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Abstract
Purpose  The purpose of this prospective randomized controlled trial was to compare the clinical outcome and the survival 
rate of total knee arthroplasty between CT- and MRI-based patient-specific instrumentation 5 years after initial surgery.
Methods  At a mean follow-up of 5.8 years (SD 0.3), 98 patients (64% women, loss to follow-up 28%) were included in 
this analysis. To assess the differences in clinical outcome, patients fulfilled PROMs preoperatively and at each follow-up 
moment. At final follow-up, the Forgotten Joint Score was adjusted.
Results  At final follow-up, no new patients underwent revision surgery in both groups. Regarding the clinical outcome, 
no statistically significant difference between the groups was found. The Forgotten Joint Score was only performed at final 
follow-up and showed no significant difference between both groups.
Conclusion  At mid-term follow-up, survival rates between CT- and MRI-based patient-specific instrumentation did not show 
a significant difference. Regarding clinical outcome, only the EQ-5D-VAS (p < 0.040) showed a statistically significant dif-
ference over time, in favor of the MRI-group.
Level of evidence  Level I.

Keywords  Total knee arthroplasty · Patient-specific instrumentation · Magnetic resonance imaging · Computed 
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Introduction

In the treatment of advanced osteoarthritis of the knee joint, 
total knee arthroplasty (TKA) is the most commonly per-
formed method [1]. Multiple techniques are developed for 
the optimization of pre-operative planning of TKA. Patient-
specific instrumentation (PSI) is one of these methods [2, 
3]. This technique uses computed tomography (CT) scans 
or magnetic resonance imaging (MRI) preoperatively to cre-
ate patient specific jigs. These jigs are used during surgery 
and have one possible position on the native anatomy of the 
knee joint [2].

The method of image acquisition is not standardized 
among the different PSI manufacturers. Previous studies 
with only short-term outcomes suggest that MRI-based PSI 
shows less radiological outliers. No differences in the clini-
cal outcome or survival of the prosthesis were found [4–9]. 
A recent systematic literature review and meta-analysis con-
firmed this finding [10]. To our knowledge, no randomized 
controlled trial (RCT) described the differences between 
CT- and MRI-based PSI concerning the clinical outcome 
and survival with mid-term follow-up.

This RCT is a continuation of previously published stud-
ies that compared 137 patients who underwent TKA with 
either CT- or MRI-based PSI [5, 9]. These same patients 
have now been followed up 5 years postoperatively. We 
hypothesized that there would be no statistically significant 
difference in implant survival rate and clinical outcome 
between CT- and MRI-based PSI at 5-year follow-up.
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Material and method

This single-center, prospective, randomized, single-blind 
controlled trial was conducted from June 2014 till Febru-
ary 2015. A total of 137 knees in 137 patients were ana-
lyzed in this study, randomized with an allocation of 1:1 
and underwent TKA with either CT- or MRI-based PSI. 
Patients’ recruitment, baseline characteristics, randomiza-
tion, surgical procedure, peri-operative data and postop-
erative radiological outliers were described in detail in 
the first article [9]. Subsequently, differences regarding 
clinical outcome and survival of the prosthesis at 2-year 
follow-up were defined in another article [5].

At a mean follow-up of 5.8  years (SD 0.3, 95% CI 
5.71–5.88), 98 patients (64% women, 28% loss to fol-
low-up) were included in this analysis. Eleven patients 
(MRI = 6, CT = 5) died of causes unrelated to the TKA 
surgery. Between the 2- and 5-year follow-up, 21 patients 
(MRI = 10, CT = 11) refused to participate any further, 
mostly since they did not want to fulfill the questionnaires. 
An overview of the number of patients at the latest follow-
up analyzed in this study is presented in Fig. 1.

Due to the SARS-CoV-2 pandemic, collecting patients’ 
data was performed differently compared to previous fol-
low-up moments. Most patients were not able to, or allowed 
to visit the outpatient clinic. Therefore, no X-rays were 
obtained and no physical examination was performed. As 
an alternative all patients were contacted by phone to ask if 
revision surgery was performed. In addition, they received 
an envelope containing the different PROMs with the request 
to complete and return these forms. The PROMs used were: 
the 12-item Oxford Knee Score (OKS; 12–60, 12 being the 
highest score) [11], the Western Ontario and McMaster Uni-
versity Index (WOMAC; 0–100, 100 being the highest score) 
[12], a Visual Analog Scale for pain (VAS; 0–100, 100 being 
the highest) [13], the Forgotten Joint Score (FJS-12; 0–100, 
100 being the highest) [14] and the EuroQol (EQ-5D; 1,000 
being the highest score). For the EQ-5D, a single summary 
index was calculated using the value set for the Netherlands 
[15]. Scores on the PROMs were compared between both 
groups at the different follow-up visits.

This study was approved by the Independent Review 
Board (IRB Zuyd Heerlen, the Netherlands; IRB-Nr. 
13T14) and registered online at the Dutch Trial Register 
(Nr. NTR4734). Written informed consent was obtained 
from all individual participants included in the study.

