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Abstract 

Background: We developed a mobile device application and dedicated pelvic positioner with the aim of improving 
the acetabular cup placement accuracy in patients undergoing total hip arthroplasty (THA). The function of the appli-
cation was to display the intra-operative cup angle. The accuracy and clinical usefulness of this combined method 
were verified through comparison with the conventional alignment guide method.

Methods: In total, 60 patients who underwent cementless THA were included in this study. We compared the cup 
alignment when using this combined method with that when using the conventional alignment guide method. 
The absolute value error between the intra- and post-operative angles of inclination and anteversion of the cup was 
calculated.

Results: The absolute value error of inclination was 2.4° ± 2.1° in the study group and 4.0° ± 3.3° in the control group 
(P = 0.107). The absolute value error of anteversion was 2.8° ± 2.6° in the study group and 7.4° ± 5.3° in the control 
group (P < 0.001).

Conclusion: Using the application and pelvic positioner is simple and can be introduced at a low cost. The more 
accurate measurement of the intra-operative cup angle using this combined method has improved the cup insertion 
accuracy compared with that of the conventional alignment guide method.

Keywords: Total hip arthroplasty, Lateral decubitus position, Acetabular cup orientation, Application, Pelvic 
positioner
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Background
The orientation of the acetabular cup in total hip arthro-
plasty (THA) affects the rate of dislocation, liner wear, 
range of motion, and long-term results [1, 2]. An align-
ment guide is usually used for the orientation of the 
acetabular cup. However, there are some reports of inac-
curacy with this method [3–5]. It is said that a more lim-
ited safe zone should be set to improve treatment results 
[6, 7]. There are many opinions regarding introducing 

the navigation system as a more accurate cup placement 
method [8, 9]. Regardless of this, the navigation system 
introduction rate is still 14.1% in Japan [10]. The intro-
duction rate of navigation systems is considered to be low 
primarily because it does not match the introduction and 
running costs.

There have been some reports on the usefulness of an 
inexpensive and simple surgical support system instead 
of an expensive navigation system [11, 12]. These surgi-
cal support systems have been introduced with the aim 
of clarifying the relationship between the reference pelvic 
plane and the intra-operative pelvic position or improv-
ing the ambiguity of the angle evaluation method when 
the cup insertion. To overcome both problems, we have 
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developed a dedicated pelvic positioner that can repro-
duce the reference pelvic plane when placement the cup 
about the problem of intra-operative pelvic position and 
we created an application using the gyro sensor of the 
mobile device to deal with the ambiguity of the angle 
evaluation method when inserting the cup.

The purpose of this study was to verify the accuracy of 
the intra-operative angle measurement method that uses 
the pelvic positioner and the application of the mobile 
device together.

Methods
In total, 60 patients (12 males, 48 females, average age 
of 63 [32–83] years) who underwent primary cement-
less THA between September 2014 and September 
2017 at Tottori University Hospital were included in this 
study (Table 1). The control group consisted of 30 cases 
(5 males, 25 females, average age 59.3 [32–83] years) in 
which the alignment guide method was used from Sep-
tember 2014 to March 2016. The diseases of the control 
group were osteoarthritic hip in 20, femoral head oste-
onecrosis in 8, and rheumatoid arthritis in 2 cases. The 
study group included 30 patients (7 males, 23 females, 
average age of 67.6 [35–83] years) who underwent THA 
using our device from April 2016 to September 2017. The 
diseases of the study group were osteoarthritic hip in 25 
cases and femoral head osteonecrosis in 5 cases. The iOS 
application named THA cup protractor (EGG CO., LTD. 
Yonago Japan) and the pelvic positioner (Nemoto Firm., 
Tokyo Japan) were jointly developed by us and each com-
pany as non-commercial products for this clinical study. 
Excluded subjects in this study were those for whom con-
sent was not obtained, cases of primary THA in which a 
plate or support ring was used because of severe hip dys-
plasia, infectious hip arthritis, and revision THA.

