
Vol:.(1234567890)

Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:918–927
https://doi.org/10.1007/s00167-021-06471-5

1 3

KNEE

Patient‑specific instruments do not show advantage over conventional 
instruments in unicompartmental knee arthroplasty at 2 year 
follow‑up: a prospective, two‑centre, randomised, double‑blind, 
controlled trial

Alexandra M. Leenders1,5   · Nanne P. Kort2 · Koen L. M. Koenraadt3 · Rutger C. I. van Geenen3 · Jasper Most1 · 
Bart Kerens4 · Bert Boonen1 · Martijn G. M. Schotanus1,6

Received: 31 August 2020 / Accepted: 21 January 2021 / Published online: 11 February 2021 
© European Society of Sports Traumatology, Knee Surgery, Arthroscopy (ESSKA) 2021

Abstract
Purpose  The aim of this two-centre RCT was to compare pre- and post-operative radiological, clinical and functional out-
comes between patient-specific instrumentation (PSI) and conventional instrumented (CI) unicompartmental knee arthro-
plasty (UKA). It was hypothesised that both alignment methods would have comparable post-operative radiological, clinical 
and functional outcomes.
Methods  One hundred and twenty patients were included, and randomly allocated to the PSI or the CI group. Outcome 
measures were peri-operative outcomes (operation time, length of hospital stay and intra-operative changes of implant size) 
and post-operative radiological outcomes including the alignment of the tibial and femoral component in the sagittal and 
frontal plane and the hip–knee–ankle-axis (HKA-axis), rate of adverse events (AEs) and patient-reported outcome measures 
(PROMs) pre-operatively and at 3, 12 and 24 months post-operatively.
Results  There was a statistically significant difference (p < 0.05) in alignment of the femoral component in the frontal plane 
in favour of the CI method. No statistically significant differences were found for the peri-operative data or in the functional 
outcome at 2-year follow-up. In the PSI group, the approved implant size of the femoral component was correct in 98.2% 
of the cases and the tibial component was correct in 60.7% of the cases. There was a comparable rate of AEs: 5.1% in the 
CI and 5.4% in the PSI group.
Conclusion  The PSI method did not show an advantage over CI in regard of positioning of the components, nor did it show 
an improvement in clinical or functional outcome. We conclude that the possible advantages of PSI do not outweigh the 
costs of the MRI scan and the manufacturing of the PSI.
Level of evidence  Randomised controlled trial, level I.
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Introduction

Unicompartmental knee arthroplasty (UKA) has been used 
in the treatment of unicompartmental knee osteoarthritis for 
several decades. Advantages of UKA over total knee arthro-
plasty (TKA) include faster return to work and a lower rate 
of adverse events (AEs) [12, 35]. Furthermore, a recent 
study also showed UKA is more cost-effective than TKA in 
patients with medial compartment osteoarthritis [3]. Large 
cohorts have demonstrated excellent long-term survival rates 
[1, 33]. However, the joint registries have demonstrated a 
lower survival rate compared to TKA [28]. As the survival 
of UKA is influenced by the alignment of the implants, the 
surgical technique can still be improved [18]. Achieving the 
correct alignment in UKA is technically demanding and 
associated with a significant learning curve [30].

Deviations of more than 3 degrees from a perpendic-
ular cut to the tibial mechanical axis are associated with 
decreased survival of the prosthesis, which would suggest 
a low tolerance for tibial component malpositioning [10, 
18, 30, 36]. An instrumentation method that has now been 
available for 10 years is the patient-specific instrumenta-
tion (PSI). With this instrumentation method, it is theo-
retically possible to accurately plan the position and size 
of the implants, prior to surgery, based on magnetic reso-
nance imaging (MRI) or computed tomography (CT) [33]. 
Another possible advantage of the PSI is a shorter opera-
tion time and reduced blood loss, as already described in 
the use of PSI in TKA, but research on this topic in UKA 
is still inconclusive [8, 9, 11]. Retrospective research of 
the present study group showed no advantage in alignment 
or in functional outcome in comparison to conventional 
instrumentation [27]. As correct component positioning is 
critical to the success and survival of UKA, technologies to 
improve alignment accuracy may, therefore, greatly benefit 
UKA and need to be thoroughly investigated. This is the 
first independent multi-centre RCT, assessing the radio-
logical and functional outcome, as well as the rate of AEs 
of PSI in UKA in a study population of 120 patients. It 
was hypothesised that both alignment methods would have 
comparable clinical results, post-operative radiological and 
functional outcomes.

