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Abstract
Purpose Although total knee arthroplasty (TKA) is regular-
ly associated with favorable outcomes, considerable re-
search efforts are still underway to improve its ability to
achieve a neutral postoperative mechanical axis. Patient-
specific instrumentation (PSI) was introduced with this and
other goals in mind. The current retrospective study was
designed to determine whether PSI would lead to a hip-
knee-ankle angle (HKA) within ±3° of the ideal alignment
of 180°.
Methods A long-leg x-ray of the knee was performed after
an average of 3.5 months (SD, three to four months),
following 124 TKAs performed by a single surgeon using
PSI technology (VISIONAIRE; Smith & Nephew). In addi-
tion to HKA, the zone of the mechanical axis (ZMA; zone of
the tibial base plate where the mechanical axis of the limb
intersects with the tibial base plate) was analysed, with the
ideal intersection occurring centrally.
Results There were 100 knees (average age, 66.8 years)
with follow-up data available. The average HKA changed
from 175.5±5.6° preoperatively to 178.5±1.7° postopera-
tively. The rate of ±3° and ±5° HKA outliers was 11 %
and 3 %, respectively. In terms of ZMA, the mechanical axis
passed through the central third of the knee in the majority
of cases (93 knees, 93 %). There were no intra-operative
complications with the use of PSI.

Conclusions The use of PSI technology was able to achieve
a neutral mechanical axis on average in patients undergoing
TKA. Further follow-up will be needed to ascertain the
long-term impact of these findings.

Introduction

Total knee arthroplasty (TKA) is one of the most commonly
performed contemporary surgeries, with a high success rate
for reducing pain and improving function in arthritic knees
[1]. Given the rising mean age of the global population and
the associated increase in disorders of the knee, it is self-
evident that an even larger number of patients will seek out
this surgery in years to come [1]. As TKA nonetheless still
has several limitations necessitating improvement, it is es-
sential that research efforts continue to refine this procedure
in order to avoid a concomitant increase in otherwise avoid-
able complications and revisions.

Incorrect positioning and malalignment of the TKA com-
ponents has been cited as one of the key underlying factors
leading to a variety of negative postoperative outcomes, in-
cluding patient dissatisfaction, loss of thickness of polyethyl-
ene tibial bearings, eccentric loading, implant loosening, and
eventual early revision [2–6]. It has been commonly accepted
for decades that obtaining a postoperative alignment within
the range of 0° ± 3° of the mechanical axis is optimal for
reducing the occurrence of these negative outcomes [7, 8].
However, manual intramedullary/extramedullary guides have
been noted to produce postoperative axes outside of this
range, even when used by experienced surgeons [9, 10].
Although computer-assisted navigation has been shown to
improve mechanical alignment over conventional instrumen-
tation, it has also been associated with increased surgical times
and no significant improvement in short-term clinical out-
comes [10, 11]. This has prompted efforts to produce more
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precise surgical technology for reconstructing the mechanical
axis of the knee.

Patient-specific instrumentation (PSI) represents an emerg-
ing technology in TKA that was introduced as an alternative to
computer navigation and conventional instrumentation, with
the key goal of improving postoperative alignment and posi-
tioning [12]. PSI uses anatomical data obtained primarily from
preoperative axial computed tomography (CT) or magnetic
resonance imaging (MRI) to create disposable cutting jigs
individualized to the patient’s unique anatomy. One such
PSI system is the VISIONAIRE (Smith & Nephew,
Memphis, TN, USA), which was designed to restore a neutral
postoperative mechanical axis using an MRI and a long leg x-
ray. One of the coauthors previously reported this system’s
superior ability to position femoral components in optimal
rotational alignment during TKA in comparison with conven-
tional instrumentation [13].

The aim of the current retrospective study was to supplement
this earlier data by analysing postoperative mechanical axis in
patients undergoing TKAwith this technology, with the hypoth-
esis that PSI would lead to a neutral mechanical axis on average.

