116

of PSG setting accuracy on the bone surface (Figure 4).
Preliminary experiments using the four 2mm diameter
metal spheres showed maximum errors of 0.25 mm visual-
ized with CT using a 1.0 mm slice pitch.

The surgical procedure was performed through the pos-
terior approach with a 15em skin incision. CT was
performed a second time after inserting the femoral
guidewire using PSG for RHA to allow for an accuracy
assessment between the preoperative planning and
guidewire insertion. A second-time CT was also
performed after setting the PSG for neck-cut and cup-im-
paction for accuracy assessment between the preoperative
planning and the neck-cut/cup-impaction PSG setting in
THA. After the second CT was completed, the RHA
guidewire was removed, and then the femoral neck cut
was done as the slit of the PSG indicated, and acetabular
reaming and cup implantation using PSG were also com-
pleted. A cementless TNH system (Nakashima Medical,
Okayama, Japan), standard hemispherical cup and
straight stem were used for the THA implant (Figure 5).
A third-time CT was performed after implantation for
the acetabular and femoral components for accuracy
assessment between the preoperative planning and cup
and stem implantation.

Anteversion, neck-shaft angle, and the three-dimen-
sional insertion points of the femoral guidewire were
evaluated with the postoperative (second-time) CT based
on the retrocondylar plane coordinate system (11).
Anteversion was measured as the angle between the X
axis and the projector line of the stem axis on the XY
plane. The stem-shaft angle was measured as the angle
between the Z axis and the projector line on the XZ plane.
The differences between the planning and postoperative
values were calculated and defined as the error.

The neck-cut angle of the neck-cut PSG on the coronal
plane and on the sagittal plane, medial neck cut height,
and stem implantation position, including the varus/val-
gus angle and the flexion/extension angle, were evalu-
ated with postoperative (third-time) CT based on the

T. Sakai et al.

Figure 5. Plain radiograph of hip joint after THA using the neck-
cut and the cup-impaction PSG

retrocondylar plane coordinate system (11). Varus/valgus
and flexion/extension angles were measured on each
reconstructed coronal and sagittal plane.

Inclination and anteversion of the cup-impaction PSG,
and cup implantation position using inclination and
anteversion, were evaluated with the postoperative CT
based on the anterior pelvic plane coordinate system (12).

Comparisons between the two different surgical guides
were carried out using the Mann-Whitney U test. All
calculations were performed using SPSS software for
Microsoft Windows ver 20.0 (IBM, Armonk, NY). A P-
value <0.05 was considered significant.

Figure 4. Evaluation of PSG setting on bone surface accuracy. (A): Neck-cut'guide and cup implantation guide have four, 2 mm diam-
eter metal sphere markers (arrows) for evaluation of the validation of guide fitting. (B) A plane that includes four metal sphere
markers intraoperatively and another plane that includes the same preoperative planning markers are compared

Copyright © 2013 John Wiley & Sons, Ltd.
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Results
Preoperative planning vs PSG setting"

The absolute error between the preoperative planning
and PSG setting of the femoral neck guide with narrow-
base-contact area was 1.6 =1.3° for the coronal plane,
0.7 +0.3° for the sagittal. plane, and 0.8 =0.5mm for
the medial neck-cut height. The absolute error between
the preoperative planning and PSG setting of the femoral
neck guide with wide-base-contact area, was 1.6 =0.7°,
1.0 +0.4° and 1.2 =+ 0.8 mm for the coronal plane, sagit-
tal plane, and medial neck-cut height, respectively (Ta-
ble 2). There were no significant differences in PSG
setting between the two types of femoral neck PSG.

The absolute error between the preoperative planning
and PSG setting of the cup-impaction guide without ante-
rior contact was 3.4 % 2.4° for inclination and 3.6 =+ 2.8°
for anteversion, while that of the guide with anterior con-
tact was 1.0+0.9° and 1.7 +£1.1° for inclination and
anteversion, respectively (Table 3). There were significant
differences in the-absolute error- of inclination between
the two types of cup-impaction PSG (P = 0.03).