Materials and methods

Between April 2015 and July 2017, 120 patients were pro-
spectively included in two different teaching hospitals, the 
Amphia Medical Centre (Breda, the Netherlands) and the 
Zuyderland Medical Centre (Sittard-Geleen, the Nether-
lands). Inclusion criteria were: a painful and disabled knee 

joint resulting from single medial osteoarthritis with at 
least Kellgren–Lawrence grade II on the radiograph [22]; 
age above 18 years; body mass index (BMI) below 35 kg/
m2; an informed consent read, understood and signed by 
the patient; willingness to follow instructions and return to 
the outpatient clinic for follow-up. The following character-
istics were considered as exclusion criteria: patients with 
osteoarthritis of more than only the medial knee compart-
ment; patients with rheumatoid arthritis; a failure of pre-
vious joint replacement; major knee surgery (e.g. an open 
reduction and internal fixation of a tibial plateau fracture) 
except for arthroscopic meniscectomy; those who have or 
had an active infection in the knee or an active infection 
elsewhere in the body which could spread to the implant site; 
patients with metal implants such as plates and screws or a 
joint prosthesis near the knee joint (MRI scan not possible); 
individuals who were not eligible for MRI for other reasons 
(e.g. presence of a pacemaker, an implantable cardioverter-
defibrillator) and those with anterior or posterior cruciate 
ligament insufficiency.

Two patients in the intervention group withdrew from 
the study. Two patients who were randomised to the inter-
vention group were operated on using conventional instru-
mentation. One because the quality of the MRI scan was 
not suitable for the manufacturing of PSI. The other patient 
received an implantable cardioverter-defibrillator (ICD) 
after inclusion, and was, therefore, not suitable for MRI. 
These patients were included in the CI group (intention to 
treat) to avoid the effects of crossover and dropout—this is 
acceptable for the analysis of controlled clinical trials [32]. 
In the CI group, three patients received a TKA instead of a 
UKA. One patient received a TKA because of an anterior 
cruciate ligament (ACL) tear, another patient because of 
peri-operatively observed grade IV lateral chondropathy 
and the third patient because there was a mismatch in the 
flexion–extension gap.

An informed consent was signed by all patients who were 
enrolled in this study. In both Medical Centres, patients 
were treated by one surgeon (RG and NK). Both surgeons 
are considered high volume surgeons in UKA, with more 
than 40 cases per year [2]. Patients were randomly allocated 
to one of the two treatment groups; the PSI group (inter-
vention group) or the CI group (control group), with the 
use of a computer-based random number generator (www.
rando​mizer​.org). Patients had an equal opportunity of being 
assigned to one of both groups. A total of 120 cases was 
included, independent of numbers per centre. Forty-seven 
patients were treated in the Amphia medical centre, whilst 
the remaining 73 patients were treated in the Zuyderland 
medical centre. Patients were not informed on the type of 
group allocation. The examiner, an orthopaedic surgery 

http://www.randomizer.org
http://www.randomizer.org
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resident, was blinded to the treatment allocation of the 
patients in both centres. The surgeon was not blinded for 
group allocation. For blinding purposes, an MRI was done 
in all included patients in both the intervention and control 
group, according to the PSI (Signature™, Zimmer-Biomet 
Inc., Warsaw, IN) scanning protocol. This protocol includes 
low-resolution scans of the hip and ankle, and a high-reso-
lution scan of the knee [37]. The MRI scan was performed 
at least 6 weeks prior to the day of surgery. In case the 
patient was treated in the intervention group, the PSI system 
(Signature™, Zimmer-Biomet Inc., Warsaw, IN) was used. 
In case the patient was treated in the control group, the CI 
(Microplasty®, Zimmer-Biomet Inc., Bridgend, UK) was 
used. All patients were operated with the mobile-bearing 
Oxford® Partial Knee Phase III (Zimmer-Biomet Inc., Brid-
gend, UK) [6] and use of a tourniquet.

