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Abstract

Background: Most hip fractures occur among elderly people. They are usually treated in the emergency
room where orthopedic surgeons may not be readily available. The problem of delayed diagnosis and
treatment results increase risks of further complications and mortality rate. Thus, applying artificial
intelligence (Al) can assist physicians having limited experience to rapidly and confidently diagnose
hip fractures using radiographs.

Objective: This study aimed to validate Al programs to assist diagnosing of hip fractures on plain
radiographs.

Methods: This study employed a retrospective diagnostic study design. From 1 January 2015 to 31
December 2019, compiled ortho pelvis, anterior-posterior (AP) films from the diagnosis of hip fractures
at Ananthamahidol Hospital were performed. The performance of the Al program was compared with
one orthopedic surgeon who reviewed the same images. The accuracy, sensitivity and specificity of the
diagnosis of hip fractures between the orthopedic surgeon and Al program were analyzed.

Results: In total, 217 patients were enrolled in this study. Of these, 56 (28.5%) were male and 161
(74.2%) female. Areas of hip fractures were as follow: intertrochanteric (108, 49.8%), femoral neck
(102, 47.0%), subtrochanteric (6, 2.7%) and femoral head (1, 0.5%). The orthopedic surgeon and Al
program revealed an accuracy of 93.59% (95%CI 90.8-95.73) vs. 81.24% (95% CI 77.17-84.85),
sensitivity of 90.30% (95% CI 85.60-93.90) vs. 89.40% (95%CI 84.50-93.20) and specificity of 97.10%
(95%CI 93.60-98.90) vs. 72.5% (95%CI 65.90-78.50), respectively.

Conclusion: Our results showed that the Al model (VGG16) showed a sensitivity of 89.40% vs.
90.30% obtained from the orthopedic surgeon. Thus, improvement in the sensitivity and specificity of
Al software is further required. In the future, Al models have the potential as useful tools for emergent
screening and evaluation of patients with hip fractures using plain radiographs, especially in the
Emergency Department where orthopedic surgeons may not be readily available.
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Introduction

The incidence of hip fractures is expected to
increase due to rising elderly populations worldwide.
In 2000, approximately 1.6 million hip fractures
were reported ) which is expected to increase
to 4.5 to 6.3 million cases in 2050 according
to the International Osteoporosis Foundation.®
Hip fractures are a common problem impacting
socioeconomic status. The cumulative mortality
after one year of hip fractures among patients
occurs 20 to 40%.3-%19 Thus, the mortality rate
among patients with hip fractures greatly
increases to 28.7% compared with that in the
general population.® A systematic review of
229,851 patients with hip fractures from 36
countries from 2013 to 2017 revealed that mean
overall one year mortality after hip fractures was
22.0%.©® Risk factors that increased mortality
rate included higher American Society of
Anesthesiology (ASA) score. Odds ratio of 2.3
for every ASA point added, being male”, age
and type of hip fracture”’ were associated risk
factors. Intertrochanteric fracture had a higher
mortality rate than that of femoral neck fracture
(17.40% vs. 9.83%). One year mortality after hip
fractures among patients receiving nonoperative
treatment was more than those receiving operative
treatment.® Seung-Ju Kim, et al. also showed
that one year mortality after hip fractures among
patients receiving nonoperative treatment was
48.5% while among those receiving surgical
treatments was 19.9%.

