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Background and purpose — The use of patient-spe-
cific positioning guides (PSPGs) in total knee arthroplasty
(TKA) has been advocated as a means of improving patient
outcomes, but the reception of PSPGs has been mixed. The
aim of our study was to compare patient-reported outcomes
(KOOS, NRS-11, EQ-5D-3L, EQ-VAS) after TKA using
PSPG with conventional instrumentation (CI) to determine
whether there is a discernible clinical benefit to using PSPGs.

Patients and methods — This multicenter randomized
controlled trial (RCT) followed 77 patients who were ran-
domly assigned to 1 of 2 cohorts between September 2011
and January 2014 —one receiving TKA with PSPGs (from
Materialise NV) and one receiving TKA with CI—with each
cohort followed up until 5 years after the operation. The
Vanguard Cruciate Retaining Total Knee System and Refo-
bacin Bone Cement R were used in all operations. KOOS
was evaluated using confidence intervals, with differences of
less than 10 KOOS units between the cohorts interpreted as
indicating the absence of a clinically meaningful difference.

Results — No significant differences were found in any
of the measured clinical outcomes—KOOS, NRS-11, EQ-
5D-3L, EQ-VAS, range of motion, or radiolucent lines scor-
ing—between the cohort operated on using PSPG and the
cohort operated on using CI after 5 years of follow-up.

Conclusion — There was no statistically significant
effect of PSPGs on patient-reported outcomes or range of
motion in TKA.

The result after total knee arthroplasty (TKA) may encounter
several unfavorable outcomes if the components are aligned
improperly [1]. In fact, malalignment has been reported as the
third most common cause of TKA revision [2]. Also, several
studies have demonstrated that the proper mechanical align-
ment of knee prostheses is a key factor in achieving prosthe-
sis longevity and favorable outcomes [3]. Thus, technologies
have continuously been developed since the conception of
TKA to improve the surgeon’s ability to achieve proper align-
ment consistently.

In August 1997, the first TKA using computer-assisted navi-
gation (CAN) was performed. While early studies displayed
enthusiasm towards CAN [4], current evidence of CAN as an
alternative to conventional instrumentation (CI) is inconsis-
tent [5,6]. Furthermore, CAN necessitated prolonged opera-
tive times, contributing to unclear cost efficiency in compari-
son with CI [7]. In 2008, the first patient-specific positioning
guides (PSPGs) became available for TKA. TKA with PSPGs
is a computer-assisted surgery technique that preoperatively
simulates virtual surgery based on preoperative magnetic res-
onance imaging (MRI) to facilitate the production of PSPGs.
The promise of this technology was to excel where CAN fell
short by removing the computer-assisted step of CAN-TKA
from the operating room and implementing it in the preopera-
tive workflow, while not affecting operative time. The current
evidence on this promise is, however, ambiguous [8].

This multicenter RCT is a continuation of a previously pub-
lished study [9], and compares clinical outcomes at 3 months,
1 year, 2 years, and 5 years in 77 patients who were randomly
assigned to TKA with CI technique or using PSPGs to align
the components. The aim of this study is to evaluate the effects
of PSGs on clinical outcomes at 5-year follow-up. Moreover,
we evaluated radiolucent lines.
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Randomized
n=109
Excluded (n = 15):
- double randomisation, 2
- MRl artifacts, 1
- not operated, 5
— - included by hospital but did not
participate in the study, 2
- operated but not included, 12
- declined to participate, 3
- PSPG delivered to wrong hospital, 1

Included
n=294

|
Allocated to conventional therapy (n = 50) | | Allocated to PSPG therapy (n = 44)
|

2-year follow-up:

- full-leg weight-bearing radiograph, 49
- computed tomography, 47

- questionnaires, 48

2-year follow-up:

- full-leg weight-bearing radiograph, 42
- computed tomography, 43

- questionnaires, 44

Lost to follow-up (n = 10):
- dead, 6
— - relocated to other city, 1

Lost to follow-up (n = 7):
| - dead, 3
- declined follow-up, 3

- reoperated, 1 - unspecified, 1

- unspecified, 2

Available for 5-year follow-up (n = 40):
- clinical examination, 36

- KOOS questionnaites, 40

- EQ-5D questionnaires, 36

- radiological data, 38

Available for 5-year follow-up (n = 37):
- clinical examination, 34

- KOOS questionnaites, 32

- EQ-5D questionnaires, 33

- radiological data, 37

Figure 1. Flowchart of the study.