Methods

This study follows the principles set forth in the Declaration
of Helsinki. In Germany, where this study was conducted,
retrospective epidemiological studies without personally
identifiable data do not need to be sent to the ethical com-
mittee for approval.

Between October 2009 and January 2012, the senior
author (C.O.T.) performed 124 TKAs (120 patients;
Table 1) using VISONAIRE technology. The senior author
is an experienced surgeon, who personally performs over
500 TKAs per year. All participants were required to have a
diagnosis of primary osteoarthritis, to have no signs of a
mediolateral instability or a massive varus/valgus deformity
with a deviation of > 20°, and to be able to undergo pre-
operative MRI, with no metallic hardware in close proxim-
ity to the operated knee. Additionally, they needed to be
willing to wait the four to six weeks typically required for
this specialized instrumentation to be prepared.

All patients received a cemented Genesis II™ (Smith and
Nephew, Memphis, TN) posterior-stabilized high-flexion
prosthesis, with femoral components fabricated from an oxi-
dized zirconium alloy (Oxinium™, Smith and Nephew,
Memphis, TN), and were operated upon using a conventional
medial parapatellar approach. Patients underwent a full-leg
radiograph standing on both legs and a MRI pre-operatively.

The process by which the VISIONAIRE instrumentation
is produced has been described in detail by the coauthor in a
previous study, as well as by others [13–16]. In brief, pre-
operative MRI data was processed by engineers at Smith

and Nephew (Memphis, TN). In addition, full-length ante-
rior/posterior radiographs were utilized to ascertain the cur-
rent and planned mechanical axis. After review and final
approval of the specifications by the surgeon, the engineers
produced the tibial and femoral resection guides. These PSI
jigs were then shipped to the surgeon, who attempted to
attain optimal fit and positioning in accordance with the pre-
operative plan and through the use of conventional land-
marks. Surgical settings called for a 9-mm proximal resec-
tion and a posterior slope alignment of 3°.

Standing long-leg x-rays were performed postoperatively
to ascertain all radiographic endpoints. An independent
orthopaedic surgeon (K.D.) then performed radiographic
measurements for the four following endpoints: (1) hip-
knee-ankle angle (HKA), defined as the angle between the
mechanical axis of the femur and the mechanical axis of the
tibia, with both lines crossing at the centre of the knee
(Fig. 1a–b); (2) zone of mechanical axis (ZMA), in which
the tibial base plate is divided into three equal zones (lateral,
medial, and central) and the mechanical axis (drawn from
the centre of the femoral head to the centre of the ankle) that
intersects the tibial base plate is used to define which zone it
passes through (Fig. 2); (3) tibial mechanical axis (TMA),
defined as the angle between the line connecting the centre
of the ankle and the centre of the knee and a tangent along
the surface of the tibial component; and (4) femoral me-
chanical axis (FMA), defined as the angle between the
connecting line between the centre of the femoral head and
the centre of the knee and a tangent along the surface of the
femoral component. The following were considered the
ideal (i.e., normal or in-range) values for these radiographic
measurements: 0° ± 3° varus/valgus for HKA; the central

Table 1 Baseline de-
mographics for 120
patients (124 knees)

BMI Body mass index,
OA osteoarthritis

Variables

Mean age,
years (SD)

66.8 (24.4−88.3)

Mean BMI (SD) 26.4 (23.9−29.2)

Gender (n, %)

Male 78 (65 %)

Female 42 (35 %)

Operated side (n, %)

Left 51 (41 %)

Right 73 (59 %)

Diagnosis (n, %)

Varus OA 90 (73 %)

Valgus OA 15 (12 %)

Posttraumatic OA 11 (9 %)

Patellofemoral OA 8 (6 %)

Operative time,
minutes

52.5 (35−86)
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zone for ZMA; and 90° for TMA and FMA. HKA was
calculated as a mean for the entire patient cohort, and
additionally patients outside the ± 3° range were noted.