The definition of delayed surgical treatment
ofhip fractures varied in several studies. The optimal
time for surgical treatment is 48 hours!'"'* starting
from admission to the time of operation. From
25 studies, 21% of patients undergoing surgery
after 48 hours died within one year, while one
year mortality of those undergoing operations
within 48 hours was less than 20%. Factors of
delayed surgical treatment included patients’
medical conditions, i.e., using an anticoagulant
drug, having unstable medical conditions etc.
The problem of diagnosing hip fractures,
especially that of occult hip fracture constituted
a number of both false positive and false
negative diagnoses found based on radiography
findings alone. Additionally, the experience of
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physicians working in the Emergency Department
proved very crucial. Poor sensitivity and specificity
of radiographs of the proximal femur and
pelvis among patients with pain or suspected
trauma around these structures were recorded.®
Dominquez et al. reported that 4.40% of patients
who were suspicious of hip fractures at the
Emergency Department received a subsequent
diagnosis as having fractures. The incidence of
occult hip fracture was 3 to 10%."% ') Magnetic
Resonance Imaging (MRI) and Computerized
Tomography Scan (CT) are useful tools to help
diagnose occult hip fractures. MRI, an investigation
of’choice to diagnose occult hip fractures, is highly
accurate with 100% sensitivity and specificity.
MRI can be helpful for patients to receive an
operation within the optimal time.**» CT scan *'-*
is also a second line of choice when results
obtained from MRI were contraindicated or
could not be obtained within 24 hours. However,
MRI and CT scans are costly and require more
time to prepare patients.

Artificial Intelligence (Al), a useful tool for
assisting the diagnosis of hip fractures using
plain radiographs can reduce delayed diagnosis
resulting in delayed surgical treatment when
orthopedic surgeons or radiologists may not
be available at the Emergency Department. At
present, in general hospitals, all radiographs
are recorded to digital files that can be analyzed
and interpreted wusing Picture Archiving
Communication Systems (PACS). Al is a field
of Computer Science that has a competence of
helping diagnosis close to human performances
especially deep learning and supervised learning
for training Al. The input data provided specific
results. After training the Al, it can predict results
from all input datasets. Al can prove and continue
to predict the results until obtaining the correct
results. Urakawa et al.?Y detected fractures
from radiographs using Convolutional Neural
Networks (CNNs). Visual Geometry Group
16 layer (VGG16) is CNN-selected to detect
intertrochanteric hip fractures compared with
the performance to detect intertrochanteric hip
fractures between VGG16 and orthopedic
surgeons. The accuracy of VGG16 and orthopedic
surgeons was 95.5% vs. 92.2%, sensitivity 93.3%
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vs. 88.3% and specificity 97.4% vs. 96.8%.
A similar study conducted by Cheng et al.®®
found that DCNN (Deep Convolutional Neural
Network) achieved an accuracy of 91% sensitivity
and 98% specificity. Recognition of hip fractures
using DCCN could be performed with less than
one hour of perceptual training.?®

Most hip fractures occur among elderly people.
They are usually brought to the Emergency
Department where orthopedic surgeons may
be unavailable at that time. To detect fractures
using radiographs or occult hip fractures,
the diagnostic problems of hip fractures could
result from inexperienced physicians leading to
delayed treatment, increasing both complications
and mortality rate. Application of Al to assist
young and inexperienced physicians to diagnose
hip fractures using plain radiographs could help
these physicians be confident with rapid diagnosis
of hip fractures decreasing adverse events at the
process of diagnosis.

Methods
Study population

The study was reviewed and approved by
the Institutional Review Board of the Medical
Department, Royal Thai Army (approval number
SO015h/63 EXP). A retrospective diagnostic
study design was conducted from 1 January 2015
to 31 December 2019. Patients, undergoing both
operative and nonoperative treatments, received
a diagnosis of hip fracture and were admitted at
Ananthamahidol Hospital.

The sample size was calculated from
the prevalence of 17% osteoporosis and the
sensitivity of Al to detect hip fractures conducted
by Urakawa et al.?¥ A total of 524 radiograph
images of hip fractures and nonhip fractures
were used in this study.

Definition

Hip fracture is a bone fracture from the edge
of the femoral head to 5 cm below the lesser
trochanter of the femur.
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Criteria

The inclusion criteria included patients
aged more than 50 years having a diagnosis of
osteoporosis or hip fractures from accidents, i.e.,
slipping, falling or vehicle accidents. The exclusion
criteria comprised patients having a diagnosis
of bone tumor, periprosthetic hip fractures,
nonfractured hip side without instruments, i.e.,
cement, screw, nail and prosthesis.

