
CLINICAL ARTICLE

Validation of CT-Based Three-Dimensional
Preoperative Planning in Comparison with Acetate
Templating for Primary Total Hip Arthroplasty
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Objective: This study aims to compare the accuracy of CT-based preoperative planning with that of acetate templating
in predicting implant size, neck length, and neck cut length, and to evaluate the reproducibility of the two methods.

Methods: This prospective study was conducted between August 2020 and March 2021. Patients who underwent
elective primary total hip arthroplasty by a single surgeon were assessed for eligibility. The included patients under-
went both acetate templating and CT-based planning by two observers after the operation. Each observer conducted
both acetate templating and CT-based planning twice for each case. The outcome measures included the following:
(1) the accuracy of surgical planning in predicting implant size, calcar length, and neck length, which was defined as
the difference between the planned size and length and the actual size and length; (2) reproducibility of the two plan-
ning techniques, which were assessed by inter-observer and intra-observer reliability analysis; (3) the influence of
potential confounding factors on planning accuracy, which was evaluated using generalized estimating equations.

Results: A total of 57 cases were included in the study. CT-based planning was more accurate than acetate templating
for predicting cup size (93% vs 79%, p < 0.001) and stem size (93% vs 75%, p < 0.001). When assessed by mean abso-
lute difference, the comparison between acetate templating and CT-based planning was 4.28 mm vs 3.74 mm
(p = 0.122) in predicting neck length and 3.05 mm vs 2.93 mm (p = 0.731) in predicting neck cut length. In the inter-
observer reliability analysis, an intraclass correlation coefficient (ICC) of 0.790 was achieved for predicting cup size, and
an ICC of 0.966 was achieved for predicting stem size using CT-based planning. In terms of intra-observer reliability,
Observer 1 achieved an ICC of 0.803 for predicting cup size and 0.965 for predicting stem size in CT-based planning.
Observer 2 achieved ICC values of 0.727 and 0.959 for predicting cup and stem sizes, respectively. The average planning
time was 6.48 � 1.55 min for CT-based planning and 6.12 � 1.40 min for acetate templating (p = 0.015).

Conclusion: The CT-based planning system is more accurate than acetate templating for predicting implant size and
has good reproducibility in total hip arthroplasty.
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Introduction

The need for total hip arthroplasty (THA) has been
increasing rapidly over the past few decades, and the

annual surgery volume was estimated to reach 600,000 by
2030 in the United States1. In addition to the alleviation of

pain, prolonged survival and satisfactory functional out-
comes have become equally important2. To achieve these
goals, a high level of precision is required to choose the
appropriate size of implants and place them in correct posi-
tions, which helps minimize leg length discrepancy (LLD),
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restore offset, and avoid complications, including aseptic loos-
ening and periprosthetic fracture3. Preoperative planning helps
determine implant position and size, adjustment of leg length,
and adjustment of offset in total hip arthroplasty. Accurate
and reproducible preoperative planning is an essential and
integral part of a successful total hip arthroplasty4. In addition,
accurate planning increases efficiency in the operating room
and avoids excessive inventory stock of implants.5

Preoperative planning can be performed using radiog-
raphy and computed tomography (CT). Acetate templating
remains the primary option for preoperative planning for
many surgeons6. The accuracy of acetate templating in
predicting implant size varies widely in the literature (60%–
99.2%)2,3,6–11. The variable accuracy of X-ray-based planning
suggests that many factors could potentially influence this
planning method. Variations in the magnification rate and
projection during X-ray examination and variation in patient
anatomy can influence the accuracy of assessment of radio-
graphs. The measurement of femoral offset on X-ray has
been proven to be inaccurate due to anatomical variations in
femoral anteversion among patients12. The anterior and
posterior walls of the acetabular, femoral anteversion, and
intramedullary anatomy of the femur are usually not well-
appreciated in a two-dimensional image13.

CT-based preoperative planning has been reported to
achieve excellent accuracy (>90%) in predicting implant size13.
CT-based planning offers three-dimensional information and
allows for accurate assessment of patients’ individual anat-
omy13. In a long-term follow-up study, Torstein et al.14 found
that preoperative CT planning restored anatomical hip geome-
try, which might provide sustained clinical improvements with
a low complication rate. However, CT-based planning is asso-
ciated with additional radiation exposure and cost.