Statistical analysis

The statistical analysis was performed using SPSS soft-
ware version 26.0 (SPSS Inc., Chicago, Illinois). The 

primary study was powered with a two-sided 5% signifi-
cance level and a power of 80%. Based on this calcula-
tion, 70 patients per group were included. Since no new 
patients underwent revision surgery, we did not perform a 
new survival analysis.

A generalized linear mixed model (GLMM) was used to 
assess clinical outcome using PROMs with repeated-meas-
ures. For each item, the mean, 95%-CI and SD as well as 
the p value for the latest follow-up and the p value over time 
were calculated. A p value was considered to be statistically 
significant when p ≤ 0.05.

Results

At the final follow-up, one patient in the CT-group who 
already underwent revision surgery at 2-year follow-up 
underwent a new revision due to dissatisfying results caused 
by a continuance of experiencing pain and instability. No 
other revisions were performed in both groups.

Regarding clinical outcome, only the EQ-5D-VAS 
(p < 0.040) showed a statistically significant difference over 
time, in favor of the MRI-group (Table 1). The Forgotten 
Joint Score was only performed at the 5-year follow-up 
and showed no significant difference between both groups 
(Table 2).

Discussion

The most important finding of the present study was that 
at 5-year follow-up patients’ satisfaction was comparable 
between those operated with use of CT- and MRI-based PSI 
for TKA. Only the EQ-5D-VAS showed a statistically sig-
nificant difference between the groups in favor of the MRI-
group. Baseline characteristics between both groups did not 
differ in the primary study. Possibly patients developed new 
comorbidities disproportionately between both groups, what 
could explain this difference. No new patients underwent 
revision surgery between 2- and 5-year follow-up.

In the primary article, differences between both groups 
regarding adequate positioning of the prosthesis in the 
coronal and sagittal plane were described [9]. In the cur-
rent literature, these differences in postoperative alignment 
between comparable groups are well known [10, 16]. Pub-
lished mid- or long-term clinical results on PSI comparing 
CT- and MRI-based PSI are scarce. To our knowledge, there 
is only one other available study by Kang et al. that stud-
ied clinical outcome at 2 years follow-up between CT- and 
MRI-based PSI in a prospective RCT besides the previous 
study of this paper [17]. Although this study reported simi-
lar outcomes to those in the present study, it reported on a 
posterior stabilized cemented total knee system, while we 
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used a cruciate retaining total knee system. To our knowl-
edge, there are no previous articles describing differences in 
survival of the prosthesis at mid-term between both groups 
at any follow-up moment.

Regarding the clinical outcome, we used multiple PROMs 
and at 5-year follow-up the FJS-12 was added. This scoring 
system assesses how natural the prosthesis feels after TKA 
and thus on what grade patients have “forgotten” they’ve had 
a joint replacement [14]. The FJS-12 is already increasingly 
reported as a PROM in the current literature. Recently, a val-
idation study confirmed adequate measurement properties. 

This study shows the increased reliability of the measure-
ment instrument, and therefore, it is a valuable addition to 
the present study [18, 19]. Much discussion remains on 
whether PROMs are the most adequate measurement tool 
to assess clinical outcome after TKA [20–22]. The main rea-
son for this discussion is that the majority of the commonly 
used PROMs after TKA only meet the minimal requirements 
for psychometric validity. Therefore, further validation stud-
ies are required to ensure a more reliable use of PROMs in 
the evaluation of TKA [23, 24]. Besides PROMs, wearable 
motion sensors are increasingly used to assess the clinical 

Fig. 1   Patient distribution of the included patients at latest follow-up
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outcome following TKA. These are believed to improve the 
understanding of recovery after surgery. At this moment, 
studies regarding wearable motion sensors lack consistency 
[25]. Further research is necessary and may consist of a 
combination of PROMs and wearable motion sensors for 
optimal evaluation of clinical outcome after TKA.

At 5-year follow-up, no new patients underwent revision 
surgery. The primary article described significantly fewer out-
liers for only tibial slope with the MRI-based PSI [9]. A devia-
tion of > 3° from preoperatively planned (for the Biomechan-
ical-axis and the individual components) was considered an 
outlier. The current study suggests that a significant difference 

in outliers for tibial slope does not influence a difference in 
revision surgery at mid-term follow-up. In 2013, Kim et al. 
found that sagittal alignment of the tibial component between 
0° and 7° leads to better survival of the prosthesis [26]. The 
article described a mean time to failure of 9.8 years (range 
8–12.6). This suggests that continued follow-up of our patient 
cohort is warranted to assess differences in the survival rate 
of the prosthesis at long-term. For better prediction of the sur-
vival of the femoral and tibial components, radio stereometric 
analysis (RSA) can be used to early detect migration of the 
components. This could lead to a more accurate compari-
son of two surgical techniques with both favorable outcomes 

Table 1   Mean, standard 
deviation (SD) with confidence 
interval (C.I.) for the PROMs 
at different follow-up moments 
and p values of the generalized 
linear mixed model (GLMM)