Descriptive analysis (mean ± standard deviation was
done using Microsoft Excel (Microsoft Corporation,
Seattle, USA) and IBM SPSS Statistics 18 (PASW 18,
SPSS Inc., Chicago, IL, USA).

Results

Of the 124 knees in the original cohort, 17 (13.7 %) did not
have available x-ray data (seven did not want to undergo

x-ray analysis and ten did not wish to return for a follow-up
visit). In addition, x-ray data from seven knees (5.6 %)
could not be properly evaluated due to the following rea-
sons: incorrect rotation on the long leg x-ray (two knees),
femoral head did not appear on the long-leg x-ray (one),
flexion contracture > 10° (one), and the considerable extent
of pre-operative extra-articular deformity precluded even the
attempt to establish a neutral alignment (two with pro-
nounced bowing of the femur bone and one with posttrau-
matic malalignment following fracture of the tibia). This left
a cohort of 100 knees (96 patients) with complete data
available for analysis. Postoperative x-ray analysis for these
remaining patients occurred at a mean interval of 3.5 months
(range, three to four) after the index procedure.

On average, patients experienced a neutral mechanical
alignment within ±3° of the ideal alignment of 180° HKA
after undergoing TKA with PSI technology (Table 2). PSI

Fig. 1 The hip-knee-ankle angle (HKA) was determined as the angle
between the mechanical axis of the femur and the mechanical axis of
the tibia. Both lines cross the center of the knee (red marked circle). In
this preoperative image, HKA value is 168.72° (a). The postoperative
HKA value is 179.42° (b)

Fig. 2 To determine the zone of the mechanical axis, the tibial plate
was divided into three equal zones (lateral 0 2, central 0 0, medial 0 1)
and the mechanical axis (black line) that passes the tibial plate was
defined according to which zone it passes through (central, in the
present image)

International Orthopaedics (SICOT) (2013) 37:45–50 47



also had the effect of substantially reducing the number of
outlier knees falling outside this range (Table 2; Fig. 3).

In terms of ZMA, the mechanical axis passed through the
central third of the knee in the majority of cases (93 knees). It
passed medial to the central third in six knees, with data
missing in the one remaining knee. Mean FMA and TMAwere
90.0±0.8 (87−92.5) and 90.0±0.7 (87−92.4), respectively.

The surgeon encountered no intra-operative complications
with the use of PSI. The specialized instrumentation provided
by the manufacturer was optimally fitted to the patient’s
individual anatomy in all instances, and therefore did not
require any additional modifications to the cutting jigs.

Discussion

The most important finding of the current study is that the
constructed hypothesis that patients undergoing TKA with
the use of PSI would on average experience a neutral me-
chanical axis has been confirmed, with the mean HKA

changing from 175.5±5.6 preoperatively to 178.5±1.7 post-
operatively. Additionally, the 11 % rate of outliers ±3° from
neutral compares favorably to the average 10.2 % rate
resulting from computer-assisted navigation in prior studies,
and substantially improves on the 28.2 % rate encountered
with conventional instrumentation [10].

Of the four studies conducted to date with this specific
PSI technology, this is the third to support its accuracy [13,
15]. In comparing conventional instrumentation against the
VISONAIRE technology in a small cohort of patients un-
dergoing TKA, Noble et al. reported that mechanical align-
ment in the latter cohort was statistically closer to neutral
zero (2.8° vs. 1.7°; p0 0.03), which is in line with the results
of the current analysis [15]. This technology was also re-
cently the first to be shown effective in reducing positional
outliers of femoral component rotation following TKA [13].
However, it must be noted that the fourth study investigating
this specific PSI technology observed only a fair rate of
accuracy, with higher risk of error > 3° in the sagittal plane
[14]. Regardless of the contradictory nature of these results,

Table 2 Mean hip-knee-ankle angle (HKA) findings for follow-up cohort (n0100), including outliers beyond the ideal alignment of 180°