One study compared acetate templating and three-
dimensional CT planning in predicting acetabular cup size
and found that acetate templating significantly overpredicted
cup size when compared with the CT-based method15. The
X-rays were taken at a 115% magnification rate, which might
influence the accuracy of templating16. Other studies,
although without comparing with CT-based planning, have
shown that acetate templating can accurately predict implant
size in as many as 99.2% of the cases9.

There is still limited evidence whether acetate templating
can achieve an accuracy comparable to that of CT-based plan-
ning. Considering the extra radiation exposure and increased
cost of CT, X-ray-based planning may be the ideal preoperative
planning method if it provides equivalent accuracy. It is also
unclear which factors might influence the planning accuracy of
both planning methods. Planner experience has been shown to
influence the accuracy of acetate templating17. The influence of
the planner experience on CT-based planning has not yet been
investigated.

Previous studies have reported the reproducibility of X-
ray-based preoperative planning and CT-based planning. X-
ray-based planning has shown moderate inter-observer reliabil-
ity as assessed by intraclass correlation coefficients (ICC)6. In

CT-based planning, Wako et al.18 reported the inter-observer
reliabilities for predicting component size were above 0.9 for
stem size and cup size. However, the inter- and intra-observer
reliabilities of acetate templating and CT-based planning in the
same cohort remain uninvestigated.

Therefore, this study aims to: (1) compare the accuracy
of CT-based preoperative planning with that of acetate
templating in predicting the actual implant size, neck length,
and neck cut length; (2) evaluate the reproducibility and poten-
tial factors that influence the accuracy of the two methods.

Material and Methods

Study Design
This study was approved by the hospital’s institutional review
board (ethics number JS-2550). This prospective study was con-
ducted between August 2020 and March 2021. Patients were
included if: (1) they were 18–85 years old and underwent elec-
tive primary total hip arthroplasty; (2) THA was performed by
a single surgeon; (3) the patient received both X-ray and CT
examinations of the hip for the comparison of different plan-
ning methods; (4) the operation records containing information
about the prosthesis used and intraoperative findings were
available; (5) postoperative radiographs were available. Patients
were excluded if: (1) the radiographs and CT scans were not
standardized. A total of 60 cases were assessed, and 57 cases
were included in this study. Three cases were excluded due to
unstandardized radiographs.

Both acetate templating and CT-based planning were
conducted on patients after surgery by a third-year orthopae-
dic resident (Observer 1) and a fifth-year orthopaedic resi-
dent (Observer 2). Each observer conducted acetate
templating and CT-based planning twice for each case at
least 4 weeks after the operation. To avoid any bias caused
by recollection, each observer was blinded to the patient’s
identifiable information, and each plan was conducted with
an interval of at least 24 hours.

CT-Based Three-Dimensional Planning
A CT scan was conducted for each patient according to
the following protocol: the scan range was from the
highest point of the pelvis to 15 cm below the lesser tro-
chanter with cuts at 1-mm intervals. Artificial metal
reduction CT was performed if the patients had internal
fixation of the lower limb.

Three-dimensional planning was performed using
AIHIP software (Version 3.0, Changmugu, Beijing,
China). Within the software, artificial intelligence was
used for automatic processing of CT images. The process
included segmentation of the femur and pelvis and identi-
fication of featured anatomic landmarks. Bone landmarks,
including the anterior superior iliac crest (ASIS), pubic
symphysis, lesser trochanter, and femoral head center were
identified. The sagittal pelvic tilt was assessed according to
the ASIS-pubic symphysis plane (APP plane). The femoral
offset, leg length discrepancy, neck shaft angle, and other
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relevant data were calculated. Leg length discrepancy was
determined by the distance between the tip of the lesser
trochanter and the inter-ischial line. The results produced
by the AI algorithms were manually checked by trained
engineers and planners before preoperative planning to
ensure accuracy.

Acetabular component: The cup inclination was set at
40� � 10� and the anteversion of the cup was set at 15� � 10�.
In most cases, the ilio-ischial line defines the medial border of
the cup, and the inter-teardrop line defines the inferior border
of the cup. Size is determined by the position and bone cover-
age of the cup. At least 70% bone coverage should be achieved.
Bone coverage and the amount of bone to be removed can be
visualized, and the cup size, inclination, anteversion, and posi-
tion were adjusted (Figure 1).

Femoral component: The principle of femoral com-
ponent positioning was the same as that described by
Gonzalez Della Valle et al.4, with additional consideration
of the three-dimensional structure of the medullary cavity.
Neck length and neck cut length were measured to facili-
tate intraoperative assessment (Figure 2).