MRI-based PSI (n = 44) mean, 
SD, 95% C.I

CT-based PSI (n = 54) mean, 
SD, 95% C.I

p value GLMM

OKS
 Pre 34.4, 7.2 (32.6–37.2) 37.7, 7.4 (35.4–39.9)
 3 months 23.2, 7.6 (20.8–25.6) 23.6, 6.5 (21.6–25.6)
 1 year 20.5, 6.8 (18.4–22.6) 19.9, 5.4 (18.3–21.5)
 2 years 19.8, 6.2 (17.9–21.7) 20.2, 7.7 (18.0–22.5)
 5 years 20.8, 8.5 (18.2–23.4) 23.4, 7.7 (21.1–25.6) 0.154 (n.s.)

WOMAC
 Pre 63.2, 20.5 (56.8–69.7) 59.0, 24.7 (51.6–66.3)
 3 months 84.2, 15.2 (79.4–89.0) 80.9, 16.6 (75.9–85.8)
 1 year 85.0, 16.4 (79.8–90.2) 85.5, 13.8 (81.4–90.0)
 2 years 84.2, 16.1 (79.1–89.3) 85.7, 15.0 (81.2–90.1)
 5 years 80.2, 20.2 (73.9–86.5) 75.5, 20.8 (68.5–80.5) 0.680 (n.s.)

VAS Pain score
 Pre 6.0, 1.8 (5.5–6.6) 6.7, 1.6 (6.2–7.2)
 3 months 2.4, 2.2 (1.7–3.1) 2.8, 2.3 (2.1–3.5)
 1 year 2.2, 2.3 (1.5–3.0) 2.3, 2.4 (1.5–3.0)
 2 years 2.0, 1.9 (1.4–2.6) 2.0, 2.0 (1.4–2.6)
 5 years 1.9, 2.4 (1.2–2.7) 3.0, 2.4 (2.2–3.7) 0.093 (n.s.)

EQ-5D
 Pre 0.8, 0.1 (0.8–0.8) 0.8, 0.1 (0.8–0.8)
 3 months 0.9, 0.1 (0.8–0.9) 0.9, 0.1 (0.8–0.9)
 1 year 0.9, 0.1 (0.9–0.9) 0.9, 0.1 (0.9–0.9)
 2 years 0.9, 0.1 (0.9–0.9) 0.9, 0.1 (0.9–0.9)
 5 years 0.9, 0.1 (0.9–0.9) 0.9, 0.1 (0.9–0.9) 0.838 (n.s.)

EQ-5D VAS
 Pre 68.1, 19.1 (62.2–74.1) 61.9, 18.5 (56.2–67.6)
 3 months 78.1, 16.0 (73.1–83.1) 71.6, 19.9 (65.5–77.7)
 1 year 76.7, 16.2 (71.6–81.7) 74.0, 16.4 (68.9–79.0)
 2 years 74.0, 23.0 (66.8–81.1) 75.8, 14.2 (71.7–80.4)
 5 years 77.6, 16.2 (72.7–82.5) 66.3, 17.0 (61.4–71.2) 0.040

Table 2   Mean, standard deviation (SD), 95% confidence interval (CI) and p values at 5 years follow-up for the Forgotten Joint Score (FJS-12)

FJS-12 MRI-based PSI (n = 44) mean, SD, 95% C.I CT-based PSI (n = 54) mean, SD, 95% C.I p value

5-year follow-up 68.6, 34.5 (58.1–79.1) 63.6, 28.0 (55.2–71.9) 0.480 (n.s.)
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regarding survival of the prosthesis. RSA can be considered in 
future studies comparing two surgical techniques.

The strength of this study lies in the prospective rand-
omized design with a response rate of 70% at mid-term follow-
up. Furthermore, a GLMM was used to analyze the data and is 
considered to be the appropriate method for assessing outcome 
over time [27].

Since to our knowledge, this study is the first randomized 
trial to access the differences between MRI- and CT-based 
PSI from the same manufacture with mid-term follow-up, our 
results suggest that both methods are reliable and can be used 
in TKA surgery.

A limitation of this study could be found in the fact that 
the power and sample size calculation was done for the clini-
cal outcome at 2 years follow-up. Probably, this present study 
was underpowered to detect a significant difference regarding 
survival of the prosthesis. Another noteworthy limitation is 
the fact that due to the pandemic, patients did not visit the 
outpatient clinic. Therefore, no radiological X-rays were taken 
and physical examination was not performed. It also led to 
an increased number of patients (n = 21) that refused further 
participation and this may have increased the loss to follow-up. 
This information should be taken into account at the 10-year 
follow-up.

Conclusion

At mid-term follow-up, survival rates between CT- and 
MRI-based patient-specific instrumentation did not show a 
significant difference. Regarding clinical outcome, only the 
EQ-5D-VAS (p < 0.040) showed a statistically significant dif-
ference over time, in favor of the MRI-group. This suggests 
that both scan modalities are suitable for use in daily practice 
resulting in satisfied outcome.
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