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F1 T ERERABRIER LB e 2oERY5E
Material Resin Additives Molding method Ir?adéation Heaf treatment
(in inert) (in vacuum)

Virgin Sheet - -
G100R GUR1020 - compression 100 kGy 150°C, 2 hours
G100A molding Gamma 110°C, 168 hours

VE GUR1050 0.3 % DM - -
VEXL GUR1020 Vitamin E 300 kGy Electron beam | 110°C, 72 hours

F2 AR THEM LY Mg & € DRSS

Eivees 77K Z2k i 7y b WEAE [o/L)
A CCT Calf Serum CC3017-502 03111172 73
B GIBCO Bovine Serum 16170-078 1438645 74
C GIBCO Bovine Serum 16170-078 1610982 72
D GIBCO Newborn Calf Serum 16010-159 1517917 65
E SAFC Bovine Calf Serum 12133C 14G464 69

%3 FT-IR |IEDFEHR

Material 01 (Maximum) Crystallinity (Average) [%] TVI (Average)
Virgin 0. 07 65. 3 0. 001
Virgin—-AA
G100R 0.55 66. 2 0.026
G100A 0.74 71.2 0.029
VE 0.02 68. 1 -0. 002
VE-CA 0. 07 64. 6 0.013
VEXL 0. 60 70.5 0. 083
VEXL-CA 0. 37 71.0 0. 089

Virgin—AA: not tested yet
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a5 AR

Material Agei AKth log (C)
lateria cein o . 0 m
. i geins [MPa m®*] 8
o - 2.14 =% 0.05 -10.50 = 0.25 9.87 *+ 0.50
Virgin ) -
AA 2.23 =+ 0,10 -11.14 + 0.84 10.85 == 1.55
G100R - 0.88 = 0.01 =7.22 =+ 0.07 6.66 * 0.15
G100A - 1.23 £ 0.06 ~-8.32 £ 0.40 8.03 = 1.03
VE - 1.87 + 0.02 -9.16 * 0.10 8.56 + 0.27
’ CA 1.83 =+ 0.01 -9.96 + 0.03 9.54 = 0.10
VEXL -
CA 0.70 £ 0.02 -6.44 =+ 0.05 6.563 £ 0.17
AA: Accelerated ageing, CA: Compulsory ageing, Average & standard deviation

VEXL: not tested yet
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Abstract

Background The validation of patient-specific surgical guides (PSGs) by
their design and the comparison of planned and actual PSG setting in total
hip arthroplasty (THA) have not previously been reported.

Methods The errors between preoperative planning and computed tomogra-
phy (CT)-based PSG setting (E1), and between preoperative planning and
implantation (E2) were evaluated using CT in 16 fresh cadaveric hips.

Results E2 was significantly smaller with the wide-base-contact resurfacing-
THA PSG than with the narrow-base-contact type (P < 0.05). E1/E2 of the
wide-base-contact neck-cut PSG was 1.6 +0.7°/2.4=1.1° for the coronal
plane and 1.2 =0.8 mm/0.7 = 0.5 mm for the medial neck-cut height. E1/E2
of the wide-base-contact cup-impaction PSG was 1.0 =0.9°/3.4 +1.9° for
inclination and 1.7 + 1.1°/6.6 = 4.4° for anteversion.

Conclusions The wide-base-contact PSG in resurfacing-THA and the PSG for
neck-cut in THA could be applied clinically. Although cup-impaction PSG
setting was acceptable, errors were made due to the impaction process during
cup implantation. Copyright © 2013 John Wiley & Sons, Ltd.

Keywords patient specific surgical guide; total hip arthroplasty; resurfacing;
accuracy; computed tomography

Introduction

Patient-specific surgical guides (PSGs) have been introduced as convenient
surgical instruments for osteotomy (1,2) and arthroplasty (3-10). A PSG is
designed and made to match the surface of bone models based on either
computed tomography (CT) or magnetic resonance imaging data. A PSG for
implantation in total knee arthroplasty has been increasingly used (3), but
the usefulness of PSGs in total hip arthroplasty (THA) has been only sporadi-
cally reported (4-10), including a PSG for guidewire insertion in resurfacing
THA (RHA) (4-7) and a cup implantation guide (8-10). The absolute error of
the RHA femoral guidewire when comparing preoperative planning and the
postoperative implantation using CT was 0.6°-4.2° for the stem-shaft angle and
0.4°-8.2° for anteversion in clinical situations (4,5). The absolute error of the
cup implantation guide was 0.7°-5.5° for the inclinatdon angle and 0.8°-6.4° for
anteversion in clinical situations (8-10). However, there have been no reports
on validations of PSGs with respect to their design, comparison between preoper-
ative planning and PSG setting, and comparisons with other types of PSG which
are not the paralle] guidewire insertion type, such as neck-cut guide or the cup-
impaction guide in THA.

53



114

The purpose of this experimental study was both to
elucidate the accuracy of the neck-cut PSG and cup
implantation PSG setting comparing the preoperative
planning and actual PSG setting, and to elucidate the
accuracy of different designs of PSGs for the femoral
guidewire in RHA, neck-cut PSG in THA, and cup-
impaction PSG in THA, comparing the preoperative plan-
ning and the final implantation.