Pre‑operative planning
All surgeons (Y.K., A.K., S.E., and K.M.) are hip joint sur-
geons at our hospital. They made a pre-operative plan 
using 3D template software (the 3D Template ™ Japan 
Medical Materials, Osaka, Japan) and decided which 
implant model to use. Model selection was left to the dis-
cretion of each surgeon. The implants used in the con-
trol group were all AMS™ (Kyocera, Kyoto, Japan). In the 
study group, SCRUM™ (Kyocera, Kyoto, Japan) was used 
in 21, G7™ (Zimmer Biomet, Warsaw, Indiana) in 4, Con-
tinuum™ (Zimmer Biomet, Warsaw, Indiana) in 2, PIN-
NACLE™ (DePuy Synthes, Warsaw, Indiana) in 2 cases 
and Trident™ (Stryker Orthopaedics, Mahwah, New 
Jersey) in 1 case. The cup model was selected based on 
the surgeon’s preference and affected by stem selection 
based on the shape of the medullary cavity of the femur. 
In all cases, computed tomography (CT) images were 
taken within one month before surgery. Digital Imag-
ing and Communications in Medicine (DICOM) images 
were read with the 3D template software described above 
and used to determine the planned implant size and cup 
placement position and angle. The reference plane was 
set in the functional pelvic plane (FPP) [13]. The position 
of the cup was decided by each operator, but in principle, 
the radiographic inclination (RI) was 45° and the radio-
graphic anteversion (RA) was 15°. In the study group, 
the center-edge angle was considered based on the 3D 
template of the pre-operative plan. We also planned to 
reduce the anteversion in patients with large posterior 
pelvic tilt. In the control group, the cup placement angles 
were 45° (inclination) and 15° (anteversion) with refer-
ence to the alignment guide in all cases.

Surgical procedure
All operations were performed with the patient lat-
eral decubitus position. In the control group, the Dall 

Table 1 Patient demographic data

BMI, body mass index, OA, osteoarthritis; ON, osteonecrosis; RA, rheumatoid arthritis

Study group
(30 hips)

Control group
(30 hips)

P value

Patient age (years) 67.6 59.3 0.014

Gender (male: female) 7:23 5:25 0.519

Side (right, left) 14:16 15:15 0.796

BMI (kg/m2) 23.8 24.6 0.176

Diagnosis

OA 25 20 0.084

ON 5 8

RA 0 2

Approach Dall:15
Modified Watson–Jones:15

Dall:28
Modified Watson–Jones:2

< 0.001
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approach was selected in 28 cases and the modified 
Watson–Jones approach was selected in 2 cases. In 
the study group, the Dall approach was selected for 15 
patients, whereas the modified Watson–Jones approach 
was selected for 15 patients. The approach was not ran-
domised; however, the approach that each surgeon 
usually uses was selected. Since this study was also con-
ducted in the introductory period of the minimally inva-
sive surgery (MIS) approach, a high proportion of the 
study group underwent the modified Watson–Jones 
approach.

In the control group, the conventional alignment 
guide method was used [14]. The patient was placed in 
the lateral position, and the tilt of the operating table 
was adjusted so that the teardrop line was perpendicular 
to the floor and the obturator foramen was symmetri-
cal. After confirming these under fluoroscopy, the sym-
physis pubis and sacrum were fixed from the front and 
back using the side plates. The cup alignment was visu-
ally adjusted with reference to the floor plane and the 
longitudinal axis plane of the body. In the study group, 
a dedicated pelvic positioner and iPod touch® having the 
THA cup protractor installed were used. The anterior 
superior iliac spine (ASIS) on both sides and the sacrum 
were fixed using a custom-made pelvic positioner. The 
pelvic positioner has pads for fixing the ASIS on both 
sides and an accessory table for installing the iPod touch® 
at the time of reference (Fig.  1). On fixing the ASIS on 
both sides to the center of the fixture pad, the ASIS gets 
aligned in the same plane, and the line connecting the 
ASIS on both sides becomes perpendicular to the oper-
ating table’s plane. By correcting the pelvic obliquity and 
rotation of the coronal plane, the intra-operative pelvic 
plane can be defined. The iPod touch® is covered with 
a sterile film. First, launch the application and enter the 
operative inclination (OI) and operative anteversion (OA) 
based on the pre-operative plan. Next, calibration is per-
formed by installing the iPod touch® on the calibration 