Acetate Templating
Standard supine pelvic radiographs were acquired with 10�

to 15� internal rotation of the hips. The magnification rate
was set at 100%. Acetate templating was performed
according to the principles and methods described by
Gonzalez Della Valle et al.4. In general, acetate templating
was performed in four steps: preoperative assessment, plan-
ning the acetabular component, planning the femoral com-
ponent and femoral head, and reviewing and adjusting the
plan. Preoperative X-ray measurements were conducted,
including the LLD and offset. The position and size of the
acetabular component were planned according to the follow-
ing criteria: On the vertical axis, the bottom of the acetabular
component should be placed at the level of the inter-teardrop
line. On the horizontal axis, the acetabular component
should approximate the ilio-ischial line to ensure adequate
coverage. The acetabular component was placed at 40� � 10�

of abduction. The position and orientation of the femoral
component were planned next, according to the following
criteria: the femoral component should be placed in a neutral
orientation along the anatomical axis of the femur. The stem

A B C

D

E

Fig. 1 CT-based planning for acetabular component. (A) Simulation of acetabular component in axial view; (B) Simulation of acetabular component in

sagittal view; (C) Simulation of acetabular component in coronal view; (D) Simulation of postoperative X-ray; (E) Simulation of peripheral cup

coverage. The green circle indicates where the stem is implanted in simulation. The red dot indicates the position of original hip center. In this case,

the cup was planned at 20� anteversion, 45� inclination, and the cup coverage was 92%.
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size was chosen such that the stem was in contact with the
cortical bone medially and laterally. The size and depth of
the femoral stem were determined to maintain cortical bone
contact, while minimizing LLD and offset changes. The size
of the femoral head was chosen to further optimize the LLD
and offset. Finally, the surgical plan was reviewed and
adjusted as needed to correct any inappropriate prosthesis
placement during the previous steps.

Surgical Technique
All operations were performed by a single surgeon in our
institution. This surgeon’s annual surgical volume for THA
is above 100. A standard surgical protocol was followed. In
brief, trial components were implanted after femur and

acetabular preparations. Reduction was conducted using trial
components. The surgeon tested for range of motion, leg
length discrepancy, and impingement. Adjustments were
made based on the tests after trial reduction. The neck length
was measured using the implanted trial prosthesis. Neck
length served as a reference for femoral prosthesis implanta-
tion. The prosthesis was then implanted. Neck length was
measured and compared with that of the trial prosthesis. All
patients received cementless prostheses. The acetabular com-
ponents were Pinnacle (DePuy Orthopedics, Warsaw, IN,
USA). The femoral components were the Corail Stem
(DePuy Orthopedics, Warsaw, IN, USA) and Trilock Stem
(DePuy Orthopedics, Warsaw, IN, USA). Standard perioper-
ative treatment and patient education were provided.

A B C

D E F

Fig. 2 CT-based planning for femoral component. (A) Simulation of femoral component in axial view; (B) Planned neck cut length and shoulder length;

(C) Simulation of postoperative X-ray; (D) Simulation of femoral component in coronal view; (E) Simulation of femoral component in sagittal view; (F)

planned neck length. The red circle indicates where the stem is implanted in simulation.
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Accurate Prediction of Component Size
The predicted component size was considered correct if it
was the same size as the implanted component, or if the dif-
ference was within one size.

Neck and Neck Cut Lengths
The neck length was defined as the distance from the femo-
ral rotation center to the tip of the lesser trochanter, and the
neck cut length was defined as the distance from the tip of
the lesser trochanter to the level of femoral resection. Both
measurements were taken intraoperatively using calipers and
during surgical planning. The differences between the actual
and planned lengths for both neck and neck cut measure-
ments indicate the accuracy of the preoperative plan.

Intra- and Inter-Observer Reliability
Intra-observer and inter-observer reliabilities were used to
assess planning reproducibility. Intra-observer reliability
refers to the reproducibility of an individual’s measurements
in two or more observations. Inter-observer reliability refers
to the level of agreement in measurements between different
observers.

Intraclass Correlation Coefficient (ICC)
The intraclass correlation coefficient (ICC) was used to
assess the intra- and inter-observer reliabilities. ICC
describes the agreement of multiple measurements made of
one item. An ICC less than 0.20 indicates slight agreement,
0.21–0.40 indicates fair agreement, 0.41–0.60 indicates mod-
erate agreement, 0.61–0.80 indicates substantial agreement,
and more than 0.80 indicates almost perfect agreement20.