Patients and methods

Between September 2011 and January 2014, 109 patients
were included in this RCT at 3 centers: Oslo University Hos-
pital Ullevél, Betanien Hospital Skien, and Telemark Hospital
Skien. 15 patients were excluded from the study (Figure 1). 94
patients were operated on as part of this RCT, and 77 patients
were available for follow-up after 5 years (Figure 1).

Patients with symptomatic osteoarthritis of the knee met
the inclusion criteria for the study. Furthermore, only patients
undergoing unilateral arthroplasty were eligible for inclu-
sion. The following conditions were exclusion criteria: severe
vascular insufficiency of the affected limb; severe instability
or deformity of the ligaments and/or surrounding soft tissue,
potentially precluding stability of the device; marked bone
loss, potentially precluding adequate fixation of the device;
non-cooperative subjects; rheumatoid arthritis and other sys-
temic diseases; and known metal allergy [9].

A power analysis for KOOS revealed that 63 patients are
required per cohort to detect a difference of 10 units in KOOS
with a common standard deviation of 20, a power of 80%, and
a significance level of 0.05.

This article is reported according to the CONSORT guide-
lines [10].

Randomization

Block randomization was carried out using varying block
sizes after acquiring written consent [11]. Patients were
assigned to 1 of 2 groups according to a 1:1 allocation ratio:

the control group, which received TKAs with CI, or the study
group, which received TKAs with PSPGs. All patients were
referred for preoperative MRI, which was made according to
the Signature scanning procedure (Signature MRI Inc, Monro-
via, CA, USA); hence patients were not aware of what surgery
they received.

Surgical technique

All patients were operated on with a standard medial parapa-
tellar approach using the Vanguard Cruciate Retaining Total
Knee system (Vanguard Complete Knee System, Zimmer
Biomet, Warsaw, IN, USA) and cemented with Refobacin Bone
Cement R (Zimmer Biomet, Warsaw, IN, USA). PSPGs from
Materialise NV (Leuven, Belgium) were used in this study.
An MRI scan of the affected limb was uploaded to the implant
manufacturer for implant positioning planning. Thereafter, an
engineer working for the manufacturer of the PSPGs defined
relevant anatomical landmarks from the uploaded MRI. A pre-
operative virtual operation plan was sent to the surgeon. The
surgeon was free to change and adapt the preoperative virtual
operation plan according to his/her expertise by manipulating
the alignment in all 3 dimensions, the depth of the bone cuts,
and the size of the implant. Once the surgeon was satisfied,
the approved plan was sent back to the manufacturer, and the
PSPGs were manufactured and delivered to the hospital.

75 of the operations were conducted by orthopedic surgeons
who specialize in TKA. The operations were carried out by
a resident under the guidance of an orthopedic surgeon in 2
cases. The surgical technique has been outlined in more detail
in a previous publication on this RCT [9].

Clinical assessment

All preoperative and postoperative clinical assessments were
gathered by an independent physiotherapist or orthopedic sur-
geon who was blinded to the type of surgery that the patient
had received.

Patients completed the following PROMs: Knee injury and
Osteoarthritis Outcome Score (KOOS, scored 0-100, 100 indi-
cating a healthy state) [12], Numeric (pain) Rating Scale (abbre-
viated NRS-11, scored 0-10, 10 being the most pain possible)
[13], EuroQol Visual Analog Scale (EQ-VAS, scored 0-100, 100
being the best possible health condition) [14]. Patients also filled
out a EuroQol-5-Dimensional-3-Level (EQ-5D-3L) question-
naire. The EQ-5D-3L questionnaire is a standardized assess-
ment of health-related quality of life [14]. The 3 levels of the
EQ-5D-3L questionnaire (no problems, some problems, severe
problems) were dichotomized into “no problems” and “prob-
lems,” as described in a previous publication on this RCT [9].
The active range of motion (ROM) was measured by a physio-
therapist or orthopedic surgeon using a universal goniometer.