If the patient was allocated to the intervention group, a 
digital plan of the proposed per-operative positioning of 
the prosthesis was made available by a technician, based 
on the MRI scan. The surgeon approved every default set-
ting and made adjustments in implant component size if 
necessary. After the approval of the default plan by the 
surgeon, PSI was manufactured (Materialise, Leuven, 
Belgium). The default component position was set at 0 
degrees to the mechanical axis for both the femur and tibia 
in the frontal plane, 10 degrees flexion in relation to the 
anatomical axis for the femoral component in the sagit-
tal plane and 4 degrees posterior slope in relation to the 
mechanical axis for the tibial component in the sagittal 
plane [21, 37].

Pre- and post-surgery, a standard anterior–posterior 
(AP), lateral radiograph and a long-leg standing radi-
ograph were obtained. Six weeks post-operatively a 
fluoroscopically checked radiograph (radiograph centred 
to obtain a true AP view of the tibial component) was 
obtained. The fluoroscopically checked radiographs and 
long-leg standing radiographs at 6 weeks were used to 
determine the alignment and placement of the prosthesis 
(Figs. 1, 2), according to the guidelines for radiologic 
evaluation of the Oxford group [6]. In the frontal plane, 
the position of the femoral component was determined 
as the angle between the mechanical axis of the femur 
and the lateral side of the component. The tibial posi-
tion in the frontal plane was determined as the angle 
between the mechanical axis of the tibia and the tibial 
component. In the sagittal plane, the femoral position 
was determined as the angle between the anatomical 
femoral axis and the central post of the component, and 
the tibial position as the angle between the posterior 
tibial cortex and the undersurface of the tibial compo-
nent. The software used for measuring could measure 

within 0.1°. Deviations into varus, flexion and posterior 
slope are positive values, whereas deviations into valgus, 
extension and anterior slope are negative values. Outli-
ers were described as out of the safe zone as described 
by the phase III Oxford Partial Knee manual, and can 
be found in Table 2 [6]. The long-leg standing X-rays 
were used to determine the hip–knee–ankle-axis (HKA-
axis). This radiographic evaluation was performed twice 
by two independent examiners (AL and MK). The time 
between two readouts varied between 2 and 8 weeks. 
The intra- and inter-class correlation coefficients (ICCs) 
were calculated.

Peri-operative data, including operative time and length 
of hospital stay were recorded.

The number of pre-operative changes in component size 
compared to the default plan was recorded. The number of 
peri-operative adjustments in component size compared to 
the surgeons’ pre-operative plan was also recorded. These 
changes were divided in 3 categories: identical size, devia-
tion of 1 size, deviations of more than 1 size and whether 
up- or downsized.

Pre-operatively and at any follow-up appointment at 3, 
12 and 24 months, patients were asked to complete four 
PROMs prior to consultation. The Oxford Knee Score 
(OKS) is a 12-item patient-reported outcome measure that 
assesses pain, function activities of daily living and knee-
stability after knee arthroplasty and scores 12–60; 12 being 
the best outcome [17]. The Western Ontario and McMaster 
Universities Arthritis Index (WOMAC) is a self-admin-
istered questionnaire for people with osteoarthritis of the 
knee and hip, divided into three subscales: pain, stiffness 
and functional limitation. It scores from 0 to 100; 100 being 
the best outcome [5]. The EuroQuol-5D Visual Analogue 
Scale (EQ-5D-VAS) assesses overall health status using a 
visual analogue scale from 0 to 100; 100 being the best 
outcome and comprises 5 dimensions; mobility, self-care, 
usual activities, pain/discomfort and anxiety/depression 
[15]. The Numeric Rating Scale for pain (NRS-pain) scores 
0–10; 10 being the most pain the patient can imagine [25]. 
The Forgotten Joint Score (FJS) was completed at 24-month 
follow-up [34]. The FJS assesses the patients’ ability to for-
get their artificial joint in daily life. It consists of 12 ques-
tions and the score ranges from 0 to 100; 100 being the best 
outcome [34].

