Clinical Cases

Baishideng Publishing Group Inc



g é) World Journal of
Clinical Cases

Contents Thrice Monthly Volume 11 Number 7 March 6, 2023

OPINION REVIEW

1434  Reconstruction surgery in head and neck cancer patients amidst the COVID-19 pandemic: Current practice
and lessons for the future

Lizambri D, Giacalone A, Shah PA, Tovani-Palone MR

REVIEW
1442  Risk factors and digital interventions for anxiety disorders in college students: Stakeholder perspectives

Liu XQ, Guo YX, Xu Y

MINIREVIEWS

1458  Immune-related adverse events induced by programmed death protein-1 inhibitors from the perspective
of lymphoma immunotherapy

Hou YZ, Zhang Q, Bai H, Wu T, Chen YJ

ORIGINAL ARTICLE

Clinical and Translational Research

1467  Analysis of differentially expressed genes related to cerebral ischaemia in young rats based on the Gene
Expression Omnibus database

Xia Y, Liu H, Zhu R

Retrospective Study

1477  Deep learning-assisted diagnosis of femoral trochlear dysplasia based on magnetic resonance imaging
measurements

Xu SM, Dong D, Li W, Bai T, Zhu MZ, Gu GS

1488 Facial basal cell carcinoma: A retrospective study of 67 cases

Khalil AA, Enezei HH, Aldelaimi TN, Al-Ani RM

CASE REPORT

1498  Successful multidisciplinary therapy for a patient with liver metastasis from ascending colon
adenocarcinoma: A case report and review of literature

Tan XR, Li J, Chen HW, Luo W, Jiang N, Wang ZB, Wang S

1506  Accessory renal arteries - a source of hypertension: A case report

Calinoiu A, Guluta EC, Rusu A, Minca A, Minca D, Tomescu L, Gheorghita V, Minca DG, Negreanu L

1513  Synchronous multiple primary malignant neoplasms in breast, kidney, and bilateral thyroid: A case report

Jia MM, Yang B, Ding C, Yao YR, Guo J, Yang HB

WJCC | https://www.wjgnet.com I March 6,2023 | Volumel1l | Issue7 |

Jaishideng®



Jaishideng®

World Journal of Clinical Cases
Contents
Thrice Monthly Volume 11 Number 7 March 6, 2023
1521  Invasive breast carcinoma with osteoclast-like stromal giant cells: A case report
Wang YJ, Huang CP, Hong ZJ, Liao GS, Yu JC
1528  Retroperitoneal and abdominal bleeding in anticoagulated COVID-19 hospitalized patients: Case series
and brief literature review
Evrev D, Sekulovski M, Gulinac M, Dobrev H, Velikova T, Hadjidekov G
1549  Hyperthyroidism and severe bradycardia: Report of three cases and review of the literature
He YL, Xu WX, Fang TY, Zeng M
1560  Isolated cerebral mucormycosis that looks like stroke and brain abscess: A case report and review of the
literature
Chen CH, Chen JN, Du HG, Guo DL
1569  Gastric ectopic pancreas combined with synchronous multiple early gastric cancer: A rare case report
Zhao ZY, Lai YX, Xu P
1576  Manifestation of the malignant progression of glioma following initial intracerebral hemorrhage: A case
report
Xu EX, Lu SY, Chen B, Ma XD, Sun EY
1586  Four kinds of antibody positive paraneoplastic limbic encephalitis: A rare case report
Huang P, Xu M
1593  Spontaneous fracture of a titanium mesh cranioplasty implant in a child: A case report
Zhang R, Gao Z, Zhu YJ, Wang XF, Wang G, He JP
1600  Rheumatic valvular heart disease treated with traditional Chinese medicine: A case report
Chen WH, Tan Y, Wang YL, Wang X, Liu ZH
1607  Mucosa-associated lymphoid tissue lymphoma of the trachea treated with radiotherapy: A case report
Zhen CJ, Zhang P, Bai WW, Song YZ, Liang JL, Qiao XY, Zhou ZG
1615 Bow-and-arrow sign on point-of-care ultrasound for diagnosis of pacemaker lead-induced heart
perforation: A case report and literature review
Chen N, Miao GX, Peng LQ, Li YH, Gu J, He Y, Chen T, Fu XY, Xing ZX
1627  Prostate lymphoma with renal obstruction; reflections on diagnosis and treatment: Two case reports
Chen TF, Lin WL, Liu WY, Gu CM
1634  Pulmonary nocardiosis with bloodstream infection diagnosed by metagenomic next-generation
sequencing in a kidney transplant recipient: A case report
Deng ZF, Tang YJ, Yan CY, Qin ZQ, Yu N, Zhong XB
1642  Primary yolk sac tumor in the abdominal wall in a 20-year-old woman: A case report
Wang Y, Yang J
WJCC | https://www.wjgnet.com I March 6,2023 | Volumel1l | Issue7



