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Abstract

Introduction This study was designed to evaluate the true
accuracy of patient specific instrumentation (PSI) for total
knee arthroplasty (TKA) using a new 3D measurement
method.

Materials and methods Consecutive 21 patients (30
knees) who underwent TKA using computed tomogra-
phy (CT)-based PSI were retrospectively evaluated. Mean
patient age was 69.2 years (62 to 77). The postoperative
three-dimensional (3D) CT image were superimposed onto
the preoperative 3D CT plan and measured the absolute
difference in the prosthetic alignment using six param-
eters: coronal, sagittal, and axial alignment of the femoral
and tibial prostheses. Cases in which the difference in the
prosthetic alignment was greater than 3° were considered
outliers.

Results For the femoral prosthesis, mean absolute differ-
ences between the preoperative 3D CT plan and postop-
erative 3D CT image were not significantly different and
the rates of outliers were 10.0, 33.3, 23.3% in the coronal,
sagittal, and axial planes. For the tibial prosthesis, mean
absolute differences were significantly larger in the axial
plane than in the coronal and sagittal planes (p <0.001) and
the rates of outliers were 23.3, 36.7, 63.3% in the coronal,
sagittal, and axial planes. The rates of outliers for the axial
alignment of tibial prosthesis were significantly higher than
for the other five planes (p =0.006).
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Conclusions The rotation of the tibial prosthesis with CT-
based PSI was less accurate in the axial plane than in the
other five planes.

Keywords Total knee arthroplasty - Patient specific
instrumentation - Three-dimensional evaluation -
Computed tomography

Introduction

Alignment of the prosthesis is one of the most important
factors that affects the long-term clinical results of total
knee arthroplasty (TKA) [1-5]. To improve the prosthetic
alignment and decrease cases of prosthetic outlier, patient
specific instrumentation (PSI) have recently been intro-
duced for TKA.

PSI is based on data from either magnetic resonance
imaging (MRI) or computed tomography (CT). Preop-
eratively, a three-dimensional (3D) plan for prosthetic
alignment is performed using computer software. PSI is
designed to correctly reproduce the preoperative 3D plan
during the operation. Intraoperatively, PSI is fit on the dis-
tal femur and proximal tibia. According to the PSI, distal
femur and proximal tibia are cut and femoral and tibial
prostheses are implanted. Therefore, to evaluate the true
accuracy of PSI, the preoperative 3D plan and postopera-
tive 3D prosthetic alignment should be directly compared.
However, previous reports on PSI have only measured the
postoperative prosthetic position from the postoperative
mechanical axis or anatomical landmarks of femur and
tibia [6-8]; thus, these reports did not consider the preop-
erative 3D plan, and they did not evaluate the accuracy of
PSI. It was hypothesized that PSI provided accurate postop-
erative prosthetic position.
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The present study aimed to compare the alignment of
the preoperative 3D CT plan and postoperative 3D CT, and
evaluate the accuracy of PSI for use during TKA.

Patients and methods

Consecutive 30 knees (21 patients) which underwent TKA
using PSI (Prophecy; MicroPort Orthopedics, Inc., Arling-
ton, TN, USA) were retrospectively evaluated (Fig. 1).
Four knees were male and 26 knees were female. Mean
patient age was 69.2 years (range 62—77 years) and mean
body mass index was 27.0 kg/m? (range 20.9-36.9 kg/m?).
Mean preoperative hip knee ankle angle was 12.0 degrees
varus (range —0.5-30.0 degrees varus). The preoperative
plan was developed using 3D CT data of the whole leg
(Fig. 2). PSI was designed on the basis of this preoperative
3D CT plan. A posterior stabilized prosthesis (Evolution
PS; MicroPort Orthopedics, Inc.) was used in all cases. All
operations were performed by one surgical team. The knees
were exposed using a medial parapatellar approach, and
the anterior and posterior cruciate ligaments were resected.
This study was approved by the institutional review boards
of our hospitals, and all patients provided informed con-
sent. A postoperative CT scan was obtained 2 weeks after
TKA. 3D data of femoral and tibial components were fit to
postoperative 3D CT image (Fig. 3) The femur and tibia of
the postoperative 3D CT image were superimposed onto
the femur and tibia of the preoperative 3D CT plan using
computer software (ZedView, ZedKnee; LEXI Co., Ltd.,
Tokyo, Japan) (Fig. 4). The absolute difference in the pros-
thetic alignment between the preoperative 3D CT plan and
postoperative 3D CT image was measured using six param-
eters: coronal, sagittal, and axial alignment of the femo-
ral and tibial prostheses. Cases in which the difference in

Fig. 2 Preoperative plan using 3-dimensional computed tomography
data was shown

the prosthetic alignment between the preoperative 3D CT
plan and postoperative 3D CT image was greater than 3°,

Fig. 1 Design of femoral and tibial patient specific instrumentation were shown. The green area indicates the contact area between the bone and

PSI
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Fig. 3 Postoperative 3-dimensional (3D) computed tomography (CT)
image was shown. 3D computer-aided design (CAD) data of femoral
and tibial components was fit to 3D CT image

were considered outliers [9]. Translations of components
were also measured in anterior-posterior (AP), mediolateral
(ML), and superior-inferior (SI) directions. The computer
software expressed the alignment (degrees) to one decimal
place and the translation (mm) to two decimal places.