Compiled ortho pelvis and anterior-posterior
(AP) films from the diagnosis of hip fractures
were performed using 541 images which were
divided to 120 images for Al training procedures
and 421 images for test procedures. The performance
of the Al program was compared with one
orthopedic surgeon who reviewed the same images.
The accuracy, sensitivity and specificity of the
diagnosis of hip fractures between the orthopedic
surgeon and Al program were analyzed.

Radiographs using deep learning techniques.
the Al model comprised the VGG16, which is
a public model and was used in this study. The
VGG model was created in 2014 for which
the model VGG16 has advantages of a design
architecture with conv2D 3x3 pixels, 1 stride
same padding and max pooling 2x2 pixels, 2
strides and hyperparameter. The VGG16 has 16
layers with a large network and hyperparameters
encompassing about 138 million units.

Procedure
Preprocessing images

The 120 ortho pelvis radiograph images
were provided for training procedures while 421
images were used for test procedures. Images
were taken from digital film photographs and
input to Picture Archiving Communication
Systems (PACS) and all image data were recorded
in the Digital Imaging and Communications in
Medicine (DICOM). The DICOM was changed
to JPG and adjusted by histogram equalization
to brighten adjustment, reduce noise, and rotate
and crop images as shown in Figure 1.
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Pre-processing

DICOM Format

Figure 1. Preprocessing image

- Histogram Equalization
- Noise Reduction

JPG Format

Dataset 120 images
(60 normal images and 60 fracture images)

Convert DICOM format to JPG format

4

Preprocessing using histogram equalization,
noise reduction and crop images

Training with the dataset (VGG16)

Figure 2. Training procedures

Training Procedures

Images for training using the VGG16 were
classified in two groups: nonhip fracture and hip
fracture. The size of each image was 200x200
pixels, then the images were input to the Image
Data Generator by keras preprocessing that was
used in the preprocessing process. The Image
Data Generator adjusted the size, rotation and
zoom of the images before training procedures.
CPU Intel Core i5 Generation 11 and GPU
NVIDIA RTX3060 were used for the training
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procedures involving VGG16 use 50 times as
shown in Figure 2.

Test Procedures

The 421 Ortho Pelvis radiograph images were
changed from DICOM to JPEG and adjusted
using histogram equalization to reduce noise,
rotate and crop images, then the preprocessing
was repeated using the Image Data Generator I
of VGG16. This process took less than 2 minutes
to analyze the data of 421 images (Figure 3).
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Dataset for testing (421 images)

y
Convert DICOM format to JPG format

Preprocessing using histogram equalization, noise
reduction and crop images

v

Testing the data

Figure 3. Training procedures

Table 1. Demographic data of enrolled patients

number %

Sex

Male 56 25.8

Female 161 74.2
Age
Mean+ SD 76.89+10.6
Median (min-max) 80 (50-93)
Sideding
Left 116 53.5
Right 101 46.5
Area
Intertrochanteric fracture 108 49.8
Neck of femur fracture 102 47.0
Subtrochanteric fracture 6 2.7
Femeral head fracture 1 0.5

Table 2. Analysis of interpreted radiographics by Al

Gold Standard Positive Negative Total
Abnormal 194 23 217
Normal 56 148 204
Total 250 171 421

95%CI
Sensitivity (%) 89.40 84.50 93.20
Specificity(%) 72.50 65.90 78.50
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Table 2. (Continued)

