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Background: An automated measurement system for the placement angles of acetabular cup in total hip
arthroplastyprostheseswasdevelopedutilizing artificial intelligence (AI) algorithms. TheAI-powered system
enables immediatemeasurementbycapturingananteroposteriorpelvicX-ray througha smartphonecamera.
Methods: While developing the AI-powered measurement system, we trained AI utilizing 100 labeled
anteroposterior pelvic X-rays to recognize the hip joint and 483 labeled anteroposterior pelvic X-rays to
identify anatomical landmarks and the acetabular cup. To validate the AI-powered system, we measured
the acetabular cup placement angles of 126 unlabeled post-total hip arthroplasty anteroposterior pelvic
X-rays with both the AI-powered system and conventional measurement methods and assessed the
correlation between the 2 methods.
Results: The Pearson’s correlation coefficients for the acetabular cup placement anglesmeasured using the
AI-powered system and conventional method were 0.88 (95% confidence interval, 0.84-0.92, P < .001) in
inclination angle and 0.76 (95% confidence interval, 0.67-0.83, P < .001) in anteversion angle, respectively.
Conclusions: Both inclination and anteversion angles measured using the AI-powered system showed a
strong correlation with angles obtained through conventional methods.
© 2024 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

The placement angles of the acetabular cup play a significant
role in determining the outcomes of total hip arthroplasty (THA)
[1]. Most commonly, inclination and anteversion angles of the
acetabular cup are measured using an anteroposterior pelvic X-ray
[2-4]. Since accurately measuring these angles through X-ray is
crucial for evaluating the surgery, there has been high anticipation
for the development of quick and precise measurement methods.

Rapid object detection has become achievable with artificial
intelligence (AI), and there is a rising trend in studies employing
this technology for detecting objects in X-ray images [5-7]. We have
created a system powered by AI that streamlines the measurement
of cup inclination and anteversion angles by capturing X-ray images
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using a smartphone camera (Fig. 1). Our system (Hip Scouter) can
be freely downloaded onto any smartphone, and there are no
maintenance costs. The objective of this study is to verify the hy-
pothesis that the measured values of the acetabular cup placement
angles obtained through our AI-powered system correlate with
those obtained through traditional measurement methods.
Material and methods

We performed this study following institutional review board
approval.
Development of the AI-powered measurement system for acetabular
cup placement angles

We developed a THA prosthesis recognition and measurement
system based on the You Only Look Once version 5 (YOLOv5) object
detector. YOLO is an AI algorithm designed for computer vision
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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Figure 1. AI-powered system for the immediate measurement of acetabular cup placement angles by capturing X-ray with a smartphone camera. (a) The inclination and ante-
version angles of the acetabular cup of THA are measured by capturing postoperative pelvic X-ray images using a smartphone camera. (b) Screenshot image of figure 1a.
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tasks [8]. Our AI-powered system can automatically measure the
placement angles of the acetabular cup by capturing a post-THA
anteroposterior pelvic X-ray through a smartphone camera.

As anteroposterior pelvic X-ray is used to measure the acetab-
ular cup placement angles [2-4], it is crucial for the AI-powered
measurement system to identify that the captured image corre-
sponds to an anteroposterior pelvic X-ray. To achieve this recog-
nition, we trained the system using 100 labeled anteroposterior
pelvic X-rays (Fig. 2), which were extracted from those of patients
attending the hip joint outpatient clinic. The anteroposterior pelvic
X-rays were centered over the superior margin of the pubic sym-
physis. The target for the central X-ray beamwas over the superior
margin of the pubic symphysis. These X-rays encompassed patients
who have and have not undergone THA and were taken in both
Figure 2. Supervised learning using labeled anteroposterior pelvic X-rays to teach AI
that the images depicted in X-rays are pelvic X-rays. The AI was trained to automati-
cally exclude parts other than the pelvis and crop only the pelvic region.
supine and standing positions. Additionally, X-rays from other sites,
like the lumbar spine and knee joints, were included as labeled data
during the training process for enhanced accuracy. The application
is designed to automatically crop only the hip joints, eliminating
extraneous details when the photo is recognized as an ante-
roposterior pelvic X-ray. In simpler terms, irrelevant information in
the photo, such as monitor icons or surrounding scenery, is auto-
matically removed (Fig. 1B).

