Knee injury and Osteoarthritis Outcome Score, FJS-12 Forgotten Joint Score, VAS visual analogue scale

Before surgery 4 months 12 months

CIM
n = 74

OTS
n = 169

p value CIM
n = 74

OTS
n = 169

p value CIM
n = 74

OTS
n = 169

p value

Mean (± SD) (95% CI) Mean (± SD) (95% CI) Mean (± SD) (95% CI)

KSS 52.8
(± 11.9)

57.1
(± 13.4)

0.018
(− 7.9 to − 0.8)

90.4
(± 7.7)

85.3
(± 9.1)

 < 0.001
(2.7 to 7.6)

94.2
(± 7.5)

88.9
(± 8.6)

 < 0.001
(2.8 to 7.7)

KOOS symptoms 51.2
(± 16.8)

46.0
(± 18.0)

0.018
(0.4 to 10.1)

68.6
(± 15.3)

69.9
(± 16.4)

0.543
(− 5.8 to 3.1)

77.8
(± 16.0)

79.2
(± 14.9)

0.507
(− 5.6 to 2.8)

KOOS pain 49.6
(± 16.4)

41.9
(± 13.7)

 < 0.001
(3.7 to 11.7)

71.7
(± 16.9)

71.7
(± 16.8)

1.000
(− 4.7 to 4.7)

84.5
(± 16.1)

82.2
(± 15.8)

0.321
(− 2.2 to 6.6)

KOOS daily 
living

57.4
(± 15.8)

48.2
(± 15.7)

 < 0.001
(4.8 to 13.5)

78.0
(± 14.8)

77.1
(± 14.0)

0.671
(− 3.1 to 4.8)

87.2
(± 13.8)

84.3
(± 14.5)

0.151
(− 3.1 to 6.8)

KOOS sports 23.4
(± 18.8)

19.9
(± 18.3)

0.198
(− 1.8 to 8.7)

49.9
(± 24.5)

51.1
(± 25.7)

0.764
(−8.9 to 6.6)

68.1
(± 21.8)

62.4
(± 27.3)

0.141
(− 1.9 to 13.1)

KOOS quality 
of life

25.1
(± 13.0)

24.6
(± 14.1)

0.399
(− 3.3 to 4.3)

56.8
(± 20.6)

58.4
(± 20.3)

0.577
(− 7.2 to 4.1)

71.9
(± 21.5)

69.8
(± 21.8)

0.495
(− 3.9 to 8.1)

FJS-12 17.6
(± 12.4)

13.5
(± 13.1)

0.026
(0.5 to 7.6)

48.2
(± 25.6)

41.7
(± 26.0)

0.078
(− 0.7 to 13.8)

67.3
(± 25.0)

60.0
(± 29.2)

0.063
(− 0.4 to 15.1)

EQ-5D-3L 0.615
(± 0.184)

0.614
(± 0.182)

0.983
(− 0.050 to 

0.051)

0.826
(± 0.158)

0.780
(± 0.149)

0.066
(− 0.003 to 

0.088)

0.876
(± 0.142)

0.858
(± 0.140)

0.351
(− 0.020 to 

0.057)
EQ-VAS 63.8

(± 22.3)
62.2
(± 20.5)

0.592
(− 5.5 to 6.9)

79.4
(± 13.7)

74.4
(± 15.5)

0.055
(− 0.1 to 8.9)

81.2
(± 15.6)

79.4
(± 14.9)

0.405
(− 2.4 to 5.9)
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Discussion

The most important finding of the present study was that patient 
satisfaction after 12 months was high and did not differ between 
CIM and OTS TKA. Our hypothesis could not be confirmed. 

Further, the percentage of satisfied patients in both groups was 
in the same range or slightly higher than reported in previous 
studies [6, 29, 47, 55].

