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Abstract
Purpose The primary aim of the study was to examine stability and alignment after total knee arthroplasty (TKA) using 
patient-specific instrumentation (PSI) and conventional instrumentation (CI). The hypothesis was that stability and align-
ment would be better using PSI than CI, 12 months postoperatively. The secondary aim included the evaluation of clinical 
outcomes after TKA.
Methods In this prospective randomized controlled trial, 42 patients with knee osteoarthritis received a Genesis II PS 
prosthesis with either PSI or CI. Patients visited the hospital preoperatively and postoperatively after 6 weeks and 3 and 
12 months. To evaluate stability, varus–valgus laxity was determined in extension and flexion using stress radiographs 
12 months postoperatively. Three months postoperatively, a long-leg radiograph and CT scan were obtained to measure 
hip–knee–ankle (HKA) alignment and component rotation. Furthermore, frontal and sagittal alignment of the components, 
the Knee Society Score, VAS Pain, VAS Satisfaction, Knee injury and Osteoarthritis Outcome score, Patella score (Kujala), 
University of California Los Angeles activity score, anterior–posterior laxity, (serious) adverse device-related events, and 
intraoperative complications were reported. The clinical outcomes were compared using independent t tests or non-parametric 
alternatives, and repeated measurements ANOVA with a significance level of p < 0.05.
Results No significant differences were found between the two groups regarding stability, HKA angle, and rotational 
alignment. In four patients, the PSI did not fit correctly on the tibia and/or femur requiring intraoperative modifications. 
Both groups improved significantly over time on all clinical outcomes, with no significant differences between the groups 
12 months postoperatively. The PSI group showed less tibial slope than the patients in the CI group [PSI 2.6° versus CI 4.8° 
(p = 0.02)]. Finally, the PSI group more frequently received a thinner insert size than the CI group (p = 0.03).
Conclusions Patients operated with PSI did not differ from CI in terms of stability and alignment. However, in the PSI group 
ligament releases were more often required intraoperatively. Furthermore, the two methods did not show different clinical 
results. It seems that the preoperative planning for the PSI facilitates more conservative bone cuts than CI, but whether this is 
clinically relevant should be investigated. Since PSI is more expensive and time consuming than CI, and does not outperform 
CI with regard to clinical results, we recommend to use CI.
Level of evidence I.

Keywords Patient-specific instrumentation · Total knee arthroplasty · Radiological outcome · Varus–valgus laxity · 
Alignment · Clinical outcome

Introduction

Although operating techniques and prosthesis designs in 
total knee arthroplasty (TKA) are improving and the survival 
rate has increased, early implant failure still occurs after 
TKA [10, 13, 22]. A major cause of disappointing results 
is incorrect positioning of the tibial or femoral components 
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[5, 18, 19]. To achieve better implant positioning, patient-
specific instrumentation (PSI) has been introduced as an 
alternative for conventional instrumentation (CI). Although 
this new technique offers interesting opportunities for 
TKA, there is still no consensus in the literature regarding 
the effectiveness of PSI in comparison to CI. A recently 
published review concluded that more studies focusing on 
rotational alignment are required to determine the effect of 
PSI on rotational alignment [17].

In addition to correct (rotational) alignment, soft-tissue 
balancing is essential to achieve stability and proper kin-
ematics after TKA [12, 25, 26]. We currently use a balanced-
gap technique with determination of the femur rotation by 
a tensor in flexion as described by Luyckx et al. [15]. This 
technique has demonstrated accurate femur component 
rotation and excellent stability in flexion after TKA [8, 15]. 
Therefore, the standard TKA procedure with CI in our hos-
pital is a combination of bone-referenced and gap-balancing 
technique. Although PSI is a bone-referenced method, based 
on images obtained with an MRI or CT scan, PSI might have 
a positive effect on knee stability due to the pursued perfect 
bone cuts of the tibial and femoral components. As a result, 
PSI might obtain similar or even better stability compared 
to CI. However, to our knowledge, data concerning the role 
of PSI in soft-tissue balancing in TKA are not yet available.