Preoperative planning vs implantation

The absclute error of the narrow-base-contact type be-
tween the preoperative planning and femoral guidewire
insertion was 2.6:£28% for the stem-shaft angle,
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2.4 =+ 1.8° for anteversion, and 3.6 = 2.7 mum for the femo--
ral insertion point.. The. absolute error-of the wide-base-
contact type was 0.9+0.5° 1.9 +1.8° and 2.9 + 1.4 mm
for the stem-shaft-angle, anteversion, and femoral inser-
tion point, respectively (Table 1). The absolute error of
the insertion point in the X-axis and the Y-axis was signif-
icantly smaller using the wide-base-contact type than
using the small-base-contact type (P <0.05).

The absolute error between the preoperative planning
and final implantation using the femoral neck-cut PSG
with narrow-base-contact area was 3.6+ 3.8° for the
coronal plane, 4.2x3.6° for the sagittal plane, and
0.9 = 0.5 mm for the medial neck-cut height. The absolute
error between the preoperative planning and final implan-
tation of the wide-base-contact type was 2.4 +1.1°,
1.7+ 0.9°, and 0.7 = 0.5 mm for the coronal plane, sagit-
tal plane; and medial neck-cut height, respectively
(Table 2). The absolute error of the varus/valgus stem
position angle was 1.4 =£0.8° (0.3°-2.3%), that of the
flexion/extension angle was 3.0+ 1.4° (0.5°-5.1%), and
that of the stem level was 1.9+ 1.0mm (0.6mm-
3.2mm). The average error of the varus/valgus stem posi-
tion angle was -1.3:£0.9° (-2.3°-0.3%), and all stem
varus/valgus position was within 3° The average error
of the flexion/extension angle was 3.0 =+ 1.5° (0.5°-5.1%),
and all samples' demonstrated- flexion: The average error
of the stem level was 1.6 = 1.5 mm (-0.7 iim-3.2 mm).
There were no significantdifferences in stem implantation
between.the two types.of femoral neck PSG.

Table 1. Accuracy of patient-specific' surgical- guides. far-femoral guidewire. insertion:in resurfacing total hip arthroplasty:

Preoperative planning vs guidewire insertion-

Narrow-base-contact type (N =8)

Wide-base-contact type (N =8).

Average errar.

Absaluteerror

Average error Absolute error

Stem-shaft-angle:(")
Anteversion-(*}
Insertion-point {mm)

01339 (—9:87_.31 )
2.0£2.3(-0.6~5.0)
3.6+27(1.4~10.5)

X-axis (mm) 0.0+2.0(-2.4~3.5) 1.8+0.97 (0.4~35)
Y-axis (mmy 1.8+1.9 {~0.5~5.9) 1.9+1.8 (0.3~5.9)
Z-axis (mm) -0.8+3.0(81~15) 2.1+2.3% (0.7 ~8.1)

2.6 7.8 (0.5~9:8)
2.4 +£1.8 (0.65.0)
3.6+2.7 (1.4~10.5)

DS T0CO8R1ig) ™
1.9%2:0(-0.2 ~6.1)
2.921.4 (0.9 ~6.0)
0.0+0.8 (0.7 ~15)
2.61:4(0.4~5.8)
0.020.8 (1.7 ~0.9)

0.9+ 0.,5(0:1 ~ 1.9y
1.9+1.8(0.2~6.1)
2.9+1.4(0.8~6.0)
0.7 £ 0.4% (0.1~1.5)
2.6+14(04~5.8)
0.6:+0.5" (0~1.7)

Values are mean + standard deviation.
P =0.02, **P = 0.03 {Mann-Whitney U test).

Table 2. Accuracy of patient-specific surgical guides for femoral neck-cut in:total hip-arthroplasty

Narrow-base-contact type (N=8)

Wide-base-contact type (N = 8)

Average error Absolute error Average errar Absolute error
Preoperative planning vs. Surgical guide setting
Neck-cut angle on coronal plane (7) 0.8+1.9(-1.6~47) 1.6+13(0.1~47) 01%1.7(-22~2.8) 1.6+x0.7(0.6~-2.8}
Neck-cut angle-on-sagittal plane® (°) 03+07(08~1.1 07%03(03~11) 06*03(-1.1~1.6) 1.0+04(0.4~1.6)
Medial neck-cut height {mm) 03+09(-1.5~13} 08+05(0.1~15 08x11(11~25) 1.2+08(0.1~2.5)