Radiographic evaluation

2 observers, SMR and JvL, assessed anteroposterior and sagit-
tal plane radiographs taken at the 5-year follow-up according
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Table 1. Patient demographics. Values are mean (SD)
unless otherwise specified

Instrumentation
Conventional PSPG
Variable n =40 n=37
Sex (M/F) 13/ 27 13/ 24
Age 63 (7) 67 (8)
Weight (kg) 89 (17) 90 (13)
Height (cm) 174 (10) 173 (8)
BMI 29.6 (5) 30.0 (4)
ASA class, n
1 3 3
2 32 30
3 5 4
4 0 0
Baseline EQ-5D-VAS 59 (21) 64 (22)
Baseline NRS-11 5.8 (2.4) 5.7 (2.8)
Baseline KOOS
Pain 36 (19) 45 (21)
Symptoms 46 (19) 52 (19)
Sport 9(12) 14 (15)
ADL 44 (16) 49 (18)
Quality of life 21 (17) 27 (18)

to the modified Knee Society Total Knee Arthroplasty Radio-
graphic Evaluation and Scoring System, as described by Bach
et al. [15]. In this scoring system, the width (in millimeters)
of radiolucent lines (RLLs) of the femoral component were
recorded both anteriorly and posteriorly in the sagittal plane.
The total RLL width was measured in the frontal plane for the
medial and lateral part of the tibial component. RLLs of the
tibial component in the sagittal plane were measured anteriorly
and posteriorly. Thereafter, RLLs were categorized as none,
narrow (total width < 4 mm), and wide (total width RLL > 4
mm). If radiolucency was detected, the observers compared
the 5-year follow-up radiographs with radiographs taken at the
2-year follow-up.

Statistics

The Shapiro—Wilk test, in conjunction with histogram visual-
ization, was the primary tool used to determine and assess the
normality of the data. When the outcome variable was continu-
ous and non-normally distributed, the Wilcoxon rank-sum test
was used for independent groups, and if it was normally dis-
tributed, then a t-test was performed. When the outcome vari-
able for independent groups was nominal, either a chi-square
test or Fisher’s exact test was used. Changes in EQ-5D-3L pro-
files compared preoperatively and at the 5-year follow-up were
presented using the Paretian Classification of Health Change
(PCHC), as described by Devlin et al. [14]. Linear mixed
models were used to compare continuous variables collected
at different time points between the PSPG and CI cohorts.
Interaction was recorded to identify any variations in reported
scores and data between the 2 groups over time. Missing data
was handled by multiple imputations using the multivari-
ate imputation by chained equations and pooled according to
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Figure 2. Linear mixed model illustrating course of KOOS dimensions
per cohort

Rubin’s rules [16,17]. A P value of 0.05 was considered statisti-
cally significant. All analyses were performed using RStudio
Team (2020) (RStudio: Integrated Development for R. Rstu-
dio, PBC, Boston, MA, http://www.rstudio.com/).

Ethics, registration, funding, and disclosures

The Regional Committee for Medical and Health Research
Ethics (REC West 2010/2056) and the institutional review
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study ethical approval. All patients gave their written and
oral consent prior to participation. ClinicalTrials.gov has the
trial registered as NCT01696552. This research has received
no financial or other forms of aid from any third parties. The
authors declare no conflict of interest. Completed disclosure
forms for this article following the ICMIJE template are avail-
able on the article page, DOI: 10.2340/17453674.2023.15335
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Table 2. KOOS dimensions. Values are mean (Cl)

Instrumentation
Conventional PSPG

Variable n =40 n=37 Difference

Pain
Preoperative 36 (31-42) 45 (38-52) -8 (-17to 1)
3 months 67 (61-74) 75 (68-81) -7 (-16t0 2)
1 year 78 (70-85) 82 (75-88) -4 (—14 to 5)
2 years 77 (70-84) 87 (81-93) —-10(-19to-1)
5 years 82 (76-88) 90 (86—-95) -8 (—15t0 0)

Symptoms
Preoperative 46 (40-52) 52 (46-58) —6 (-14 to 2)
3 months 61 (55-67) 69 (63-75) -8 (17 to 0)
1 year 73 (67-80) 77 (71-83) -4 (—13 to 5)
2 years 78 (73-82) 82 (76-88) —4 (-12t0 3)
5 years 80 (74-85) 86 (80-91) —6 (-14to 2)

Sport
Preoperative 9 (5-12) 14 (9-18) -5 (-11to 1)
3 months 25 (19-31) 37 (29-45) 12 (-221t0-2)
1 year 36 (29-43) 43 (34-52) -7 (-19to 4)
2 years 39 (30-48) 46 (39-54) -8 (—20 to 4)
5 years 45 (37-53) 54 (45-63) -9 (21 to 3)

ADL
Preoperative 44 (38-48) 49 (43-55) -6 (-13t0 2)
3 months 71 (65-78) 77 (72-82) —6 (—14 to 2)
1 year 79 (72-86) 81 (74-88) -2 (-12t0 7)
2 years 78 (71-85) 86 (80-91) -8 (-17to 1)
5 years 83 (77-89) 87 (82-92) -5 (-13 t0 3)