Therefore, the primary objective of the present rand-
omized controlled trial was to investigate the stability and 
alignment of the knee in patients receiving a TKA using 
PSI compared with CI. Stability was operationalized as the 
varus–valgus laxity in flexion and extension, and alignment 
as the hip–knee–ankle (HKA) angle and rotational align-
ment. The hypothesis was that the PSI group would achieve 
better alignment and stability than the patients operated with 
CI. The secondary objective was to compare the radiologi-
cal, clinical, and functional outcomes between the PSI and 
CI groups.

Materials and methods

This study was a single-center, patient-blinded, randomized 
controlled trial performed in the Department of Orthopedics, 
Sint Maartenskliniek, Nijmegen, The Netherlands. Block 
randomization lists were computer-generated by an inde-
pendent researcher; block size was ten with equal allocations 
to the PSI and CI groups. The randomization sequence was 
concealed to the patient prior to enrollment until 12 months 
postoperatively.

The hospital’s institutional review board and the 
Medical Ethical Review Board of Slotervaart and Reade 
(NL32953.048.11) approved the study protocol. The trial 
is registered under the number NTR3585 at the Dutch trial 

register (The Netherlands trial register; http://www.trialreg-
ister.nl). All participants signed written informed consent.

Participants

Patients with non-inflammatory knee osteoarthritis sched-
uled for a unilateral primary TKA were assessed for eli-
gibility in this study. Patients were included if they were 
40–70 years of age at the time of inclusion, had no large 
deformities (knee flexion < 90°, fixed flexion > 10°, non-
correctable varus/valgus > 10°, extension deficits > 30°), 
and had sufficient femoral and tibial bone stock. Exclusion 
criteria were as follows: a BMI > 35; rheumatoid arthritis; 
active, local, or systemic infections; previous hip and/or 
knee replacement in the last 6 months; sensitive to materials 
in the implants and/or cutting blocks; and contra-indications 
for MRI.

An independent research nurse provided eligible patients, 
who were scheduled for a TKA by one of the three par-
ticipating surgeons (K.C.D., G.G.v.H., A.B.W.), with ver-
bal information and a patient information sheet about the 
study. All patients underwent a preoperative MRI and a 
unilateral AP long-leg radiograph. If the MRI was success-
fully obtained, the patient was randomized into either having 
TKA with PSI or CI.

Intervention

The MRIs of the patients allocated to the PSI group were 
sent to the manufacturer (Smith & Nephew) who developed 
a preliminary surgical plan. The surgical plan included the 
level of resection and the alignment and size of the femoral 
and tibial components according to predetermined default 
settings. The settings included neutral varus/valgus align-
ment based on the mechanical axis, standard distal femoral 
resection and proximal tibial resections for a 9 mm insert 
thickness, 4.0° external femoral component rotation based 
on the posterior condyles, and a posterior tibial slope of 
3.0°. In eight patients, the MRI could not be used to produce 
the PSI due to movement artifacts, and these patients were 
excluded.

Patients received a Genesis II PS (Smith & Nephew, 
Memphis, Tennessee), posterior-stabilized, fixed-bearing, 
cemented TKA with patellar resurfacing. Three experi-
enced orthopedic knee surgeons familiar with the Genesis 
II PS performed all procedures. Depending on randomiza-
tion, the orthopedic surgeons used either the PSI (Vision-
aire, Smith & Nephew) or the CI (standard instrumenta-
tion Genesis II PS, Smith & Nephew). The CI included 
intramedullary femoral and extramedullary tibial guides 
and a ligament tensor. The CI aimed at restoring a neutral 
mechanical axis of the leg: in extension, the preparation of 

http://www.trialregister.nl
http://www.trialregister.nl
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the tibia and femur was bone-referenced and in flexion the 
anterior and posterior femoral cuts were ligament-guided 
using a ligament tensor.

Pre- and postoperative management of the patients with 
regard to drug treatment, rehabilitation protocol, and dis-
charge was carried out according to the standard practice of 
the hospital [20].