table attached to the pelvic positioner. Because this table 
is designed to be parallel to the pelvic positioner in the 
coronal and sagittal planes, this calibration operation 
synchronises the pelvic positioner with the reference 
plane of the iPod touch® (Fig. 2). The iPod touch® is used 
by connecting it to the cup impactor with a custom-
made dedicated connector. The custom-made dedicated 
connector is designed so that the reference plane of the 
iPod touch® is parallel to the cup plane (Fig.  3). Using 
the 3-axis gyro sensor of the iPod touch®, the amount of 
change in the coronal and sagittal plane angles is calcu-
lated from the calibrated reference plane. The set degree, 
measurement degree, and error value of OI and OA are 
displayed on the screen (Fig. 4).

Radiographic assessments
In all cases, CT images were taken 2  weeks after sur-
gery. The DICOM image was read with the 3D template 
software. The reference plane was set to the FPP. RI and 
RA were measured by matching cups of the same diam-
eter on the software with surgically-placed cups. In this 
verification, inclination, and anteversion were unified 
with radiographic definitions [15], i.e., because the intra-
operative application display angles, OI and OA are con-
verted into RI and RA, Murray’s conversion formula [tan 
(RI) = tan (OI) / cos (OA), sin (RA) = sin (OA) × cos (OI)] 
was used. The achievement rates of the Lewinnek safe 
zone (inclination 40° ± 10°, anteversion 15° ± 10°) [5] were 
compared between the groups. For the study group, to 
verify the effect of the surgical approach on this method, 
the accuracy was compared and examined between the 
approaches.

Sample size and statistical analysis
Power analyses were performed using G*Power 3.1.9.2 
(Heinrich Heine, University of Dusseldorf, Dusseldorf, 
Germany). On conducting the pilot study with five cases 
in each group, it was found that the mean absolute value 

Fig. 1 Pelvic positioner. Pelvic positioner has pads for fixing the ASIS on both sides and an accessory table for installing the iPod touch® at the time 
of reference. Pelvic positioner from anterior–posterior (A), cranio–caudal (B) and aerial view (C) is shown. ASIS, anterior superior iliac spine
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error of the cup placement angle was 2.9° ± 2.4° in the 
study group and 5.7° ± 4.1° in the control group. Based on 
the effect size of 0.83 obtained in the pilot study, a power 
calculation (α-error: 0.05, power: 0.8) was performed, 
which suggested that 50 patients (25 patients per group) 
would be required for conducting a trial with the abso-
lute cup placement angle error as the endpoint.

The Mann–Whitney U test was used to compare the 
absolute cup installation angle error and age between 
groups. Student’s t-test was used for comparing body mass 
index (BMI) between groups. Pearson’s chi-square test was 

used to compare the achievement rates of gender, side, sur-
gical approach, and Lewinnek safe zone. Fisher’s exact test 
was used to compare the achievement rates of diagnostics. 
For statistical analysis, IBM SPSS version 25 for Windows 
(SPSS Inc. Tokyo, Japan) was used. P < 0.05 was considered 
statistically significant.

Results
The average age of patients was 67.6  years in the study 
group and 59.3 years in the control group (P = 0.014). The 
study group had the Dall approach for 15 hips and the 

Fig. 2 Fixing the pelvis using the pelvic positioner and setting the reference plane of the application. For setting the reference plane of the 
application on the accessory table: the reference line is parallel to the operating table and vertical to the line connecting the ASIS on both sides 
with the coronal plane (A) and parallel to the pelvic plane with the sagittal plane (B). ASIS, anterior superior iliac spine

Fig. 3 The iPod touch® connected to the cup impactor. The 
iPod touch® is used by connecting it to the cup impactor with a 
custom-made dedicated connector. The custom-made dedicated 
connector is designed such that the reference plane of the iPod 
touch® is parallel to the cup plane

Fig. 4 Screen of the application named THA cup protractor. The 
OI and OA set degree, measurement degree and error value are 
displayed simultaneously on the screen with an accuracy of 1°. The 
figure shows set degree OI 42° and OA 15°, measurement degree OI 
50°, OA 12°, error value OI 8° and OA − 3°. OI, operative inclination; 
OA, operative anteversion
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modified Watson–Jones approach for 15 hips, whereas 
the control group had the Dall approach for 28 hips and 
the modified Watson–Jones approach for 2 hips. This 
shows a significant bias between the groups (P < 0.001) 
(Table 1).