AEs were registered during the follow-up period of 
2 years and were retrieved from the digital patient files.

This study was approved by the ethical committee (Zuyd 
Heerlen, the Netherlands; IRBNr. 12T92) and registered 
online at the Dutch Trial Register (www.trial​regis​ter.nl, Nr. 
NTR4278).

http://www.trialregister.nl
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Statistical analysis

All statistical analyses were performed using SPSS soft-
ware version 21.0 (SPSS Inc., Chicago, Illinois). This 
study was powered on two primary endpoints. One being 
the difference in Oxford Knee Score (OKS) at 2-year fol-
low-up. The other being the difference in percentage of 
outliers in alignment in the frontal position of the femoral 
and tibial component at 6 weeks post-operative, as meas-
ured on fluoroscopically checked X-rays. Based on the 
former (OKS), 110 patients should be included [26, 29]. 
For the radiological outcome, 22 patients would suffice 
to generate enough power for the alignment endpoint. In 
anticipation of possible loss-to-follow-up, 120 patients 
were included in this study. The Shapiro–Wilk test showed 
that the data were normally distributed. Chi-square test 
was used to examine differences in proportions. Student’s 

t tests were performed on significant interactions. Intra- 
and inter-class correlation coefficients (ICCs) with 95% 
confidence intervals were calculated to check for intra- 
and inter-observer reliability (ICC 0.5–0.75 is consid-
ered to be moderate, ICC 0.75–0.9 is considered to be 
good and ICC ≥ 0.9 is considered to be excellent) [23]. A 
threshold for all statistical comparisons of p value ≤ 0.05 
was considered to be statistically significant. Data are 
presented as means with standard deviations (SD), or fre-
quencies (%).

Results

Figure 3 shows a diagram of the number of patients enrolled 
and analysed in the study during the 2-year follow-up period.

Fig. 1   Radiologic evaluation of 
the components in the frontal 
plane. a Angle between the 
mechanical axis and the femoral 
component (varus/valgus). b 
Angle between the mechanical 
axis of the tibia and the under-
surface of the tibial component 
(varus/valgus) [27]
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Baseline and operative data can be found in Table 1.
The inter-class coefficient between both investigators for 

X-ray measurements was 0.668 for the A-angle, 0.898 for the 
C-angle, 0.700 for the B-angle and 0.733 for the D-angle. 
The mean pre-operative HKA-axis in the PSI group was 6.0 
(2.8) and in the CI group 6.2 (3.1) (p = n.s.). The mean post-
operative HKA-axis was 5.2 (3.0) in the PSI group and 5.1 
(3.2) in the CI group (p = n.s.).

Alignment of the femoral and tibial components and out-
liers can be found in Table 2.

Table 3 shows the number and percentage of identi-
cal sized in approved templates (surgeon) and agreement 
between the surgeon and technician.

There were no statically significant differences in the out-
come of the PROMs between both the groups. PROMs are 
summarised in Table 4.

There were no statistically significant differences in the 
total rate of AEs (p < 0.05) between both groups. The AEs 
and their percentages in the total population can be found 
in Table 5.