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 11 Number 7 March 6, 2023

1650  Misdiagnosis of food-borne foreign bodies outside of the digestive tract on magnetic resonance imaging:
Two case reports

Ji D, Lu JD, Zhang ZG, Mao XP

1656  IgG4-related kidney disease complicated with retroperitoneal fibrosis: A case report

He PH, Liu LC, Zhou XF, Xu JJ, Hong WH, Wang LC, Liu SJ, Zeng JH

LETTER TO THE EDITOR
1666  Commentary on a case report and literature review of acute carotid stent thrombosis

Willman M, Lucke-Wold B

Guisnidenge WICC | https://www.wjgnet.com 111 March 6,2023 | Volumell | Issue7 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 11 Number 7 March 6, 2023

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Baharudin Ibrahim, BPharm, PhD, Associate Professor,
Pharmacist, Department of Clinical Pharmacy and Pharmacy Practice, Faculty of Pharmacy, Universiti Malaya,
Kuala Lumpur 50603, Malaysia. baharudin.ibrahim@um.edu.my

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World | Clin Cases) is to provide scholars and readers from
various fields of clinical medicine with a platform to publish high-quality clinical research articles and
communicate their research findings online.

WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Journal Citation Reports/Science Edition, Current Contents®/Clinical Medicine, PubMed, PubMed Central,
Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology
Journal Database, and Superstar Journals Database. The 2022 Edition of Journal Citation Reports® cites the 2021
impact factor (IF) for WJCC as 1.534; IF without journal self cites: 1.491; 5-year IF: 1.599; Journal Citation Indicator:
0.28; Ranking: 135 among 172 journals in medicine, general and internal; and Quartile category: Q4. The WJCC's

CiteScore for 2021 is 1.2 and Scopus CiteScore rank 2021: General Medicine is 443/826.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: S7 Zhao; Production Department Director: Xiang 1.i; Editorial Office Director: [in-Lei Wang.

NAME OF JOURNAL
World Journal of Clinical Cases

ISSN
ISSN 2307-8960 (online)

LAUNCH DATE
April 16,2013

FREQUENCY
Thrice Monthly

EDITORS-IN-CHIEF

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja
Hyeon Ku

EDITORIAL BOARD MEMBERS

https:/ /www.wjgnet.com/2307-8960/editorialboard.htm

PUBLICATION DATE
March 6, 2023

COPYRIGHT
© 2023 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS

https:/ /www.wijgnet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS

https:/ /www.wjgnet.com/bpg/Gerlnfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
https:/ /www.wijgnet.com/bpg/gerinfo/240

PUBLICATION ETHICS

https:/ /www.wjgnet.com/bpg/Gerlnfo/288

PUBLICATION MISCONDUCT

https:/ /www.wignet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/bpg/getinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS

https:/ /www.wijgnet.com/bpg/Gerlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

JBaishideng®

WJCC | https://www.wjgnet.com IX

March 6,2023 | Volume11l |

Issue 7


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wijcc.v11.i7.1477

World Journal of
Clinical Cases

World | Clin Cases 2023 March 6; 11(7): 1477-1487

ISSN 2307-8960 (online)

Retrospective Study

ORIGINAL ARTICLE

Deep learning-assisted diagnosis of femoral trochlear dysplasia
based on magnetic resonance imaging measurements

Sheng-Ming Xu, Dong Dong, Wei Li, Tian Bai, Ming-Zhu Zhu, Gui-Shan Gu

Specialty type: Medicine, research
and experimental

Provenance and peer review:
Unsolicited article; Externally peer

reviewed.
Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B, B
Grade C (Good): C, C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Mijwil MM, Irag;
Mohey NM, Egypt

Received: November 27, 2022
Peer-review started: November 27,
2022

First decision: January 19, 2023
Revised: January 27, 2023
Accepted: February 13, 2023
Article in press: February 13, 2023
Published online: March 6, 2023

Jaishideng®

WJCC | https://www.wjgnet.com

Sheng-Ming Xu, Wei Li, Gui-Shan Gu, Department of Orthopedic Surgery, The First Hospital of
Jilin University, Changchun 130000, Jilin Province, China

Dong Dong, Department of Radiology, The First Hospital of Jilin University, Changchun
130000, Jilin Province, China

Tian Bai, Ming-Zhu Zhu, College of Computer Science and Technology, Jilin University,
Changchun 130000, Jilin Province, China

Corresponding author: Gui-Shan Gu, MD, Professor, Department of Orthopedic Surgery, The
First Hospital of Jilin University, No. 71 Xinmin Street, Changchun 130000, Jilin Province,
China. gugs@jlu.edu.cn

Abstract

BACKGROUND

Femoral trochlear dysplasia (FTD) is an important risk factor for patellar
instability. Dejour classification is widely used at present and relies on standard
lateral X-rays, which are not common in clinical work. Therefore, magnetic
resonance imaging (MRI) has become the first choice for the diagnosis of FTD.
However, manually measuring is tedious, time-consuming, and easily produces
great variability.