Subsequently, our system underwent training to identify crucial
anatomical landmarks, utilizing 483 anteroposterior pelvic X-rays
with provided labels (Fig. 3). These X-rays encompassed hips with
various conditions, including healthy and arthritic hips, with and
without THA prostheses, and were captured in both supine and
standing positions. No adjustments weremade for pelvic tilt during
the pelvic X-rays, such as aligning the anterior pelvic plane of the
patient parallel to the X-ray cassette. These labels contained posi-
tional details of bilateral tear drops and the acetabular cup margin,
essential for determining acetabular cup placement angles.
Through recognizing the positions of the teardrops and the
acetabular cup's rim, our system autonomously computes inclina-
tion and anteversion angles. The calculation of placement angles
follows the way reported by Liaw et al. [4]

Validation of the AI-powered measurement system for acetabular
cup placement angles

To validate the effectiveness of our AI-powered measurement
system, we examined the correlation between placement angles
measured by our system and those determined by humans using
conventional measurement methods as the gold standard. We
measured 126 unlabeled post-THA pelvic X-rays taken with pa-
tients in supine position. All THAs were performed using a hemi-
spherical acetabular cup. Among the 126 patients, diagnoses for
THA were distributed as follows: 79 patients of secondary osteo-
arthritis resulting from developmental dysplasia of the hip (1 of
whom had a history of the rotational acetabular osteotomy), 29
patients of primary osteoarthritis, 7 patients of femoral neck frac-
tures, 6 patients of avascular necrosis of the femoral head, 4 pa-
tients of rapidly destructive coxarthrosis, and 1 patient of



Figure 3. Supervised learning using labeled anteroposterior pelvic X-rays to identify
anatomical landmarks and THA prosthesis. The AI was trained using X-rays labeled by
humans to automatically detect the essential landmarks necessary for measurement.
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rheumatoid arthritis. Twelve of the 126 patients had a THA pros-
thesis in the contralateral hip at the time of X-ray imaging.

Each pelvic X-ray was independently measured by 2 assessors
using both conventional measurement methods and those
measured using our AI-powered system. We used computer soft-
ware (Two-Dimensional Template; Kyocera) to measure inclination
and anteversion angles as traditional measurements [9]. First, we
anonymized patient names in the hospital's Picture Archiving and
Communication System and exported post-THA pelvic X-rays as
JPEG data on a CD-R. After transferring this data to a computer with
the measurement application, wemanually drew a teardrop line by
positioning the cursor on the bilateral teardrops on the computer
screen and adjusting an ellipse to the rim of the acetabular cup.
When utilizing our AI-powered system to measure acetabular cup
angles, we captured X-rays from the electronic medical record
screen using a smartphone camera (Fig. 1).
Figure 4. Correlation of inclination angles between the AI-powered measurement
system and conventional method. The Pearson’s correlation coefficient was 0.88 (95%
CI, 0.84-0.92, P < .001).
Statistical analysis

For validation of the AI-powered measurement system, we used
the Pearson’s correlation test to assess the correlations between the
acetabular cup placement angles measured using our automated
THA prosthesis measurement system and those measured using
conventional computer software. The Pearson’s correlation co-
efficients were interpreted as follows: <0.1, negligible correlation;
0.1-0.39, weak correlation; 0.4-0.69, moderate correlation; 0.7-
0.89, strong correlation; and >0.9, very strong correlation [10].
Additionally, we computed the absolute values of differences be-
tween the measurements obtained from the AI-powered system
and those from human assessment.

To test interobserver reliability, the intraclass correlation co-
efficients (ICCs) of postoperative measurements of the cup incli-
nation and anteversion angles using X-rays were calculated for 2
assessors. Furthermore, we evaluated the absolute values of the
differences between the measurements obtained by the 2
assessors.
All statistical analyses were performed with R software version
4.2.2. (The R Foundation for Statistical Computing, Vienna, Austria).