Outcomes

Demographic characteristics and disease-related data were 
collected preoperatively. Perioperative data included the 
operation duration (time from first incision until closing the 
skin), estimated blood loss, ligament releases, component 
sizes, and intraoperative complications. Postoperatively, 
the patients visited the hospital after 6 weeks and 3 and 
12 months.

Varus–valgus laxity was determined in extension and 
flexion on stress radiographs, 12 months postoperatively. 
Varus and valgus stress were applied in extension with the 
aid of a Telos device (Fa Telos, Medizinisch-Technische 
GmbH, Griesheim, Germany; 15 Nm load). When the knee 
was in 70° flexion, a custom-made apparatus was used [9], 
also with a 15 Nm load. Preoperatively and 3 months post-
operatively, an AP radiograph of the full lower extremity 
was taken to determine the hip–knee–ankle angle (HKA; 
mechanical axis). Furthermore, a CT scan to evaluate 
the femoral and tibial component rotation was obtained 
3 months postoperatively. The rotational alignment of the 
femoral component and the tibial component was measured 
according to the protocol by Berger [3, 4]. Furthermore, 
frontal and sagittal alignment of the femoral and tibial com-
ponents and radiolucency (> 2 mm) were scored using con-
ventional radiographs at 12 months [7]. Radiographs and CT 
scans were evaluated using IMPAX software (Agfa Health-
care, Mortsel, Belgium), and measurements were made to 
the nearest 0.1°. The repeatability of varus–valgus laxity 
measurements was investigated earlier by Heesterbeek et al. 
[9] and showed values ranging between 0.6° and 0.9°. One 
researcher, blinded to group allocation, performed all radio-
logical measurements.

Clinical and functional outcomes were scored, preop-
eratively and at the three follow-up visits, with the Knee 
Society Score (KSS), VAS pain, VAS Satisfaction, Knee 
injury and Osteoarthritis Outcome score (KOOS), Patella 
score (Kujala), and the University of California Los Angeles 
activity score (UCLA). Furthermore, the anterior–posterior 
laxity was measured with a rolimeter (Aircast Europe, Neu-
beuern, Germany) in 20° and 90° knee flexion. All (serious) 
adverse device events that occurred during the study period 
were recorded. An independent research nurse performed all 
clinical assessments.

Statistical analysis

Data were analyzed according to the intention-to-treat 
principle; the groups were analyzed exactly as rand-
omized. Per-protocol analyses, with patients analyzed as 
treated, were also performed because four patients did not 
receive the allocated treatment. Since there were no dif-
ferences between the intention-to-treat and per-protocol 
analyses, results based on the intention-to-treat principle 
were reported unless mentioned otherwise. The varus–val-
gus laxity, HKA angle, component rotation, baseline and 
operative characteristics, and radiological and clinical 
outcomes after 12 months were compared between the 
two groups using independent t tests, and Mann–Whit-
ney U or  Chi2 test if the t test assumptions were violated. 
The changes in clinical outcomes between the PSI and CI 
groups, at baseline and postoperative follow-up moments 
(6  weeks and 3 and 12  months), were assessed by a 
repeated measures ANOVA. Data analysis was performed 
with the statistical package STATA 13.0 (StataCorp, Col-
lege Station, Texas). A p value < 0.05 was considered sta-
tistically significant.

The sample size calculation was based on the smallest 
clinically significant difference in a varus–valgus laxity 
of 3.0° and a standard deviation of 3.0°. With a two-tailed 
significance level of 5% and a power of 90%, the required 
sample size was 42 patients, 21 patients per group.

Results

From 2012 to 2013, the patients were recruited to participate 
in the study. Figure 1 presents a flow-chart of the allocation 
of the participants to the two intervention groups.

Baseline and Surgery characteristics

Demographics, disease-related data, and clinical and func-
tional outcomes did not differ significantly between the 
groups at baseline (Table 1). In four patients, the PSI did 
not fit correctly on the tibia and/or femur, and intraopera-
tive modifications were needed. The incorrect fits included 
insufficient resection of tibia and femur, too much varus and 
slope in the tibia, too much internal rotation in the tibia and 
incorrect size of the femur, and incorrect size of the tibia.