The absolute error between intra- and post-OI in the 
study group was 2.4° ± 2.1° and 4.0° ± 3.3° for the con-
trol group (P = 0.107). The anteversion was 2.8° ± 2.6° 
for the study group and 7.4° ± 5.3° for the control group 
(P < 0.001) (Table  2). As a result of verifying the post-
operative cup placement, inclination was 41.8° ± 3.5° 

(32.8°–49.2°) and anteversion was 12.6° ± 3.6° (6.1°–19.9°) 
in the study group. In the control group, inclination was 
43.0° ± 4.8° (32.9°–51.7°) and anteversion was 12.4° ± 8.9° 
(− 0.7°–34.4°), i.e., the achievement rate of Lewinnek safe 
zone (inclination 40° ± 10°, anteversion 15° ± 10°) [5] was 
100% (30/30) for the study group and 56.7% (17/30) for 
the control group (P < 0.001) (Fig. 5).

Regarding the effect of the surgical approach on the 
cup placement accuracy using this method, the absolute 
error between intra- and post-OI in the study group was 
2.3° ± 2.1° for the Dall approach and 2.5° ± 2.2° for the 

Table 2 Absolute value error of intra-and post-operative cup placement angles

a Mean ± standard deviation
b Mann–Whitney U test

Control group
(30 hips)

Study group
(30 hips)

P value

Intraoperative inclination (°)a 45 42.7 ± 3.1

Postoperative inclination (°)a 43.0 ± 4.8 41.8 ± 3.5

Absolute value error of inclination (°)a 4.0 ± 3.3 2.4 ± 2.1 0.107b

Intraoperative anteversion (°)a 15 11.0 ± 4.4

Postoperative anteversion (°)a 12.4 ± 8.9 12.6 ± 3.6

Absolute value error of anteversion (°)a 7.4 ± 5.3 2.8 ± 2.6 < 0.001b

Fig. 5 Scatter plot of cases achieving the Lewinnek safe zone. The cases in the dotted rectangle meet the requirements of the Lewinnek safe zone. 
The study group: thirty of thirty cases (100%) were within the conditions of the Lewinnek safe zone. The control group: 17 of 30 cases (56.7%) were 
within the safe zone
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modified Watson–Jones approach (P = 0.819). The abso-
lute error between intra- and post-OA was 2.2° ± 1.6° 
with the Dall approach and 3.4° ± 3.3° with the modi-
fied Watson–Jones approach (P = 0.430). No statistically 
significant difference was observed between the groups. 
This suggests that the surgical approach does not impact 
our method.

Discussion
The cup placement accuracy using our method was 
2.4° ± 2.1° for inclination and 2.8° ± 2.6° for anteversion. 
The method using the alignment guide reportedly devi-
ates from the safe zone of Lewinnek in many cases [16]. 
Some previous reports have investigated accuracy of 
image-free navigation systems and CT-based naviga-
tion systems. Accuracy of CT-based navigation systems 
is reported as 1.2°–3.2° for inclination and 1.0°–3.3° for 
anteversion [8, 17–19]. Accuracy of image-free naviga-
tion systems is reported as 2.9°–3.6° for inclination and 
4.2°–6.7° for anteversion [17, 20–22] (Table 3). Although 
the result obtained using our method was inferior to 
that obtained using the CT-based navigation system, it 
was comparable to the result obtained using image-free 
navigation. These results indicate that this method has 
practicality that can demonstrate clinically reliable accu-
racy. Although not evaluated in this study, this method 
may be useful in performing revision THA that requires 
orientation.