SD of Alignment

Mean±SD < 177° > 183° < 175° > 185° Outlier ±3° Outlier ±5°

HKA preop 175.5±5.6(163.5−195.4) 67 7 0 7 74 % 7 %

HKA postop 178.5±1.7(174.0−-183.4) 10 1 3 0 11 % 3 %

HKA hip-knee-ankle angle

 Median 
 25%-75% 
 Non-Outlier Range 
 OutliersPreop HKA [°]

PostopHKA [°]

160

165

170

175

180

185

190

195

200
Fig. 3 Range of knees falling
±3° outside of the ideal hip-
knee-ankle angle (HKA)
alignment of 180°, preopera-
tively and postoperatively
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it would appear that all four studies are in agreement that this
technology presents little additional difficulty to the operating
surgeon, given that there have been no intra-operative
complications yet reported [13–16].

Contrary results with other PSI systems have also been
noted. Initial support for PSI technology was provided in a
cadaveric/plastic bone study that observed mean errors for
alignment within 1.7° [12]. More recently, Ng et al. ob-
served a lower rate of rate of outliers ±3° from neutral with
PSI in comparison with manual instrumentation (14.4 % vs.
27.7 %, respectively), although the rate was slightly higher
than in our series (11 %) [10]. Conversely, Klatt et al. found
a disconcertingly wide-range of alignment (from 5° valgus
to 7.5° varus) with custom-fit technology, although with
data from only four patients available, the study does not
seem sufficiently powered to draw substantial conclusions,
and is disputed by a larger series of 21 patients with this
system that found a more encouraging average deviation of
1.2° varus from the mechanical axis [17]. Nunley et al.
added further uncertainty to the debate in their three-arm
study comparing the two current forms of this technology
(PSI that restores the mechanical axis and PSI that restores
the kinematic axis) against conventional instrumentation
[19]. They found no differences in coronal alignment be-
tween PSI that restores the mechanical axis over conven-
tional instrumentation, and further noted that PSI that
restores the kinematic axis had a substantial number of
valgus outliers.

If this small amount of initial data has somewhat predict-
ably failed to establish an explicit advantage for the use of PSI
in terms of improved alignment, outcomes have been more
unambiguously supportive in other areas. PSI has been shown
to shorten surgical steps and operative times, reduce the
burden for surgical instrumentation, and lessen adverse out-
comes such as blood loss, infection, and systematic fat emboli
[12, 14–20]. Therefore, the proposed utility of this technology
should not be limited to radiographic aspects.

The current analysis has several limitations worth con-
sidering. Firstly, the study does not offer a control arm with
which to compare these results. A similar cohort undergoing
TKA with conventional instrumentation would have been a
valuable resource for interpreting the true impact of PSI
technology. Secondly, the operating surgeon undertakes a
high volume of TKAs annually, and it is possible that this
level of experience positively influenced the results. The
learning curve for beginner surgeons has been shown to be
acceptably low with computer-assisted navigation systems,
with the exception of a general increase in operative and
tourniquet times during initial cases [21–23]. Additional
research is required, however, to ascertain whether less-
experienced surgeons would encounter a similar learning
curve with this particular PSI technology. Thirdly, results
in this study were limited to the radiographic outcomes of

interest, despite the fact that success in TKA is defined in a
multifactorial fashion. Designing the study to record pain,
stiffness, range of motion, and other essential clinical out-
comes would have provided a fuller picture of this technol-
ogy’s true impact on patients. Assessing such outcomes,
however, requires a longer follow-up period, which was
beyond the scope of the current study.

In conclusion, the use of PSI technology allowed for the
achievement of a neutral mechanical axis on average, and
other favorable radiographic alignment outcomes. This is
the largest cohort of patients described in the literature to
date to undergo TKA with this specific technology. Further
follow-up will be needed to ascertain the long-term impact
of these findings.
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