Statistical Analysis
Statistical analyses were performed using SPSS version
25 (IBM, New York, NY, USA) and GraphPad Prism version
8 (GraphPad Software, CA, USA). Continuous variables were
recorded as mean � standard error. Categorical variables
were recorded as counts and percentages. The chi-square test
was used to assess the accuracy of preoperative planning.
The absolute error was defined as the absolute difference
between the planned component size and implanted compo-
nent size. Generalized estimating equations (GEE) were used
to compare the absolute error between the two methods
while assessing the influence of confounding factors, includ-
ing observer experience, BMI, and surgical approach. Statisti-
cal significance was set at p < 0.05.

Results

Study Population
Fifty-seven cases who met the inclusion criteria were pro-
spectively enrolled in this study. Three cases were excluded
because of non-standard radiography. The primary disease
was osteonecrosis in 49 cases, developmental dysplasia of the
hip (DDH Crowe I) in seven cases, and rheumatoid arthritis
in one case. There were 23 men and 34 women. Twenty-five

cases received THA using the direct anterior approach, and
32 cases underwent THA using the posterior approach. The
mean age of included patients was 43.64 � 15.63 years and
the mean BMI was 22.07 � 3.42 kg/m2.

Fig. 3 Accuracy of predicting cup size. The figure shows the percentage

of the two methods in predicting cup size. The level of accuracy was

classified into three categories: �0 size means the planned size and

the actual size was exactly the same; �0–1 size means the difference

between planned size and the actual size was within 1; �2 size means

the difference between planned and the actual size was at least 2.

Fig. 4 Accuracy of predicting stem size. The figure shows the

percentage of the two methods in predicting stem size. The level of

accuracy was classified into three categories: �0 size means the

planned size and the actual size was exactly the same; �0–1 size

means the difference between planned size and the actual size was

within 1; �2 size means the difference between the planned and the

actual size was at least 2.
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Accuracy of Acetate Templating and CT-Based Planning
The predicted acetabular component size was exactly the
same as the implanted size in 46.49% of the patients in the
acetate templating group compared with 52.63% of the
patients in the CT-based planning group (X2 = 1.719,
p = 0.190). The predicted acetabular component size was �1
size from the implanted size in 78.51% of patients in the ace-
tate templating group and 92.98% of patients in the CT-
based planning group (X2 = 19.539, p < 0.001) (Figure 3).
The predicted femoral component size was exactly the same
as the implanted size in 40.79% of acetate templating cases
and 54.82% of CT-based planning cases (X2 = 9.000,
p = 0.003). The femoral component size was accurately
predicted in 75% of acetate templating cases compared with
92.54% in CT-based planning cases (X2 = 25.810, p < 0.001)
(Figure 4). The preoperative planning results are listed in
Table 1.

The absolute mean error was assessed using the GEE.
The mean absolute error of the acetabular component size
was 1.588 � 1.734 in the acetate templating group and
0.991 � 1.263 in the CT-based planning group (p < 0.001).
The mean absolute error of femoral component size was
0.956 � 1.038 in the acetate templating group and
0.526 � 0.631 in the CT-based planning group (p = 0.001).
Observer, surgical approach, diagnosis, and patient BMI were
not factors that significantly influenced the agreement

between the planned implant size and actual implant size in
acetate planning or CT-based planning. The results are sum-
marized in Table 2.

Reproducibility of Acetate Templating and CT-Based
Planning
Intra-observer reliability was measured using the ICC, which
showed substantial intra-observer agreement in predicting cup
size and almost perfect intra-observer agreement in predicting
femoral stem size for both observers. In the prediction of neck
length using acetate templating, both observers showed substan-
tial intra-observer agreement. However, in CT-based planning,
Observer 1 showed an ICC of 0.384 for neck length, indicating
fair intra-observer agreement. Substantial intra-observer agree-
ment was found when predicting the neck cut length by both
observers. Satisfactory inter-observer agreement was achieved in
predicting implant size by both acetate templating and CT-
based planning. The ICC for predicting neck length was 0.450
for acetate templating and 0.543 for CT-based planning, indi-
cating fair inter-observer agreement. Substantial inter-observer
agreement was found when predicting neck cut length using
both acetate templating and CT-based planning. The intra-and
inter-observer reliability results are listed in Table 3.

Time Comparison Between Acetate Templating and
CT-Based Planning
In the CT-based preoperative planning group, the average
planning time was 6.48 � 1.55 min. In the acetate templating
group, the average planning time was 6.12 � 1.40 min
(p = 0.015).