Statistical analysis

To evaluate the intraobserver reliability, all six parameters
were repeatedly measured by an expert surgeon (K.Y.) in
20 knees at 4-week intervals to evaluate reproducibility.
To evaluate the interobserver reliability, all six parameters
were repeatedly measured by another assessor (H.H.) in
these 20 knees. Results of the interobserver and intraob-
server reliability were analyzed using intraclass and inter-
class correlation coefficients (ICCs). The ICCs were con-
sidered poor (less than 0.40), moderate (0.40-0.60), good
(0.61-0.80), and very good (0.81-1.00) [10, 11]. One-way
analysis of variance was used to compare the absolute dif-
ference in prosthetic alignment among the six parameters.
The Pearson’s Chi-square test and Fisher’s exact test were
used to determine the outliers. A sample size calculation

was performed using EZR software (Saitama Medical
Center, Jichi Medical University, Saitama, Japan) [12], and
the results showed that a sample of 24 knees was required
to achieve a power of 0.8 to detect a significant difference
(a =0.05, two-sided significance level). All data analyses
were performed with SPSS, version 23.0 (SPSS Inc., Chi-
cago, IL, USA). The level of significance was set at 0.05.

Results

The intraobserver and interobserver reliabilities of this
measurement method are shown in Table 1. The ICCs of all
six parameters were more than 0.9 (very good). Absolute
differences between two measurements of one observer and
between two observers were less than 1°.

Absolute differences in the prosthetic alignment between
the preoperative 3D CT plan and postoperative 3D CT
image are shown in Table 2. For the femoral prosthesis,
absolute differences between the preoperative 3D CT plan
and postoperative 3D CT image were not significantly dif-
ferent in the coronal, sagittal, and axial planes. For the
tibial prosthesis, absolute differences between the preop-
erative 3D CT plan and postoperative 3D CT image were
significantly larger in the axial plane than in the coronal
and sagittal planes (p<0.001). The outliers are shown in
Table 3. The rates of outliers for the axial alignment of
tibial prosthesis were significantly higher than for the other
five planes (p=0.006). Translations of component (AP,
ML, and SI) are shown in Table 4.

Discussion

This is the first study that superimposed a preoperative
3D CT plan on a postoperative 3D CT image, and directly
compared the prosthetic alignment between the preop-
erative 3D CT plan and postoperative 3D CT image after
TKA using PSI. The most important finding of this study
was that this new method for 3D analysis of PSI had a very
high intraobserver and interobserver reliabilities. PSI have
been introduced to improve the prosthetic alignment and
decrease cases of prosthetic outlier [13—18]. Some previous
reports have shown that PSI improved the prosthetic align-
ment [19, 20], whereas others have shown that compared
to conventional methods, PSI did not improve the pros-
thetic alignment [21, 22]. Therefore, it is still controversial
whether PSI improves the prosthetic alignment. One of the
reasons why the accuracy of PSI is still controversial is that
the measurement methods of prosthetic alignment in pre-
vious reports were not accurate. Most of previous reports
used postoperative radiographs [8, 23, 24]. However, meas-
uring prosthetic alignment using radiographs has several
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Fig.4 a The femur of the postoperative 3-dimensional (3D) com-
puted tomography (CT) image was superimposed onto the femur of
the preoperative 3D CT plan. b The tibia of the postoperative 3D
CT image was superimposed onto the tibia of the preoperative 3D

o
=
hS

CT plan. Differences in the prosthetic alignment between the preop-
erative 3D CT plan (red) and postoperative 3D CT image (blue) were
measured

Table 1 ICCs and absolute

: Prosthesis Plane Intraobserver reliability Interobserver reliability
differences between two

measurements in each plane ICC  Absolute differences between ICC  Absolute differences between
two measurements (degrees)T two measurements (degrees)*

Femoral prosthesis Coronal 0.974 0.47+0.36 0.932 0.68+0.69

Sagittal 0.958 0.53+0.31 0.921 0.89+0.93

Axial 0970 0.67+0.29 0.990 0.48+0.53

Tibial prosthesis ~ Coronal 0.904 0.96+0.47 0.953 0.46+0.40

Sagittal 0.955 0.67+0.47 0.966 0.73+0.69

Axial 0985 0.82+0.62 0949 094+1.14

ICC:s intraclass correlation coefficients

"Mean and standard deviation were provided

limitations. First, the measurement of prosthetic alignment
using radiographs is affected by the rotation of the leg [25].
Therefore, a two-dimensional measurement using radio-
graphic data is theoretically less accurate than a 3D meas-
urement using CT [26]. Second, although the preoperative
plan using PSI was 3D, a postoperative evaluation using