AIM
To use artificial intelligence (Al) to assist diagnosing FTD on MRI images and to
evaluate its reliability.

METHODS

We searched 464 knee MRI cases between January 2019 and December 2020,
including FTD (n = 202) and normal trochlea (n = 252). This paper adopts the
heatmap regression method to detect the key points network. For the final
evaluation, several metrics (accuracy, sensitivity, specificity, etc.) were calculated.

RESULTS

The accuracy, sensitivity, specificity, positive predictive value and negative
predictive value of the Al model ranged from 0.74-0.96. All values were superior
to junior doctors and intermediate doctors, similar to senior doctors. However,
diagnostic time was much lower than that of junior doctors and intermediate
doctors.
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CONCLUSION
The diagnosis of FTD on knee MRI can be aided by AI and can be achieved with a high level of
accuracy.

Key Words: Femoral trochlear dysplasia; Deep learning; Artificial intelligence; Magnetic resonance imaging;
Diagnosis
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Core Tip: Femoral trochlear dysplasia is an important risk factor for patellar instability. Magnetic
resonance imaging has become the preferred method for evaluating femoral trochlear dysplasia. However,
manually measuring femoral trochlea parameters on magnetic resonance imaging is tedious, time-
consuming, and easily produces great variability. In this work, we propose an assisted diagnosis algorithm
framework based on deep learning technology, which can quickly and accurately distinguish whether there
is trochlear dysplasia in the femur. All values (The accuracy, sensitivity, specificity, etc.) were superior to
junior doctors and intermediate doctors, similar to senior doctors. Our model is beneficial to both
orthopedic surgeons and radiologists, especially, the young front-line clinicians with less experience.

Citation: Xu SM, Dong D, Li W, Bai T, Zhu MZ, Gu GS. Deep learning-assisted diagnosis of femoral trochlear
dysplasia based on magnetic resonance imaging measurements. World J Clin Cases 2023; 11(7): 1477-1487

URL: https://www.wjgnet.com/2307-8960/full/v11/i7/1477 htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i7.1477

INTRODUCTION

Femoral trochlear dysplasia (FTD) was first proposed by Swedish professor Brattstrom in 1964[1]. It is
an important risk factor for patellar instability[2]. It is defined as a shallow, flat or raised trochlear
groove, with an incidence of 96% in patients with recurrent patellar instability[3,4]. Different degrees of
FTD are treated differently. Dejour classification is widely used at present and relies on the morpho-
logical features of standard lateral X-rays of the knee to describe the increasing disease severity (type A-
D)[5]. However, it is subjectively dependent on doctors and has the disadvantages of poor sensitivity
and specificity, which may lead to the neglect of FTD and the formation of an incorrect treatment plan
for patients.

Paiva et al[6] reviewed all the literature related to FTD measurement, including X-ray computed
tomography (CT) and magnetic resonance imaging (MRI) examination, and summarized 33 FTD
evaluation methods. However, compared with X-ray and CT, MRI has the advantage of protruding
articular cartilage, so MRI has become the preferred method for evaluating femoral trochlear dysplasia
[7]. Specifically, the measurement of femoral trochlear groove depth, lateral trochlear inclination and
trochlear facet asymmetry by MRI is particularly good in distinguishing normal and dysplastic femur
trochlea[6-11]. However, tedious and repeated measurement is essential to using these qualitative and
quantitative parameters to diagnose FID, and it easily produces considerable differences in intragroup
consistency and intergroup consistency. For surgeons and radiology doctors, especially resident
physicians with less experience, it not only increases the working hours and burden but also increases
the occurrence of misdiagnosis.