Discussion

The most important finding of this study was a statistically 
significant higher accuracy (according to the safe zones as 
described in the phase III Oxford Partial Knee Manual [6]) 
of the femoral component positioning on the post-operative 
X-rays in the frontal plane using CI compared to PSI while 
peri-operative data (OR time and length of hospital stay), 
functional outcome (PROMs) and rate of AEs were compa-
rable. The femoral component showed fewer outliers than 
the tibial component, which is in line with prior research 
[24]. The mean varus/valgus angle was statistically differ-
ently closer to the desired angle of zero degrees according 
to the phase III Oxford Partial Knee Manual [6] in of CI 
UKA. However, as there is only one outlier in the PSI group, 
the clinical relevance is probably rather low. There is no 
clinical evidence showing that the safe zones for the femoral 
component as prescribed by the Oxford Guidelines would 
be too large as there is for the tibial component [10, 18, 36]. 
The radiological outcome in the frontal plane of the tibial 
component showed the largest difference in the number of 
outliers in favour of the PSI group according to the phase 
III Oxford Partial Knee Manual [6]. This difference did not 
reach significance. This study showed no difference in poste-
rior slope in favour of CI like a study by Alvand et al. did [1]. 
Modifications to prevent deep tibial cuts were made to the 
PSI algorithm in the meantime, which can be an explanation 
for this [1]. The alignment of the tibial component is associ-
ated with prosthesis survival as malpositioning increases the 
risk of component migration and loosening [10, 18, 19, 36]. 
The Oxford Guidelines, describe rather large ‘safe zones’, 
whilst some research suggests as little as 3° deviation in the 
frontal plane is correlated with decreased prosthesis sur-
vival [10, 18, 36]. Due to radiation exposure, a standard 
post-operative CT-scan was not performed. Since there is 
only limited literature available on this particular subject, 

Fig. 2   Radiologic evaluation of the components in the lateral plane. c 
Angle between the anatomical femoral axis and the post of the com-
ponent (flexion/extension). d Angle between the posterior tibial cor-
tex and undersurface of the tibial component (posterior slope). [27]
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efforts should be made in the future to investigate this as a 
recent study by Kamenaga et al. showed an important role 
of tibial component rotation in short-term clinical outcome 
[20]. The mean post-operative HKA-axis has a slight degree 

of varus, which in line with previously recommended range 
for improving survivorship [4].

In this study, no statistically significant differences could 
be observed in OR time, which is in line with prior research 
on this topic [27]. A possible explanation for this is that the 
Microplasty instrumentation is already highly efficient.

Several other studies showed that the accuracy in predict-
ing the implanted femoral component size was higher than 
the tibial component size. [1, 4, 16, 27, 33]. In the present 
study, the tibial component was downsized in the majority 
of cases. A possible explanation for this is that attempts not 
to injure the anterior cruciate ligament (ACL) could result 
in unexpected changes in the tibial tray surface and therefore 
changes in component size [13]. If the pre-operative plan 
would consider the position of the ACL, this could theoreti-
cally improve the accuracy. As MRI scanning is used in the 
pre-operative plan, this might be a possibility. Another rea-
son for the downsizing of the tibial component is most likely 
that after the removal of osteophytes, the tibial component 
can be downsized. In our experience, the size of these osteo-
phytes is difficult to determine on the pre-operative MRI 
scan and to avoid suboptimal bone coverage the planning 

Fig. 3   Diagram of the number 
of patients enrolled and ana-
lysed in the study at baseline 
and at every follow-up moment

Assessed for eligibility 
(n=132)

Randomised (n=120)

Allocated to PSI (n=60)
- Received allocated
intervention (n=56)
- Withdrew (n=2)
- Received CI (n=2)

Allocated to CI (n=60)
- Received allocated
intervention (n=57)
- Conversion to TKA (n=3)

Excluded (n=12)
- Declined to participate (n=9)
- BMI>35 (n=1)
- Rheumatoid arthritis (n=1)
- Metal near knee joint (n=1)

Enrollment

Allocation

Immediate post-
operative FUAnalysed radiographs and

accuracy of sizing (n=56)

Analysed radiographs
accuracy of sizing
(n=59)

3 months FU
Analysed AEs (n=55)
- 1 deceased 
Analysed PROMs (n=53)
- 2 AEs 

Analysed AEs (n=58)
- 1 deceased 
Analysed PROMs (n=57)
- 1 AEs 

Analysed AEs (n=53)

Analysed PROMs (n=53)

Analysed AEs (n=58)

Analysed PROMs (n=55)
- 2 AEs 

12 months FU

Analysed AEs (n=52)
- 1 Lost to follow-up

Analysed PROMs (n=51)
- 1 AE

24 months FU
Analysed AEs (n=54)
- 2 Lost to follow-up

Analysed PROMs (n=53)