The mean operative time was 66 ± 15 min for the PSI 
group and 68 ± 10 min for the CI group (n.s). There were 
no differences in blood loss and approach (medial parapa-
tellar). The number of ligament releases was higher for the 
PSI group (n = 7) compared to the CI group (n = 1; p = 0.02). 
Furthermore, the patient in the PSI group received a thinner 
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insert more often than the patients in the CI group (p = 0.03; 
Table 2).

Radiological outcomes

Varus–valgus laxity demonstrated no significant differences 
between the PSI and CI groups in both flexion and extension 
(Fig. 2). Additionally, there were no differences between the 
two groups with respect to the HKA angle and femoral and 
tibial component rotation (Table 3). Of the measurements 
taken on the conventional radiographs, sagittal alignment 
of the tibial component differed between the two groups 
(p = 0.02). No radiolucency > 2 mm was observed.

Clinical and functional outcomes

The two groups significantly improved over time on all clini-
cal and functional outcomes (p < 0.001), but were not differ-
ent between the groups 12 months postoperatively (Table 3). 
It appeared that the PSI group scored higher on the KSS 
clinical subscale than the CI group 6 weeks postoperatively, 
with a median score of 90 (range 56–95) in the PSI group 
compared to a score of 65 (range 27–99) in the CI group 

(p = 0.02). The difference between the two groups occurred 
in the pain question of the KSS clinical subscale. This dif-
ference did not continue, at 3 and 12 months postoperatively 
(Fig. 3).

The number and type of (serious) adverse device events 
were comparable in both groups; three patients had knee 
flexion problems and underwent manipulation under anes-
thesia (2 PSI vs. 1 CI), three patients had extension deficits 
(1 PSI vs. 2 CI), and two patients had prolonged effusion of 
the knee whereby an infection was excluded (1 PSI vs. 1 CI). 
No reoperations were performed in the study population.

Discussion

The main finding of this randomized controlled trial was that 
varus–valgus laxity in flexion and extension, HKA, and rota-
tional alignment after TKA did not differ between PSI and 
CI. Furthermore, clinical and functional outcomes did not 
differ 12 months postoperatively between the two groups. 
The only differences between the groups were less tibial 
slope and more frequent use of a thinner insert in the PSI 
group than in the CI group.

Fig. 1  Flow diagram of the 
allocation of the patients in the 
patient-specific instrumentation 
(PSI) group and the conven-
tional instrumentation group 
(CI)
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Both PSI and CI methods could achieve correct compo-
nent positioning, as evidenced by comparable laxity and 
component rotation. In contrast to what one might expect, 
we did no observe improved stability in flexion with the 
balanced-gap technique. However, ligament releases were 

needed more frequently in the PSI than in the CI group 
to obtain balanced knees. Probably, the ligament releases 
contributed to the stability of the knees when using a 
bone-referenced method. The laxity values found in both 

Table 1  Descriptive 
characteristics of the included 
patients at baseline for the 
patient-specific instrumentation 
(PSI) group and the 
conventional instrumentation 
(CI) group

General characteristics are presented as mean ± SD or number of patients, and clinical and functional out-
comes are presented as median (range)
KSS Knee Society Score, UCLA University of California Los Angeles activity Score, KOOS Knee injury 
and Osteoarthritis Outcome Score, n.s. non-significant

PSI (N = 21) CI (N = 21) p value

General characteristics
Age at time of surgery (years) 62.7 ± 4.5 63.4 ± 4.2 n.s
Height (cm) 174 ± 6.8 177 ± 12.0 n.s
Weight (kg) 85 ± 12.0 86 ± 16.0 n.s
Body mass index (kg/m2) 28.1 ± 3.3 27.8 ± 3.1 n.s
Hip–knee–ankle angle (°) 2.6 varus ± 6.5 3.4 varus ± 5.8 n.s
Sex (male:female) 8:13 12:9 n.s
Side (left:right) 13:8 9:12 n.s
Comorbidity (one patient can have more than one comorbidity) n.s
 None 10 6
 Cardiorespiratory 2 4
 Smoking 0 4
 Peripheral vascular disease 4 6
 Diabetes mellitus 3 1
 Osteoporosis 0 1
 Other 7 9