Intraoperative Results
Intraoperative measurements of neck length and neck cut
length were made after the prosthesis was implanted,
recorded as the actual neck length and neck cut length.
The planned neck and neck cut lengths were measured
based on the surgical plans. The absolute difference
between the actual and planned measurements served as
an indicator of the planning accuracy. The mean absolute
difference for neck length was 4.275 � 3.379 mm for ace-
tate templating and 3.740 � 4.547 mm for CT-based plan-
ning (p = 0.122). The mean absolute difference in neck
cut length was 3.052 � 2.334 mm for acetate templating
and 2.934 � 2.685 mm for CT-based planning (p = 0.731).
There were no statistically significant differences in the mean

TABLE 1 Difference between predicted component size and actual implanted size by both planning methods

Cup size Stem size

Methods �0 size �0–1 size �2+ size �0 size �0–1 size �2+ size

Acetate 46.49% 78.51% 21.49% 40.79% 75% 25%
CT based 52.63% 92.98% 7.02% 54.82% 92.54% 7.46%
X2 Value 1.719 19.539 19.539 9.000 25.810 25.810
P Value 0.19 <0.001 <0.001 0.003 <0.001 <0.001

TABLE 2 Mean absolute difference between planning and
actual implant size and measurement

Acetate CT-based

Mean absolute
error

Mean
absolute error

GEE
Mean Std. Mean Std. p value

Acetabular
component

1.588 1.734 0.991 1.263 <0.001

Femoral
component

0.956 1.038 0.526 0.631 0.001

Neck length (mm) 4.275 3.379 3.740 4.547 0.122
Neck cut length
(mm)

3.052 2.334 2.934 2.685 0.731

Std. Standard deviation.
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absolute difference in neck length or neck cut length between
acetate templating and CT-based planning. A second femoral
neck resection was required in 10 cases to adjust leg length and
offset with the use of collared stems. The position of the
implanted acetabular component was adjusted in four cases to
allow for a better range of motion. Intraoperative complications,
including periprosthetic fractures, have not been reported.

Discussion

Accuracy of CT-Based Planning
In this study, CT-based planning showed an accuracy of 93%
for the acetabular component and 92% for the femoral com-
ponent. Our results for CT-based planning are consistent
with the findings of other studies; Hassani et al.13 reported
100% accuracy for the femoral component and 88%
accuracy for the acetabular component with CT-based three-
dimensional planning. Wu et al.21 assessed CT-based
three-dimensional planning in patients with a dysplastic
acetabulum and reported a cup size accuracy of 100%.
Ogawa et al.22 reported 94% accuracy for cup size and 85%
for stem size. Kobayashi et al.23 used the multiplanar refor-
mation technique to establish adjusted and calibrated CT

images and printed them for templating. A total of
184 patients were included in the study. Their technique
yielded 94.5% accuracy in predicting stem size and 95.5%
accuracy in predicting cup size. The results of previous stud-
ies and those of our study suggest a high level of accuracy in
CT-based preoperative planning. This indicates consistency
in the accuracy of the CT-based planning technique in the
literature, regardless of differences in software, patient selec-
tion, or observer. Senior surgeons and orthopaedic residents
were selected as observers in different studies. In our study,
residents conducted all preoperative planning and yielded
equivalent accuracy compared with studies in which plan-
ning was conducted by senior surgeons13. The detailed and
comprehensive assessment provided by the three-
dimensional planning system may compensate for the lack of
experience in observers. Therefore, CT-based planning may
help surgeons with less experience to conduct preoperative
planning as accurately as experienced surgeons.

Accuracy of Acetate Templating
Acetate templating accurately predicted acetabular compo-
nent in 78.6% of cases and accurately predicted femoral
component in 75% of cases. The reported accuracy of acetate

TABLE 3 Intra-observer reliability and inter-observer reliability

Intra-observer reliability (ICC)