Table 1   Baseline and operative data of the included patients are pre-
sented as mean (SD) or absolute numbers (%) for both groups

PSI (n = 56) CI (n = 59) p value

Age at index surgery, yr 65 (8.2) 64 (11.7) n.s
Females, n 35 (61) 29 (49) n.s
BMI, kg/m2 29 (4.3) 29 (4.5) n.s
Left knees, n 22 (39) 24 (41) n.s
Bearing size 3.5 (0.8) 3.32 (1.0) n.s
OR time, min 47 (12.4) 47 (8.4) n.s
Length of stay, days 1 (0.9) 1 (1) n.s
ASA ≤ II, n 52 (93) 56 (95) n.s
Daycare, n 23 (41) 27 (46) n.s
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software has a tendency to overestimate the size of the tibial 
component.

A previous study by this research group showed that 
the planning, approved by the surgeon, was more accurate 
than the default planning [27]. In this study, the difference 
between default and approved planned is less outspoken. 

Table 2   Alignment of the 
femoral and tibial components 
and outliers

Positive values indicate varus, flexion, and posterior slope deviations. Negative values indicate valgus, 
extension, and anterior slope deviations 
a An outlier is defined as out of the safe zone as described by the phase III Oxford Partial Knee manual [6]
b This value was found to be borderline significant with a corresponding p value of 0.053

PSI, n = 56 CI, n = 59 p value

Femoral component frontal plane = A Number of analysed radiographs 44 45
Mean  − 1.5 0.3 0.014
Range  − 10.9–6.1  − 5.7–7.4
Desired 0 0
Safe zonea  − 10–10  − 10–10
N outliers (%)a 1 (2.3) 0 n.s

Femoral component sagittal plane = C Number of analysed radiographs 55 56
Mean 9.0 9.9 n.s
Range 1.8–20.7 2.0–18.2
Desired 10 10
Safe zone * 0–15 0–15
N outliers (%) * 5 (8.9) 4 (7.1) n.s

Tibial component frontal plane = B Number of analysed radiographs 46 48
Mean 1.4 2.0 n.s
Range  − 2.9–6.3  − 5.8–6.9
Desired 0 0
Safe zonea  − 5–5  − 5–5
N outliers (%)a 2 (4.4) 8 (16.7) n.s.b

Tibial component sagittal plane = D Number of analysed radiographs 55 56
Mean 5.1 4.8 n.s
Range  − 2.8–11.3 0.2–15.3
Desired 7 7
Safe zonea  − 5–7  − 5–7
N outliers (%)a 10 (18.2) 8 (14.3) n.s

Table 3   Number and percentage of identical sized in approved tem-
plates (surgeon) and agreement between the surgeon and technician

Identical sizes Femur (n = 56) Tibia (n = 56)

Surgeon vs OR, n (%) 55 (98.2) 34 (60.7)
 Upsized, n (%) 1 (1.8) 2 (3.6)
 Downsized, n (%) 0 20 (35.7)
 Error of 1 size, n (%) 1 (1.8) 17 (30.4)
 Error of > 1 size, n (%) 0 5 (8.9)

Surgeon vs technician, n (%) 54 (96.4) 47 (83.9)
 Upsized, n (%) 1 (1.8) 7 (12.5)
 Downsized, n (%) 1 (1.8) 2 (3.6)
 Error of 1 size, n (%) 2 (3.6) 9 (16.1)
 Error of > 1 size, n (%) 0 0

Table 4   Patient-reported outcome measures at baseline, 3  months, 
1 year and 2 years

PSI mean (95% 
CI)

CI mean (95% 
CI)

p value

OKS Pre 37.6 (26.7–48.6) 35.9 (24.7–47.0) n.s
3 months 22.9 (12.8–33.0) 21.8 (12.5–31.0)
1 year 19.2 (7.3–31.2) 18.3 (6.1–30.5)
2 years 19.9 (10.1–29.7) 18.0 (7.5–28.4)