Quality of life
Preoperative 21 (16-26) 27 (21-33) -6 (-14 to 2)
3 months 54 (46-61) 66 (58-73) —12(-23to-1)
1 year 63 (54-72) 72 (64-81) -9 (-21to0 2)
2 years 64 (56-72) 75 (68-82) —11 (—22to 0)
5 years 71 (64-78) 76 (68—84) -5 (—16 to 6)

Results

Demographics

The baseline demographics and PROMs of CI and PSPG
cohorts are given in Table 1.

Clinical outcome

KooS

There were no statistically significant differences between the
CI and PSPG cohorts in any of the dimensions of KOOS, eval-
uated from the preoperative score until the score at the 5-year
follow-up by applying a linear mixed model as illustrated in
Figure 2 and evident in Table 2. At 5-year follow-up, the dif-
ference between the CI and PSPG cohorts in the change from
preoperative levels was 0.3 KOOS points (CI —11.7 to 12.3,
P=0.96) in the Pain sub-score, 0.2 KOOS points (CI-11.9 to
11.5,P=0.98) in the Symptoms sub-score, 3.9 KOOS points
(CI -17.5 to0 9.8, P=0.6) in the Sport sub-score, 1.1 KOOS
points (CI —10.5 to 12.4, P=0.8]) in the Activities of Daily
Living sub-score, and 0.7 KOOS points (CI —12.7 to 14.2,
P=0.9]) in the Quality of Life sub-score.

Table 3. PCHC for all dimensions of EQ-5D-3L. Values are number
improved / no change / worse

Instrumentation
Conventional PSPG
Variable +/=/- +/=/- P value @
Mobility 28/10/2 20/16/1 0.3
Pain and distress 18/22/0 20/17/0 0.5
Usual activities 21/18/1 21/16/0 0.9
Anxiety and depression 8/31/1 7/125/5 0.2
Self-care 10/28/2 6/28/3 0.6
a8 Fisher’s exact test.
Table 4. Additional PROMs. Values are mean (Cl)
Instrumentation
Conventional PSPG
Variable n =40 n=37 Difference
EQ-5D-VAS
Preoperative 59 (52—-65) 64 (57-71) -5 (=150 4)
3 months 70 (64-77) 75 (70-81) -5 (-14 to 4)
1 year 73 (67-79) 73 (67-80) 0(-9t09)
2 years 73 (68-78) 77 (72-83) —4 (-12t0 3)
5 years 72 (66-79) 74 (68-81) -2 (-11t07)
Pain NRS-11
Preoperative 5.8 (5.1-6.5) 5.7 (4.8-6.6) 0(-1to1)
3 months 29 (2.2-3.7) 2.0(1.5-2.6) 1(0to2)
1 year 2.1(1.3-2.8) 1.2(0.69-1.7) 1(0to2)
2 years 2.4(1.6-8.1) 1.1 (0.52-1.7) 1(0to2)
5 years 1.7 (1.0-2.4) 1.1 (0.54-1.6) 1(0to2)
ROM 2
Preoperative 110 (104—116) 108 (103-113) 1(-61t09)
3 months 103 (98-108) 110 (107-114) -7 (-14to—1)
1 year 113 (109-117) 114 (109-119) —1 (-7 to 6)
2 years 115 (111-118) 118 (113-123) -3 (-9to0 3)
5 years 114 (110-118) 114 (110-119) 1(-61t05)

2 Range of motion in degrees measured by goniometer.

EQ-5D-3L

As presented in Table 3, we did not find any significant differ-
ence in changes in EQ-5D-3L profiles postoperatively and at
the 5-year follow-up between the PSPG and CI cohorts.

EQ-VAS

EQ-VAS score improvement differences between the study
cohorts from their respective preoperative score over time
were not found to be statistically significant (P = 0.6, linear
mixed model), as listed in Table 4. The difference in improve-
ment in EQ-VAS scores measured preoperatively and at 5
years was 3.2 points (CI -10.1 to 16.5, P=0.6).