Materials and methods

Sixteen hips in eight fresh Caucasian cadaveric samples,
including whole pelvis and bilateral lower limbs, were
used. With an anticipated effect size of 0.95, a statistical
power of 0.6, and an allocation rate of 1.0, the minimum
sample size was estimated to be 16 hips. The accompany-
ing medical records confirmed that no hip disease was or
had been present in any of the hips. The cadavers in-
cluded two males and six females (mean age, 69 years;
age range, 48-95years; mean height, 159 cm; height
range, 150-170 cm; mean weight, 58kg; weight range,
47-61kg).

All 16 fresh cadaveric hips were imaged {rom the whole
pelvis to the femoral condyles using helical CT (Aquilion,
Toshiba Medical Systems, Tokyo, Japan). The legs were
fully extended, and the feet were stabilized in a neutral
position. Helical 1 mm CT sections were obtained at a
pitch of 1.5 using the following parameters: 120kV;
150 mA; and field of view 380-480 mm. The helical CT
data were reconstructed at 1 mm intervals and transferred
to a workstation in STL format.

The femoral coordinate system was based on the
retrocondylar plane (10). The XZ plane was the
retrocondylar plane. The YZ plane included the proximal
femur axis. The acetabular coordinate system was based
on the anterior pelvic plane (11). Pelvis and femur models

T. Sakai et al.

were made using 200 HU for model detection. The inter-
operator error of producing bone models was
0.048 + 0.25 mm.

A PSG for the femoral guidewire in RHA, a PSG for the
femoral neck, and a cup-impaction PSG in THA were
designed based on the preoperative (first-time) CT data
using image-processing software (Mimics ver. 14.11,
Materialise, Leuven, Belgium) (Space-E, NTT Data
Engineering Systems, Osaka, Japan). All PSGs were made
from resins (Nylon 12, Evonik Industries, Essen,
Germany) and produced by a machine (FORMIGA, EOS
GmbH, Krailling, Germany) using a rapid prototyping
method. The neck-shaft angle was designed as the stem
parallel to the calcar, and anteversion was adjusted for
the femoral neck axis to create the PSG for the femoral
guidewire in RHA (Figure 1). The neck-cut guide in THA
was designed as follows: the neck cut level was 1.5cm
above the tip of the lesser trochanter, and the neck cut
angle for the femoral shaft was 30°. A metal sleeve was
put on the cutting slit of the neck cut PSG when the neck
cut was complete (Figure 2). Two different types of PSG
base contact areas were designed for the RHA guide and
the neck-cut guide. These two types consisted of a
narrow-base-contact type and a wide-base-contact type.
The base contact area of the wide-base-contact type of
neck cut PSG was 56% larger than the narrow-base-
contact type, while that of the wide-base-contact type
of RHA guide was 25% larger than the narrow-base-
contact type. Radiographic inclination was 40° and
radiographic anteversion was 15° or 20° adjusted for
each individual acetabular anatomy based on the ante-
rior pelvic plane (Figure 3) for the cup-impaction guide.
The radiographic inclination was the angle between
the projected perpendicular axis of the cup opening
plane and the longitudinal axis. The radiographic
anteversion was the angle between the projected
perpendicular axis of the cup opening plane and the
anterior pelvic plane. The cup-impaction PSG consisted

Figure 1. Patient-specific surgical guide for the guidewire in resurfacing hip arthroplasty (RHA). The base contact area of the wide-
base-contact type of RHA guide is 25% larger than that of the narrow-base-contact type. (A) narrow-base-contact type; (B) wide-base-

contact type

Copyright © 2013 John Wiley & Sons, Ltd.
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Figure 2. Patient-specific surgical guide for the neck cut in total hip arthroplasty (THA). The base contact area of the wide-base-
contact type of neck-cut PSG is 56% larger than the narrow-base-contact type. (A) Narrow-base-contact type; (B) wide-base-contact type

Figure 3. Patient-specific surgical guide for cup implantation in total hip arthroplasty (THA). (A) Non-anterior rim contact type and
acetabular center is fixed. (B) Anterior rim contact type and acetabular center is allowed to move parallel to the planned inclination

and anteversion

of the setting part for the posterior acetabular rim, a
reaming guide part, and a final cup impaction guide
part. This cup implantation guide aimed to set not only
the inclination and anteversion angles, but also the cup
center using the reaming guide part and cup-impaction
guide part. Two different types of contact area cup-
impaction guides (with or without anterior rim fitting)
and cup center tolerance of PSG were designed (non-

Copyright © 2013 John Wiley & Sons, Ltd.
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anterior contact type and anterior contact type,
Figure 3). A changeable position of the cup center
maintaining the same planned inclination and
anteversion angle was allowed to avoid harmful stress
to the fixed rim part of the acetabular rim in the ante-
rior contact type.

The neck-cut guide and cup-impaction guide had four
metal sphere markers 2 mm in diameter for the evaluation
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