Preoperative, patients in the CIM TKA group tend to be 
younger, male and presented with less subjective impairment. In 
our hospital, CIM TKA are currently only covered for patients 

Table 3  Surgeon completed part of the KSS in detail before and after the surgery

CIM customised individually made, OTS off-the-shelf, KSS Knee Society Score, n number, SD standard deviation

KSS Before surgery 12 months

CIM
n = 74

OTS
n = 169

p value CIM
n = 66

OTS
n = 144

p value

Anatomic alignment, n (%) 0.150 0.072
Neutral: 2–10° valgus 12 (16%) 42 (25%) 64 (97%) 130 (90%)
Varus: < 2° valgus 46 (62%) 83 (49%) 1 (2%) 13 (9%)
Valgus: > 10° valgus 16 (22%) 44 (26%) 1 (2%) 1 (1%)

Medial/lateral instability, n (%)  < 0.001  < 0.001
None 0 (0%) 19 (11%) 55 (83%) 71 (49%)
Little or < 5 mm 20 (27%) 95 (56%) 10 (15%) 60 (42%)
Moderate or 5 mm 45 (61%) 48 (28%) 1 (2%) 13 (9%)
Severe or > 5 mm 9 (12%) 7 (4%) 0 (0%) 0 (0%)

Anterior/posterior instability, n (%)  < 0.001  < 0.001
None 5 (7%) 56 (33%) 60 (91%) 76 (53%)
Moderate < 5 mm 64 (86%) 109 (65%) 6 (9%) 66 (46%)
Severe > 5 mm 5 (7%) 4 (2%) 0 (0%) 2 (1%)

Range of motion, mean° (± SD) 118 (± 15) 116 (± 15) 0.268 126 (± 10) 124 (± 10) 0.378
Flexion contracture, n (%) 0.088 0.234

None 18 (24%) 53 (31%) 64 (97%) 132 (92%)
1–5° 20 (27%) 55 (33%) 1 (2%) 12 (8%)
6–10° 24 (34%) 40 (24%) 0 (0%) 0 (0%)
11–15° 9 (11%) 19 (11%) 1 (2%) 0 (0%)
 > 15° 3 (4%) 2 (1%) 0 (0%) 0 (0%)

Extensor lag, n (%) 0.193 0.236
None 18 (24%) 50 (30%) 64 (97%) 133 (92%)
 < 10° 38 (51%) 93 (55%) 1 (2%) 11 (8%)
10–20° 17 (23%) 26 (15%) 1 (2%) 0 (0%)
 > 20° 1 (1%) 0 (0%) 0 (0%) 0 (0%)

Table 4  Patient satisfaction 
after 4 and 12 months

CIM customised individually made, OTS off-the-shelf, n number

4 months 12 months

CIM
n = 70

OTS
n = 160

CIM
n = 74

OTS
n = 168

Satisfied 60 (86%) 141 (88%) 64 (87%) 150 (89%)
 Very satisfied 30 (43%) 77 (48%) 34 (46%) 78 (46%)
 Satisfied 30 (43%) 64 (40%) 30 (41%) 72 (43%)

Not satisfied 10 (14%) 19 (12%) 10 (13%) 18 (11%)
 Neutral 7 (10%) 18 (11%) 5 (7%) 15 (9%)
 Unsatisfied 1 (1%) 1 (1%) 4 (5%) 3 (2%)
 Very unsatisfied 2 (3%) 0 (0%) 1 (1%) 0 (0%)
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with a supplementary insurance, which explains the difference 
in insurance status and might be an indicator for a higher socio-
economic status. However, data about the socio-economic status 
of our patients are not available.

The current study is the first to prospectively compare CIM 
and OTS TKA regarding patient satisfaction and PROMs. A high 
satisfaction rate and clear improvements over time in all PROMs 
were found; however, there were no differences between both 
groups. Another retrospective study found comparable KOOS 
results, also without any differences, but with a higher satisfac-
tion in patients with CIM TKA [32]. The results of the KOOS 
sports were lower compared to the other KOOS subscales, which 
can possibly be explained by the advanced age at which patients 

no longer perform activities like running, jumping or kneeling. 
Advanced PROMs, like the FJS-12, are more discriminating and 
might be more appropriate for younger and active patients [49]. 
Patients with CIM TKA tended to have a higher FJS-12, indicat-
ing that these patients are less aware of their artificial joint in 
everyday life. However, the FJS-12 was also noticeably lower in 
younger patients.