Gold Standard Positive Negative Total
Positive Predictive Value (%) 77.60 71.90 82.60
Negative Predictive Value (%) 86.50 80.50 91.30
Accuracy (%) 81.24 77.17 84.85
Table 3. Analysis of interpreted radiographics by the orthopedic surgeon
Gold standard Positive Negative Total
Abnormal 196 21 217
Normal 6 198 204
Total 202 219 421
95%Cl
Sensitivity (%) 90.30 85.60 93.90
Specificity(%) 97.10 93.70 98.90
Positive Predictive Value (%) 97.00 93.60 98.90
Negative Predictive Value (%) 90.40 85.70 94.00
Accuracy (%) 93.59 90.80 95.73
Results clearance, noise and size of images. In this study,

In total, 217 patients were enrolled in this
study. Of these, 56 (28.5%) were male and 161
(74.2%) female. Areas of hip fractures were as
follow: intertrochanteric (108, 49.8%), femoral
neck (102, 47.0%), subtrochanteric (6, 2.7%)
and femoral head (1, 0.5%) as shown in Table 1.
The orthopedic surgeon and Al program revealed
accuracy 0f93.59% (95%CI1 90.8-95.73) vs. 81.24%
(95% CI 77.17-84.85), sensitivity of 90.30%
(95% CI 85.60-93.90) vs. 89.40% (95%CI
84.50-93.20), and specificity of 97.10% (95%CI
93.60-98.90) vs. 72.5% (95%CI 65.90-78.50),
respectively (Tables 2 and 3).

Discussion

The Al model (VGG16) used in this study
revealed an accuracy of 81.24% which was less
than that reported by Takaaki et al. (95.5%).¢%
However, the accuracy of the orthopedic surgeon
was similar between the two studies (93.59% vs.
92.22%). The difference resulted from the quality
of images such as shooting distances, brightness,
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among 217 images of hip fractures, 21 (9.7%)
were occult hip fractures of which the incidence
of the occult hip fracture was 3 to10 %% 1: this
could confound the accuracy of Al. The accuracy
of Al used in this study could not detect the occult
hip fracture to the same degree as those of the
orthopedic surgeon. Preprocessing of images is
an important procedure resulting in the accuracy
of Al In addition, the number of images, which
were used for training Al procedures could
have affected the accuracy of Al In this study,
120 images (60 images of hip and 60 images
of nonhip fractures) were used for the step of
training procedures. Other related studies ¢+ 29
could provide more images for this step than our
study. Takaaki et al. ®» used 2,678 images for
training procedures of Al images (1,408 images
of hip and 1,270 images of nonhip fractures)
while Cheng et al. @ used 3,605 images for
training procedures of Al images (1,975 images
of hip and 1,630 images of nonhip fractures).
Additionally, the area of hip fractures used in
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the study of Takaaki et al. was specific at the
intertrochanteric area of the femur while those in
the study of Cheng et al. was specific at the neck
and intertrochanteric area of the femur. Compared
with our study, the areas of hip fractures starting
from the head to the subtrochanteric area of the
femur were used covering larger areas than those
of related studies. Different areas had varieties of
bone architectures and artifacts that reduced the
accuracy of Al. Thus, one advantage of our study
was being able to detect overall areas of the hip
fractures.

The competence of Al for detecting hip
fractures using plain radiographs was reliable as
a screening tool to diagnose hip fracture because
the sensitivity did not significantly differ from
the performance of the orthopedic surgeon,
89.40% (95%CI= 84.50-93.20) vs. 90.30% (95%
CI =85.60-93.90), respectively. Further studies
to develop the competence of Al are required
using more images for the Al training step as
well as improving qualities of images in the pre-
processing image. In the future, multihospital
assessment of hip fractures would also be
required to validate the developed Al model.

Conclusion

Our results showed that the Al model (VGG16)
showed a sensitivity of 89.40% vs. 90.30%
obtained from the orthopedic surgeon. However,
improvement in the accuracy of Al software, both
sensitivity and specificity, is further required.
In the future, AI models have the potential
to be a useful tool for emergent screening and
evaluation of patients with hip fractures using
plain radiographs, especially in the Emergency
Department where orthopedic surgeons may not
be readily available.
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