NRS-11

The difference in pain NRS-11 score improvement between
the cohorts measured preoperatively and at 5 years was 0.6
points (CI -0.9 to 2.1, P=0.5). Furthermore, any difference
in improvement between the cohorts from their respective
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Table 5. Modified Knee Society Total Knee Arthroplasty Radio-
graphic Scoring System for Assessment of Radiolucent Lines.
Values are count

Instrumentation
Conventional PSPG

Variable n =40 n =237 P value @
Femoral component 0.7

None 35 30

Narrow (< 4 mm) 2 4

Wide (>4 mm) 3 3
Tibial component 0.2

None 38 31

Narrow (< 4 mm) 2 5

Wide (>4 mm) 0 1

2 Fisher’s exact test.

preoperative score over time was not found to be statically
significant (P = 0.5, linear mixed model).

ROM

The difference between the CI and PSPG cohort in the change
from preoperative levels was 2° (CI —11.8 to 7.8, P=0.7) at
5-year follow-up. Furthermore, this study does not report
any significant difference in ROM between the PSPG and CI
cohorts over time (P = 0.1, linear mixed model) (Table 4).

Radiolucent lines

There was no significant difference between the number of
narrow and wide RLLs in the femoral component (P = 0.7,
Fisher’s exact test) or tibial component (P = 0.2, Fisher’s exact
test) (Table 5). In all but 1 case, similar RLLs without progres-
sion were observed when compared with the 2-year follow-up
radiographs. In 1 case, a minor radiolucency was observed at
the anterior side of the tibial component in the sagittal plane
that was not detectable in the 2-year follow-up radiograph.

Discussion

The aim of this secondary analysis of an RCT was to evaluate
the effects of using PSPG on clinical outcomes and radiolu-
cent lines. We found no differences after 5 years.

Patient-reported outcomes

The findings of our RCT are comparable with other studies
comparing PROMs between CI and PSPG [18,19]. Further-
more, a meta-analysis performed by Huijbregts et al. found
no significant difference between KOOS scores of patients
undergoing TKA with CI or with PSPG [20]. Conversely, a
meta-analysis conducted by Kizaki et al. found a significant
improvement in all dimensions of KOOS except for “Symp-
toms” and “Sports” in patients undergoing TKA with PSPG
compared with CI [21]. However, the mean differences in
these dimensions of KOOS were below the minimum clini-

cally important difference (MCID) for KOOS scores in the
respective dimensions [22].

We found no difference in changes of EQ-5D-3L profiles
and EQ-VAS postoperatively and at the 5-year follow-up
between the PSPG and CI cohorts, as was the case in other
RCTs that made the same comparison [19,23].

Assessment of radiolucent lines

Mainly non-progressive RLLs were observed when evaluat-
ing the 5-year follow-up radiographs. In the 1 case where pro-
gression was observed, this could potentially be explained by
inappropriate cementing technique or non-optimal bone prep-
aration. However, non-progressive RLLs, < 2 mm thick, have
not been found to be correlated with an unfavorable clinical
outcome [24].

Strengths and limitations

The duration of inclusion was rather long. There were 2 main
reasons for this: due to renovations, one hospital had to close
its operating theater for several months, and not all surgeons
at participating hospitals informed patients about the study,
therefore some patients were operated on but not included in
this RCT.

This RCT was underpowered for KOOS. The power analy-
sis had found that 63 patients were needed for each cohort
of the RCT. As 1 center withdrew from the trial and several
patients were lost to follow-up, the overall number of patients
enrolled for 5-year follow-up was only 40 patients from the
PSPG cohort and 37 patients from the CI cohort.

Regarding blinding in this RCT, the objective was to conceal
the surgical method used in the operation record. However, in
a few cases this objective was not achieved; therefore, it is fea-
sible that some physiotherapists may have had access to the
data and thereby may not have been blinded in every instance.

Concerning generalizability, PSPGs from only 1 manufac-
turer were utilized in this study. Therefore, the findings of this
RCT might not apply to other TKA systems, particularly those
that focus on a model to reestablish the lower limb’s kinematic
alignment rather than the mechanical alignment, the latter
being the aim of this RCT.

Our RCT assessed multiple parameters regarding clinical and
functional outcomes at 5 points in time from preoperatively to
5 years postoperatively, which allowed for detailed analysis of
the measured parameters, and evaluation for potential ceiling
or floor effects. All surgeons were previously experienced with
the PSPG procedure prior to the study’s start, thereby minimiz-
ing the possibility of bias resulting from a learning curve [9].
Another clear strength of this study is the long follow-up time,
which is comparable to earlier studies [19,23].

Conclusion

Our RCT found no differences in any clinical outcome or
occurrence of radiolucent lines between the PSPG and CI
cohorts at 5-year follow-up.
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