The postoperative KSS was high and, likewise in 
another study [32], higher for CIM TKA. CIM TKA were 
mostly neutrally aligned, which is due to the implant 
design, instruments and the planning of the surgery [45]. 
Stability was clearly better in CIM TKA, notably the issue 
of midflexion instability was eliminated in most of the 
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Fig. 2  Boxplots of KSS and PROMs before and after the surgery. CIM customised individually made, OTS off-the-shelf, KSS Knee Society 
Score, KOOS Knee injury and Osteoarthritis Outcome Score, FJS-12 Forgotten Joint Score, VAS visual analogue scale



 Knee Surgery, Sports Traumatology, Arthroscopy

1 3

cases [33, 43]. The shape of the CIM implant resembles 
the original condylar shapes, consequently, the interac-
tion between the individually given ligaments and the 
implanted prosthesis results in better kinematical behav-
iour. It has been shown, that CIM TKAs are associated 
with an increased manipulation rate due to sporadic lower 
range of motion [53], which we could not confirm. Under-
standably, surgeons tend to fit CIM TKA too tight in the 
beginning, because of the initial fear to resect too much 
bone and due to the limited implant options. Experience 
helps to find the ideal laxity references intraoperative 
which results in a low manipulation rate.

A higher rate of revisions and adverse events was observed 
in patients with OTS TKA. It might be due to the smaller sam-
ple of CIM TKA. A longer follow-up is needed to clearly show 
differences between the two groups. Regardless, our findings 
are in accordance with data from the Swiss Implant Registry: 
the 2-year revision rate is 3.4% (iTotal: data not yet available; 
 Attune®: 3.6%), with patellar problems occurring in about every 
third patient scheduled for revision [42].

Other studies on CIM TKA found improved alignment 
[18, 36, 45], decreased blood loss and hospital stay [39] and 
reduced total costs [27]. A large retrospective study recently 
found a high satisfaction rate (89%, mean follow-up 2.8 years) 
and high implant survivorship (98.5%) [37]. However, based on 
the current evidence, CIM TKA are not clearly superior [24, 
25, 51] and long-term results are not yet available. A recent 
systematic review revealed the lack of strong methodological 
studies [51]. Dissatisfaction after TKA remains challenging and 
influencing factors are not yet fully understood. In addition to 
implant design and clinical outcome, PROMs need to be further 
investigated.

Strengths of this study are the prospective comparative 
design and the number of recruited patients, as the avail-
ability of CIM TKAs is relatively recent. The number of loss 
to follow-up was very low and a broad set of PROMs was 

used. Nevertheless, our study has some limitations and needs 
to be interpreted accordingly. A selection bias could not be 
prevented as we are located in a private hospital and CIM 
TKA patients require a supplementary insurance. Given that 
and the possible intolerance of patients, a randomised con-
trolled trial has not yet been practical. However, the  Attune® 
implant in the OTS TKA group is with over 3000 implants 
per year by far the most applied implant in Switzerland [42]. 
Because of the observational study design, the influence of 
other confounders cannot be excluded. The study focussed 
on patient satisfaction and PROMs, hence, knee alignment 
was not examined in detail, e.g. the hip–knee–ankle angle. 
Relevant differences between the two groups in postoperative 
alignment, classified according to the KSS, were not found. 
The follow-up is only short-term as long-term data are prefer-
able but not yet available. However, for studies with PROMs 
as primary outcome, it was shown that a 12-month follow-
up after TKA is adequate as results are consistent [28, 35]. 
This study showed that patient satisfaction is high for CIM 
and OTS TKA, and both achieve good clinical outcome and 
PROMs.
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Fig. 3  Proportion of patients with PROM results above the MID after 12 months. CIM customised individually made, OTS off-the-shelf, MID 
minimal important difference, KOOS Knee injury and Osteoarthritis Outcome Score, FJS-12 Forgotten Joint Score

Table 5  Number of postoperative adverse events

CIM customised individually made, OTS off-the-shelf, n number
*Excluded from the analyses

Adverse events CIM OTS

Arthrolysis 2
Diagnostic arthroscopy to exclude an 

infection
1

Pulmonary embolism 1
Deceased 1
Secondary patellar resurfacing 2*
Complete revision 2*
Quadriceps tendon rupture 1*
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Conclusions

This prospective cohort study found no difference in sat-
isfaction between patients with CIM and OTS TKA after 
12 months. In both groups, satisfaction was high and PROMs 
improved considerably. We believe that it is important to fur-
ther investigate patient-reported outcome and factors that affect 
the outcome to gain a better understanding of satisfaction after 
TKA.
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