Methods Observer Cup Femoral stem Neck length Calcar

Acetate Ob1 0.761 0.934 0.607 0.74
Ob2 0.722 0.964 0.666 0.634

CT-based 0.803 0.965 0.384 0.667
0.727 0.959 0.884 0.707

Inter-observer reliability (ICC)
Cup Femoral stem Neck length Calcar

Acetate Ob1 0.715 0.945 0.45 0.644
CT-based Ob2 0.79 0.966 0.543 0.687

Fig. 5 Example of comparison between the two planning methods. (A) Two-dimensional acetate templating. (B) Three-dimensional CT-based planning.
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templating differs widely in the literature. Dall et al.9 and
Eggli et al.24 reported templating accuracies of over 90%. Pet-
retta et al.6 reported that acetate templating accurately
predicted 77% of cup size and 75% of stem size. The average
accuracy of two-dimensional acetate templating was approxi-
mately 80% for the stem size and 77% for the cup size2. The
quality of X-ray radiographs has a significant influence on
the accuracy of X-ray-based planning3. Variations in the pro-
jection angle and magnification rate in the X-ray examina-
tion directly influence the sizing of the component. Studies
that applied standardized techniques in X-ray examination
reported 70%–90% accuracy in predicting component
size6,24. Unstandardized radiographic examination tech-
niques may fail to provide a correct magnification rate and
anatomical morphology, which leads to inaccurate planning.
In the present study, the radiology department in our institu-
tion conducted all radiographs based on the same standard-
ized technique. Standardized X-ray examination techniques
are the basis for accurate acetate templating.

Comparison Between the Two Techniques
In our series, the accuracy of acetate templating is inferior to
that of CT-based planning. CT-based planning is three-
dimensional in nature. The planned implant position can be
visualized from the sagittal, coronal, and axial views. In CT-
based planning, the femoral entry point was visualized in the
sagittal and coronal plane, which may be helpful in avoiding
the selection of smaller-sized stems because of impingement
of the anterior femoral cortex or varus/valgus placement of
the stem. On the acetabular side, the anterior and posterior
walls of the acetabular were well-visualized, and cup coverage
could be calculated in real-time according to cup size,
position, inclination, and anteversion. Compared with
three-dimensional planning, the information offered by two-
dimensional planning is limited. An example of a compari-
son between the two planning techniques is shown in
Figure 5.

Neck length and neck cut length were routinely mea-
sured during surgery. The predicted neck and neck cut
lengths were more accurate in the CT-based planning group.
This might be explained by the fact that the lesser trochanter
is more clearly visualized on reconstructed CT; therefore, the
preoperative measurement on CT was closer to the
intraoperative findings.

The fundamental difference between X-ray acetate
templating and CT planning is that CT planning provides
information on a three-dimensional scale. In acetate
templating, preoperative planning is conducted only in the
coronal plane. However, a plan that appears appropriate in
the coronal plane may not be appropriate in the sagittal
plane. For example, we have encountered cases in which the
cup size determined by acetate templating is appropriate in
the coronal plane; however, it did not match the anterior
and posterior edges of the acetabulum as shown in the sagit-
tal plane. In CT-based planning, the component was placed
considering both the coronal and sagittal planes. Other

functions of CT-based planning systems, including real-time
simulation and adjustment, have made it more convenient to
modify surgical plans. One study reported approximately
40% accuracy for X-ray planning and 70% accuracy for CT-
based planning19. The difference in accuracy between X-ray
and CT planning was greater in their study than in ours.
This might be because complicated cases, such as DDH with
Crowe II–IV classification, were not included in our study.
The three-dimensional assessment provided by CT-based
planning allowed for a better understanding of patients’
anatomy and facilitated more realistic surgical simulation,
which led to increased planning accuracy. We also hypothe-
size that the potential advantages of CT-based planning may
be more prominent in complicated cases.

Reproducibility and Influencing Factors of the Two
Techniques
Inter-observer and intra-observer reliabilities were assessed
using the ICC. Satisfactory agreement was reached in
predicting the component size, suggesting good reproducibil-
ity for both planning methods. Previous studies have found a
higher accuracy of templating in surgeons with higher expe-
rience level3,25. Observer experience and other covariates that
may influence the accuracy of templating were also analyzed
with generalized estimating equations, which showed that
observer experience, surgical approach, diagnosis, and
patient BMI were not factors with significant influence on
planning reliability in either planning method.

Study Limitations
One limitation of this study is that most of the cases were
AVN, which might not be the case in other institutions. In
addition, both acetate templating and CT-based planning
were compared with the actual implanted components and
intraoperative measurements. This assumes that the
implanted component is of optimal size and that the
intraoperative measurement is accurate, which might not be
true in some cases. Another limitation relates to the statisti-
cal power. Although the current sample size provided suffi-
cient power for statistical analysis, the inclusion of more
patients would result in a statistical outcome with increased
power.

Conclusion
CT-based preoperative planning is more accurate in
predicting the implant size for total hip arthroplasty than
acetate templating. Observer experience, BMI, and surgical
approach do not significantly influence the reliability of
either planning method.
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