@ Springer

radiographs can only provide 2D data. Prosthetic align-
ment should be evaluated three-dimensionally, because the
preoperative plan using PSI was 3D. Furthermore, rota-
tional alignment cannot be evaluated using radiographs. To
evaluate the accuracy of 3D PSI, postoperative 3D analy-
sis should be performed. Evaluating prosthetic alignment
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Table 2 Absolute differences

; mad Prosthesis Plane Absolute differences in the prosthetic alignment between the
in the prosthetic ahgnment preoperative 3D CT plan and postoperative 3D CT image
between the preopefatlve 3DCT (degrees)
plan and postoperative 3D CT
image in each plane Femoral prosthesis Coronal 1.5 (0 to 4.7)

Sagittal 1.9(0t05.5)

Axial 20(0to5.4)

Tibial prosthesis Coronal 2.0(0.1t07.2)
Sagittal 220to5.4)
Axial 6.2 (0.1to 19.0)*

Mean (range) were provided
*p<0.01

Table 3 Outliers of prosthetic alignment in each plane

Prosthesis Plane Outliers (>3°)
Femoral prosthesis Coronal 10.0%
Sagittal 33.3%
Axial 23.3%
Tibial prosthesis Coronal 23.3%
Sagittal 36.7%
Axial 63.3%*
*p=0.006

using CT will improve the measurement accuracy of PSI.
Previous reports that used CT data measured the angle
between the prosthetic position and the coronal, sagittal,
and axial baselines that were drown on the postoperative
CT data [6, 27]. It is difficult to draw the same baselines
on preoperative CT and postoperative CT data, because
the bony landmarks on the distal femur and proximal tibia
are resected postoperatively. The error in the baseline set-
up between preoperative CT and postoperative CT may
results in a measurement error [28]. To eliminate such a
measurement error, the postoperative 3D CT image was
superimposed on the preoperative 3D CT plan and directly
compared the prosthetic alignment of the preoperative 3D

plan and the prosthetic alignment of the postoperative 3D
image. The present study showed that this new measure-
ment method had excellent interobserver and intraobserver
reliabilities. Regarding the use of PSI for a femoral pros-
thesis, outliers greater than 3 degrees have been reported in
0-15.0% of cases in the coronal plane [6-9, 18, 19, 22, 23,
29-31], 9.5-52.5% in the sagittal plane [7-9, 22, 23, 29,
31], and 2.2-23.0% in the axial plane [7, 9, 31, 32]. Regard-
ing the use of PSI for a tibial prosthesis, outliers have been
reported in 0-18.4% of cases in the coronal plane [7-9, 19,
22, 23, 29, 31, 33], and 20.0-65.0% in the sagittal plane
[7-9, 22, 29, 31, 33]. No studies have evaluated outliers in
the axial plane in terms of using PSI for a tibial prosthe-
sis. The present study showed that more outliers occurred
in the axial plan of tibial prosthesis than in the other five
parameters. There will be two reasons why more outliers
occurred in the axial plan of tibial prosthesis. First, the con-
tact area between the bone and PSI was smaller in the tibia
than in the femur (Fig. 1). A smaller contact area may result
in errors in the tibial PSI. Second, no markers were used to
guide the tibial component rotation after the proximal tibia
was resected. The pins used to fix the tibial cutting jig are
not parallel; instead, they are 20° external to the tibial com-
ponent rotation. Tibial rotation was determined manually;
thus, the tibial rotation became less accurate. To improve

Table 4 Translations of

Prosthesis Direction Absolute differences in the prosthetic position between the
componer}ts between the preoperative 3D CT plan and postoperative 3D CT image
preoperatlye 3DCT p.lan ancll (mm)
postoperative 3D CT image in
AP, ML, and SI directions Femoral prosthesis AP 0.74 (0 to 3.06)

ML 1.49 (0.14 to 4.66)
SI 2.35(0.15 to 4.80)
Tibial prosthesis AP 1.47 (0.15 to 4.94)
ML 1.41 (0 to 5.31)
SI 1.67 (0.01 to 6.41)

Mean (range) were provided

AP anterior-posterior, ML mediolateral, SI superior-inferior
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rotational alignment of the tibial component, the design of
the PSI should be improved. The contact area between the
bone and PSI should be enlarged, and a rotational guide
should be added even after tibial bone resection. This pre-
cise 3D analysis can clarify these problems associated with
PSI, and it will help improve the PSI design.

This study has a limitation. Only one PSI system was
evaluated. There are several PSI with different design fea-
tures. Therefore, the results of this study cannot be applied
to other PSI systems. Further study should be performed to
clarify the accuracy of each PSI system.

Conclusions

This is the first study that superimposed a preoperative
3D CT plan on a postoperative 3D CT image and directly
compared the prosthetic alignment between the preopera-
tive 3D CT plan and postoperative 3D CT image after TKA
using PSI. This new measurement method had a high reli-
ability. In addition, the rotation of the tibial prosthesis was
less accurate in the axial plane than in the other five planes.
This reliable measurement method will be useful for evalu-
ating PSI, and it may help improve the design of PSI.
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