Previous surgery n.s
 None 11 12
 Arthroscopy 6 5
 Meniscus 6 4
 Other 1 1

Other joint replacements n.s
 Contralateral knee 7 7
 Contralateral hip 1 1

Clinical and functional outcomes
KSS
 Total (points) 114 (67–161) 119 (80–155) n.s
 Clinical (points) 56 (27–91) 53 (39–90) n.s
 Function (points) 60 (40–90) 60 (20–100) n.s

Kujala score (points) 42 (27–65) 43 (17–57) n.s
UCLA activity score (points) 7 (6–9) 7 (3–9) n.s
AP laxity (mm)
 20° 6 (2–10) 6 (4–10) n.s
 90° 6 (2–16) 7 (3–10) n.s
 VAS pain 63 (3–100) 59 (0–78) n.s

KOOS (points)
 Symptoms 61 (18–93) 57 (21–86) n.s
 Pain 42 (14–78) 47 (25–100) n.s
 ADL 47 (24–69) 50 (16–71) n.s
 Sport 10 (0–40) 5 (0–30) n.s
 QOL 19 (0–50) 25 (0–44) n.s
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the PSI and CI groups fell within the previously reported 
laxity ranges in literature [8].

The tibial slope and insert thickness in the PSI group 
suggest that the cutting blocks facilitated the preparation of 
the bone as planned preoperatively. The PSI preoperative 
surgery plan resulted in more conservative bone cuts com-
pared with the CI bone cuts. Conservative bone cuts might 
be beneficial in the long term, considering the fact there is 
more bone available when a revision is required. In their 
study, Huijbregts et al. reported more outliers in the tibial 
slope for the PSI than for the CI group [11]. This difference 
might be explained by the use of an MRI scan in our study 
vs. the CT scan to fabricate PSI in the study of Huijbregts 
et al. [1].

As expected, clinical and functional outcomes improved 
significantly after surgery. Although the sample size in this 
study is rather low to detect differences in clinical and func-
tional outcomes, the results are in line with those reported 
in literature [2, 6, 16, 24]. Interestingly, 6 weeks postop-
eratively the clinical subscale of the KSS was significantly 
higher in the PSI than in the CI group. This result was driven 

by less pain reported in the PSI group compared to the CI 
group. A potential explanation for this short-term benefit of 
PSI is that no intramedullary rod is used when preparing the 
femur. The difference in the KSS clinical subscale did not 
persist at 3 and 12 months.

One of the major advantages of PSI would be a shorter 
surgical time [23]. Although the per-protocol analysis 
showed a difference of 7 min in favor of the PSI group, this 
difference was neither significant nor clinically relevant. The 
necessary perioperative corrections in the PSI group reduced 

Table 2  Overview of the thickness of inserts placed in the patient-
specific instrumentation (PSI) group and the conventional instrumen-
tation (CI) group

Chi2: p value = 0.03

Insert thickness PSI (N = 21) CI (N = 21)

9 mm 16 8
11 mm 4 7
13 mm 1 6

Fig. 2  Box plot of the measured varus laxity in extension (n.s.), val-
gus laxity in extension (n.s.), varus laxity in 70° flexion (n.s.) and 
valgus laxity in 70° flexion (n.s.) 12 months postoperatively for the 
patient-specific instrumentation (PSI) and conventional instrumenta-
tion (CI) groups. The horizontal line in the box indicates the median 
and the size of the box indicates the 25–75th percentiles, where the 
whiskers and dots represent the 0–25th and 75–100th percentiles

Table 3  Overview of the radiological, clinical and functional out-
comes 12 months postoperatively for the patient-specific instrumenta-
tion (PSI) group and the conventional instrumentation (CI) group

Radiological outcomes presented as mean  ±  SD and clinical and 
functional outcomes presented as median (range). P values represent 
the comparison between the two groups
ER externally rotated, IR internally rotated, KSS Knee Society Score, 
UCLA University of California Los Angeles activity Score, KOOS 
Knee injury and Osteoarthritis Outcome Score, n.s. non-significant