Preoperative planning.vs. Stem implantation

Neck-cut angle on coronal plane (7) -0.1%+52(-128~4.1) 36+38(0.3~128) 15x2.1(-1.9~35)
Neck-cut angle on sagittal plane™ (%) 32+46(-3.8~11.8) 42x36(0.5~11.8) 1.0x1.7(-2.0~4.3)
Medial neck-cut height {mm) ~0.7+08(-1.9~0.8) 09x05(0.2~19) -05x07(-1.7~04) 0.7x05(0.1~1.7)
Varus / Valgus on coronal plane** (°} -09%07(2.0~05) 1.0x06(0.2~2.0) -1.3%09(23~03) 1.4+08(03~2.3)
flexion/ extension:on sagittal.plane™*F (7}.-1.5+0.9.(-2.9~-0.4). 1.5:0.9{04~ 2.9} ~3.0x 1.4 (-5.1~-0.5) 3.0+ 1.4 (0.5~5.1)

24+1.1(0.8~4.3)
1.7x0.9 (0.6 ~3.5)

Values.are mean + standard deviation.
*Excessive flexion-angle directionis+ .
**Valgus direction'is + .
++Flexion-direction is+-

neJ Med Robotics Comput Assist Surg 2014;-10: 113-120.
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The absolute. error of the cup-implantation PSG with-
out anterior contact. was 6.7 #4.2” for inclination: and
8.4 #+-4.8° for anteversion. The-absolute error-of ‘the:cup
implantation guide with-anterior contact was 3.4 +1.9°
and 6.6:4.4° for inclination and anteversion, respec-
tively (Table 3). There were significant differences in the
average error of inclination between the two types of
cup-impaction PSG (P = 0.02).

Discussion

The inclination and anteversion of the acetabular compo-
nent, and the anteversion and the offset of the femoral
component are important for longevity in THA, because
malposition of the components can lead to postoperative
limitation of activities of daily living (13,14), dislocation
(13,14), wear issues at the articulation (15), and aseptic
loosening (16,17). Precise implantation according to

T. Sakai et al..

preoperative planning is desirable in THA. PSG is a conve-
nient instrument. for precise.implantation in. THA,. and.it
showed the same accuracy as the ClI-based navigation
system inr femoral guidewire insertionin RHA (7).

In the present study, the accuracies between the preop-
erative planning and PSG setting of the femoral neck and
cup impaction were elucidated. The accuracies of the
femoral guidewire insertion PSG and the femoral neck
PSG were acceptable for clinical use.

The absolute error between the preoperative planning
and the femoral guidewire insertion for RHA was signifi-
cantly better using the wide contact type than the narrow
contact type in the present study, and these results were
comparable with other PSG reports, which showed errors
of 0.6°-4.2° for the stem-shaft angle and 0.4°-8.2° for
anteversion in the clinical situation (4-6). The results
for the wide-base-contact PSG are also comparable with
reports from a previously published navigation study
(18) (Table 4). The accuracy of PSG in RHA was depen-
dent on the design, including the contact area with the

Table 3. Accuracy of patient-specific surgical guides for cup implantation in total hip arthroplasty

Non-anterior rim contact type (N = 8)

Anterior rim contact type (N = 8)

Average.error

Absolute:error.

Average error Absolute error

Preoperative planning vs. Surgical guide setting
Inclination*("} —1.8+38(-6:5~3.1)
Anteversion (%) 1.6+43(-3.0~9.7)

Preoperative planning vs. Cup implantation
Indination (") —55+56%" (-105~3.6)
Anteversion-{*) 76+6.0(3.2~191)

3.4%2.4% (0.5~6.5)
3.6:+28(06~-9.7)

6.7+4.2(1.0~12.1)
84+4829~19:1)

0.6+1.2 (-0.9~2.8)
~0.3:4£19(2.7~3.7)

1.0+0.9% (0.1 ~2.8)
1.7+1.1(0.4~3.7)

23432 (-2.2~6:9)
4.1£67-51~16.2)

3.4+19(0.1.~6.9)
6.6+4.4(0.6~16.2)

Values.are.mean = standard deviation. .
P =0.03, *TP-=0.02 (Mann-Whitney-U test)..