WOMAC Pre 58.6 (52.3–64.8) 59.1 (52.9–65.2) n.s
3 months 82.0 (76.2–87.9) 81.5 (75.3–87.8)
1 year 88.6 (83.5–93.8) 88.7 (83.6–93.8)
2 years 88.3 (82.9–93.8) 89.5 (84.3–94.8)

EQ-5D Pre 62.4 (51.3–73.5) 67.8 (56.6–79.0) n.s
3 months 74.7 (61.7–87.7) 76.0 (64.1–87.9)
1 year 75.1 (62.6–87.6) 76.5 (63.9–89.1)
2 years 75.6 (65.0–86.2) 74.3 (63.5–85.1)

FJS 2 years 62.6 (9.7–115.6) 59.8 ( − 2.5–122.2) n.s
VAS Pre 6.9 (5.1–8.7) 6.2 (4.3–8.1) n.s

3 months 3.1 (1.9–4.3) 2.5 (1.3–3.7)
1 year 2.0 (0.9–3.2) 2.2 (1.0–3.3)
2 years 1.8 (0.6–3.0) 1.4 (0.2–2.6)
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In general, further improvements to the accuracy of pre-
dicting the tibial component size are necessary to reduce 
hospital stock, and therefore, costs to improve operating 
room efficacy and fine-tune hospital stock [31]. The pre-
sent findings open an interesting discussion on the cost-
effectiveness of PSI in UKA. Only one study mentions an 
estimated rise in costs of €1200 per patient when using 
PSI [33].

The functional outcomes were comparable between both 
groups. However, they show a ceiling effect after 3 months 
post-surgery. This is a well-known limitation of certain 
PROMs [14] and opens an interesting discussion about the 
future of performance-based measurements to assess the 
functional outcome after arthroplasty [7].

The rate of AEs was comparable between both groups 
and the nature of the AEs was comparable to current 
literature. Chronic persisting knee pain is a known com-
plication of UKA and literature suggests it is the cause 
of 8% of early failures. Bearing dislocation is another 
well-known complication of UKA. Literature reports an 
incidence between 2 and 3% [12]. The previous study of 
this research group reported a high rate of tibial frac-
tures, probably caused by the transition from cemented 
to uncemented UKA. The present study supports this 
assumption as there was only one tibial plateau fracture 
[27].

There are several limitations to this study. First, the 
post-operative alignment was assessed on radiographs 
and not on CT-scan as routine CT-scan post-surgery is 
not common practice at the participating centres due to 
radiation exposure. Therefore, the rotational angle could 
not be determined. Furthermore, a part of the post-oper-
ative radiographs was suboptimal, adequate measure-
ment could not be performed on these X-rays. The time 
between two readouts varied between 2 and 8 weeks, and 
therefore, memory confinement could not be ruled out. 
Secondly, all patients were operated by two surgeons who 
have extensive experience with UKA and PSI. Therefore, 
no statements can be made about the outcome of PSI in 
UKA when used by surgeons with less experience in UKA 
surgery. Third, as this study has a follow-up of 2 years, 
no conclusions can be drawn yet about the long-term 
follow-up.

Conclusions

The PSI method did not show an advantage over CI in 
regard of positioning of the components, nor did it show an 
improvement in clinical or functional outcome. We conclude 
that the possible advantages of PSI do not outweigh the costs 
of the MRI scan and the manufacturing of the PSI.
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Table 5   Adverse events and their shares in the total population

AEs and their shares (n = 6) in the total group (n = 115) (5.2%) AEs and their shares (n = 3) in the CI 
group (n = 59) (5.1%)

AEs and their shares (n = 3) in the 
PSI group (n = 56) (5.4%)

Bearing dislocation with revision of the bearing (n = 2) (1.7%) 1 (1.7%), < 6 weeks post-operative 1 (1.8%), < 6 weeks post-operative
Persisting knee pain (n = 2) (1.7%) with revision to TKA 1 (1.7%), 1 year post-operative 1 (1.8%), 1.5 years post-operative
Instability (n = 1) (0.8%) with revision of the bearing 1 (1.7%), 6 months post-operative –
Tibial plateau fracture (n = 1) (0.8%) with revision to TKA – 1 (1.8%), < 6 weeks post-operative
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