PSI (N = 21) CI (N = 21) p value

Radiological outcomes
Hip–knee–ankle angle (°) 0.1 valgus ± 2.2 0.5 valgus ± 2.3 n.s
Femoral component rota-

tion (°)
1.6 ER ± 2.1 1.2 ER ± 2.7 n.s

Tibial component rota-
tion (°)

15.7 IR ± 7.6 19.0 IR ± 8.3 n.s

Frontal femoral align-
ment (°)

95.6 ± 1.9 96.3 ± 1.8 n.s

Frontal tibial alignment 
(°)

88.0 ± 2.5 87.8 ± 1.8 n.s

Sagittal femoral align-
ment (°)

3.2 ± 4.0 3.2 ± 3.5 n.s

Sagittal tibial alignment 
(°)

2.6 ± 3.2 4.8 ± 2.8 0.02

Clinical and functional outcomes
KSS
 Total (points) 180 (135–200) 175 (115–200) n.s
 Clinical (points) 96 (85–100) 93 (63–100) n.s
 Functional (points) 80 (50–100) 85 (50–100) n.s

Kujala score (points) 70 (44–100) 62 (33–95) n.s
UCLA activity score 

(points)
7 (7–9) 7 (4–9) n.s

AP laxity
 20° (mm) 5 (2–9) 4 (2–8) n.s
 90° (mm) 6 (2–12) 6 (3–11) n.s

VAS pain 5 (0–40) 11 (0–81) n.s
VAS satisfaction 96 (58–100) 94 (46–100) n.s
KOOS
 Symptoms (points) 83 (46–100) 75 (36–96) n.s
 Pain (points) 94 (50–100) 81 (33–100) n.s
 ADL (points) 88 (47–100) 89 (28–99) n.s
 Sport (points) 31 (0–100) 58 (5–92) n.s
 QOL (points) 69 (31–94) 63 (6–94) n.s
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the mean difference in operative time by 2 min (intention-
to-treat analysis). In one out of five patients, PSI was insuf-
ficient, which is in line with work by others. This emphasizes 
the need for improved PSI development procedures to reduce 
failure of custom-made cutting blocks [14, 21].

Preoperative planning and production of PSI require an 
MRI of sufficient quality. Sixteen percent of the patients 
could not be included in the study due to movement artifacts 
on the MRI image. The preoperative MRI comes at addi-
tional costs and effort, since it is not a standard procedure. 
Another limitation of the use of PSI in clinical practice is 
the additional time needed to develop and fabricate the PSI. 
This requires 6 weeks, delaying the planning between TKA 
indication and surgery. Considering the additional costs and 
delay in the light of the obtained clinical outcomes in the 
present study, PSI does not offer advantages above CI in 
TKA in patients without large deformities.

Certain limitations of this study should be noted. First, 
the results may represent specific issues with one manufac-
turer and may not be representative for all PSI technologies. 
Second, the sample size of the present study was based on 
the radiological outcomes. Although the statistical power 
was sufficient to answer the primary research question, the 
study may have been underpowered to detect differences in 
clinical and functional outcomes. Finally, due to logistic rea-
sons it was not possible to blind the research nurse, which 
might have biased the clinical assessments. However, the 
researcher performing the radiological measurements (pri-
mary outcome) was blinded. Nonetheless, the current study 
is the first randomized controlled trial reporting on stability 
after TKA using PSI and CI. Results show no clinical and 
radiological difference and similar stability. PSI therefore 
does not seem to have a benefit in clinical practice.

Conclusion

PSI does not differ from CI with respect to stability and 
(rotational) alignment compared with measured resection 
CI with a gap-balancing technique in flexion. However, in 
the PSI group ligament releases were more often required 
intraoperatively. Radiological, clinical, and functional 
results were not different between the two groups 12 months 
postoperatively. However, it seems that due to the preop-
erative planning the PSI facilitated more conservative bone 
cuts than the CI, reflected by a less tibial slope and thinner 
inserts.
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