Yable:d. Comparison-of:accuraay afscamputer-assisted:resurfacing total:hip-arthroplasty-and:total-hip:arthroplasty

Femoral guidewire insertion in RHA*

Subjects thips) Device Stermn-shaft angle. (")  Anteversion {°}  Insertion point (mm)
Raaijmaakers et.al. (5) 5 PSGY Mean 2.02 Mean'1.84
{(1.5~2.9) (1.6~2.1)
Kunz et af. (4) 45 PSG* Mean Mean
1.14. 449
Andenaert et al. (6) 6 pPSG* 41+1.8 27%20
Cobb et al. (18) 96 models, Imageless navigation 02 0:x9 posterior! £ 6.2
artificial femora. inferior:2 £ 2.1
(T-based navigation - Tt 12 posterior:1 £ 1.6
inferior:0+1.1
Current study 16 cadaveric PSG™ {narrow base) 26+28 24+18 37+26
PSG* (wide base) 0806 1720 26x15

Cup implantation in THA**

Subjects (hips) Device Inclination {*) Anteversion {°)

Hananouchi et a/. (8) 24 PSG™ (parallel guidewire) 28%21 3.7%27
Hananouchi et al. (9) 38 PSG* (parallel guidewire) 32+23 37x27
Zhang et al. (10) 11 PSG™ {reaming guidewire) 1.6x04 1911
Steppacher et al, (19) 70 Mechanical navigation.instruraent 13+34 1.0x41
Kitada et.al: (20} 30 CT-based navigation 1.5+35 1456
Current study 16 cadaveric PSG™ {impaction; non-anterior:yim) 6742 84+48

PSG™ (impaction; anteriorrim.contact) 3421 6.6+47

Values are mean  standard deviation.
*Patient spedific surgical guide.

Copyright © 2013 John Wiley & Sons; Ltd.
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bone surface. The greatest error for the guide with
narrow-base-contact type, which had two different fitting
positions; was the result of the small contact area for the
femoral neck: However; no hips-in-the wide-base-contact
type guide had two or more fitting positions. Although it
was not possible to evaluate the accuracy between the
preoperative planning and PSG setting of the femoral
guidewire in RHA because the PSG was too bulky to be
set on.the femur in.vivoe during CT imaging, the accuracy
between the preoperative planning and guidewire inser-
tion overcame this limitation, and the contact base area
of this PSG is almost the same as that of the neck-cut
PSG, which showed good accuracy.

The errors between the preoperative planning and stem
implantation showed no significant differences between
the wide-base-contact type and the narrow-base-contact
type guides for the neck-cut PSG. The accuracy of both
of the femoral neck PSGs was acceptable, and all stem
varus/valgus positions were within 3°,

The cup-impaction PSG was intended to set not only
the inclination and anteversion angles, but also the path
of reaming and cup fixation. The absolute errors between
the preoperative planning and the guide setting were
better using the anterior contact type than the non-ante-
rior contact type, and there were comparable.with previ-
ous reports for ‘the cup-implantation PSG (8-10,19,20).
However; the absolute error between the preoperative
planning and implantation in the present study was worse
than that in other PSG reports.that attempted either a par-
allel guidewire insertion to the ilium for the inclination
and.anteversion:(8,9) or. a.mechanical navigation instru-
ment (19).in the-clinical situation (Table 4). The absolute
errors between-the-preoperative-planning and cup implan-
tation. might-be-a-result of the differences:between-the
path of the reaming.and: implantation, as well as the
movementof the-guide by impaction: Although-a change:
able position maintaining. the. same. planned.inclination
and anteversion angles was allowed, in order to avoid.
causing harmful stress to the fixed rim part of the acetab-
ular rim, cup. impacton errors’ may have been made
during cup implantation. PSG tends not to maintain an
accurate position with .impaction, and thus it. may not be
clinically usefi1l for cup implantation. In contrast, PSG
could be clinically used for cutting or guidewire insertion.

There were some limitations of the present study. First,
there was no. control group, in other words, no manual
implantation group without PSG. Second, inter-observer
error was not analyzed. As there has been only one report
concerning inter-observer error in THA using PSG (7),
inter-observer error must be elucidated in the future for
universal use of PSGs in THA.

In conclusion, the accuracies of both the wide-base-
contact PSG for femoral guidewire insertion in RHA
and the PSG for neck-cut in THA were acceptable, and
they.could.be used clinically. Although the cup-impaction.
PSG setting, which was-intended to set not:only.the:incli-
nation . and. anteversion .angles, but. also. the..path -of

reaming and cup fixation,. was acceptable, errors. were.

made due to impaction-during: cuprimplantation:

Copyright © 2013 Jalin Wiley-&Sons,. Ltd..
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