Results

The Pearson’s correlation coefficients for the acetabular cup
placement angles measured using conventional computer software
as the gold standard and the acetabular cup placement angles
measured using our AI-powered systemwere 0.88 (95% confidence
interval [CI], 0.84-0.92, P < .001) in inclination angle and 0.76 (95%
CI, 0.67-0.83, P < .001) in anteversion angle, respectively (Figs. 4
and 5). The mean absolute values of differences between AI-
powered system and human measurements were 1.5 ± 1.2 degree
(95% CI, 1.3-1.7) in inclination and 2.9 ± 1.8 degree (95% CI, 2.6-3.2)
in anteversion, respectively.

ICCs between the 2 assessors for measurement of acetabular cup
placement angles using our AI-powered system were 0.91 (95% CI,
0.88-0.94) in inclination and 0.82 (95% CI, 0.75-0.87) in anteversion,
respectively. The mean absolute values of differences between 2
assessors were 1.4 ± 1.0 degree (95% CI, 1.2-1.6) in inclination and
2.6 ± 1.9 degree (95% CI, 2.3-3.0) in anteversion, respectively.

Discussion

We have developed an AI-powered system that allows for the
immediate measurement of cup placement angles by capturing
postoperative X-ray images with a smartphone camera. Both
inclination and anteversion angles measured using our system
showed a strong correlation with angles obtained through con-
ventional methods (0.88 and 0.76, respectively).

The use of AI in healthcare is rapidly progressing, with
numerous studies reporting its application in THA [11]. AI-powered
systems in THA have frequently focused on predicting surgical
outcomes [12]. In recent years, there have been a growing number
of studies incorporating AI-based image recognition technology
into the field of THA [6,7]. The early reports of AI-based image
recognition technology in THAwere studies that used a mechanism
similar to accurately distinguishing between dogs and cats through



Figure 5. Correlation of anteversion angles between the AI-powered measurement
system and conventional method. The Pearson’s correlation coefficient was 0.76 (95%
CI, 0.67-0.83, P < .001).
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deep learning to identify the femoral stems employed in THA [6].
More recently, AI algorithms including YOLO can identify specific
regions, such as the dog's eye, in X-ray images by training on
distinctive features [7]. In this study, teardrops and the acetabular
cup are representative of such features. Through the application of
this technology, we have successfully developed a system that al-
lows measurements with just a smartphone camera. To the best of
our knowledge, this system is the first to enable the measurement
of cup placement angles solely through capturing an X-ray image
with a smartphone camera.

This study focused on the correlation of the measurement
values derived from our AI-powered system and those obtained
from human measurements. Hence, it is impossible to ascertain
whether human measurement or the AI-powered system is more
accurate due to the study design. Other AI-powered systems have
been developed to either correct pelvic tilt or discern whether the
acetabular cup is in anteversion or retroversion solely from ante-
roposterior pelvic X-rays [7]. These systems hold the potential to
offer more precise measurements than human assessment and to
replace the conventional method.

The anteversion angle exhibited a higher degree of discrepancy
compared to the inclination angle in both the Pearson’s correlation
coefficients between AI-powered system measurements and hu-
manmeasurements, as well as in the ICCs between 2 assessors. This
disparity may be associated with inherent challenges in measuring
anteversion. Inclination angle is measured by connecting distinct
points: the upper and lower edges of the cup. In contrast, ante-
version angle is calculated by fitting an ellipse to the rim of the
acetabulum. The shorter distances involved in the diameter of the
ellipse, particularly in the short axis, make it more susceptible to
errors.

We must note some limitations. First, this study was conducted
at the institution where the developer of the system has been
affiliated. However, the developer was not involved in the X-ray
measurements in this study. Nevertheless, for further validation, it
is advisable to include a larger number of assessors in the verifi-
cation process. Second, all THAs were performed using a hemi-
spherical acetabular cup. While the hemispherical shape has been
the most commonly used, our measurement results may not apply
to cups with different shapes.

Conclusions

The measured values of the acetabular cup placement angles
obtained through our AI-powered system showed a strong corre-
lation with those obtained through traditional measurement
methods.
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