In 2012, Peters reported an intra-operative angle 
measurement method using the accelerometer and 
camera function of the iPhone for improving the 

accuracy without using the navigation system [12]. In 
that method, inclination is measured using an applica-
tion that uses an accelerometer, whereas anteversion 
is measured using an application that displays a pro-
tractor with a camera function. This method does not 
consider the movement of the pelvis during surgery 
and assumes that the pelvic plane is always in the ideal 
position.

The alignment guide method, which is based on the 
floor plane and the longitudinal axis plane of the body, 
is susceptible to intra-operative pelvic movement [23]. 
Kanazawa reports that the pelvis tilts in each of the 
sagittal, axial, and coronal planes during surgery [24]. 
Compared with Peters’ method, our method can cor-
rect intra-operative pelvic movement with the help of 
the pelvic positioner.

Since the THA cup protractor is a simple digital angle 
measuring application, it cannot follow intra-operative 
pelvic movement like the navigation system. Therefore, 
when measuring the placement angle, it is necessary 
to confirm that the ASIS is in the center of the pelvic 
positioner fixture. If there is a deviation, it is necessary 
to return the positional relationship between ASIS and 
pelvic positioner to the state at the time of set-up.

Navigation systems generally require pins to be 
inserted into the pelvic to fix the navigation tracker. 
Therefore, it requires invasion of the patient and addi-
tional operative time. In comparison, our method uses 
the pelvic positioner as a reference plane; thereby 
making patient invasion unnecessary which is also an 
advantage of our method.

Table 3 Accuracy of imageless and CT-based navigation systems reported in the literature

Inclination (°)
Absolute value error

Anteversion (°)
Absolute value error

Type Navigation system

Kalteis
(30 hips)

3.0 ± 2.6 3.3 ± 2.3 CT-based The Vector Vision hip 3.0

Iwana
(117 hips)

1.8 ± 1.6 1.2 ± 1.1 CT-based Stryker CT-Hip System V1.0–29

Nakahara
(49 hips)

1.2 ± 1.3 1.0 ± 0.5 CT-based Stryker Navigation System2

Tetsunaga
(30 hips)

3.2 ± 2.4 3.0 ± 2.5 CT-based The Vector Vision Hip CT-
based version 3.5.2

Kalteis
(30 hips)

2.9 ± 2.2 4.2 ± 3.3 Image-free The Vector Vision hip 3.0

Ybinger
(37 hips)

3.5 ± 4.4 6.5 ± 7.3 Image-free The PiGalileo THR, Plus

Lass
(62 hips)

3.2 ± 2.4 6.5 ± 3.7 Image-free The Navitrack

Takeda
(118 hips)

3.6 ± 2.6 6.7 ± 3.6 Image-free The Orthopilot THA Pro

Current study
(30 hips)

2.4 ± 2.1 2.8 ± 2.6
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It has been reported that the surgical approach affects 
the cup placement accuracy. The minimally invasive 
surgery (MIS) approach has the disadvantage that ana-
tomical recognition is difficult because of the small field 
of view. Also, the cup placement accuracy is inferior 
because it is easily affected by intra-operative pelvic 
movement. Therefore, it is recommended that the navi-
gation system be used in this approach [25]. The modi-
fied Watson–Jones approach, which is a MIS approach, 
has the advantage of maintaining hip abduction muscle 
strength and posterior stability. However, there are many 
variations in the cup placement position, such as a sig-
nificantly larger inclination than the posterior approach 
[26]. In this study, there was no significant difference in 
the cup placement accuracy between the modified Wat-
son–Jones approach and the Dall approach. This result 
suggests that our method ensures high cup placement 
accuracy irrespective of the approach used.

This study has limitation. It was not randomised, how-
ever, the patients’ demographic factors were unlikely to 
have affected the results because the two groups were 
comparable in terms of gender, BMI, and underlying 
disease.

Conclusion
We developed an application named THA cup protractor 
and a pelvic positioner and used them to report the cup 
placement accuracy in patients who underwent cement-
less THA. Its accuracy is superior to that of the alignment 
guide method. Although there is room for improvement, 
it is excellent inconvenience and cost performance. It is 
considered a good system for consideration in non-nav-
igation THA.
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