Artificial intelligence (AI) has become more and more popular in medical research, because it can not
only quickly and accurately assist the diagnosis of diseases, such as cancer, but also participate in the
robot surgery system to accurately treat diseases, which has made a great contribution to the
development of health care system[12,13]. Recently, the use of deep learning methods in medical
imaging has aroused much interest[14,15]. Chung et al[16] assessed the ability of artificial intelligence to
detect and classify proximal humeral fractures using ordinary shoulder radiographs. Their results show
that convolutional neural networks (CNNs) outperforms general physicians and orthopaedists. Pranata
et al[17] used a deep learning algorithm to automatically classify and detect fracture locations in CT of
the calcaneus. Urakawa et al[18] trained a convolutional neural network to compare its performance
with orthopaedists in diagnosing intertrochanteric fractures. Cheng et al[19] localized and detected hip
fractures on pelvic X-rays by using a deep convolutional neural network (DCNN). The feasibility and
effectiveness of deep neural networks for hip fracture screening were confirmed. Lindsey et al[20]
developed a deep neural network to assist emergency physicians in detecting and locating fractures in
X-ray photographs. These findings show that senior medical experts can share their expertise with
young doctors at the forefront of medicine through deep learning networks.
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In addition to X-rays, deep learning and appropriate construction models can also efficiently identify
MRI images, and their role in assisting in diagnosis is obvious. Zhou ef al[21] used a combination of
CNN and 3D deformation modelling to perform fast and accurate comprehensive knee joint tissue
segmentation. Liu et al[22] developed a deep learning-based fully automatic cartilage damage detection
system using segmentation and classification CNNs. Fritz et al[23] compared the accuracy of a fully
automatic DCNN with radiologists in identifying medial and lateral meniscus tears in MRI. The results
showed that meniscus tear detection based on DCNN can be performed fully automatically with similar
specificity. Shin et al[24]'s study showed that the CNN model can be used to diagnose the presence of
meniscal tears and distinguish the types of meniscus tears. Tang et al[25] also proposed a fully automatic
CNN-based knee segmentation system for the rapid and accurate evaluation of knee images.

All these developments suggest that artificial intelligence seems to be a breakthrough in solving the
problem of femoral trochlea diagnosis. We propose an artificial intelligence system to label and detect
the key points of knee MRI to assist in the diagnosis of femoral trochlear dysplasia. Our assumption is
that the deep learning method will provide diagnostic performance similar to that of clinical radiologists
and achieve higher intraobserver consistency to detect FTD.

MATERIALS AND METHODS

Description of the dataset

We collected 202 cases of femoral trochlear dysplasia examined in the First Hospital of Jilin University
from January 2019 to August 2022. The inclusion criteria were that there was at least one history of
patellar dislocation and the MRI suggested the presence of trochlear dysplasia. The exclusion criteria
were as follows: osteoarthritis, rheumatoid arthritis, ipsilateral knee surgery history and MRI with
image quality problems. Additionally, according to the above inclusion and exclusion criteria, 252
patients with other knee joint problems, such as mild soft tissue injury or joint effusion, were selected
for the same period of knee MRI. Sex and age were matched with the trochlear dysplasia group. The
diagnosis of trochlear dysplasia was made by senior radiologists and senior surgeons with more than 10
years of working experience, and all differences were resolved before training and testing, as confirmed
by MRI images. Finally, 464 cases of knee MRI were selected, including femoral trochlea dysplasia (n =
202) and normal trochlea (1 = 252), 263 of whom were female and 201 of whom were male. The MRI
images used in this study were 1.5T and were obtained from a Siemens digital radiography facility.
Then, after preprocessing, the image dataset was randomly divided into a training set, validation set
and test set. Ethical approval was provided by the Medical Ethics Committee.

Data preparation

The sample was marked by three doctors, including a senior surgeon, an intermediate surgeon and a
junior surgeon. Trochlear depth and asymmetry of the facet length were measured 3 cm above the
femorotibial joint space, and lateral trochlear inclination was measured on the first craniocaudal image
that depicted the complete cartilaginous trochlea[10,11]. All the samples in the training set and the
validation set were marked by senior surgeons, and two surgeons marked and judged the samples in
the test set (Figure 1).

Training the deep CNN and framework

In the current diagnosis process, doctors need to manually mark the anatomical key points of the MRII
to measure the anatomical parameters and complete femoral trochlear dysplasia diagnosis through
measurement results. However, the manual annotation process is time-consuming, and the diagnosis
consistency varies. Therefore, a key point detection method is proposed in this paper to realize the
automatic diagnosis of diseases.

Since different key points have different feature information, to achieve accurate automatic
positioning of key points, this paper adopts the heatmap regression method to detect the key points
network. During training, the numerical coordinate labels are first converted into labels in the form of
heatmaps according to a Gaussian distribution function. In the heatmap label, the pixel value closer to
the key point is closer to 1. The model can fully learn the regional information between different key
points by using the label in the form of a heatmap. The key point detection method using heatmap
regression can be regarded as a pixel-level regression task. Therefore, a U-shaped network structure is
designed in this paper to learn the mapping between the input MRII and the heatmap. The whole
network is divided into two structures: encoder and decoder. The encoder is composed of five network
layers through continuous convolution and downsampling operations.

The feature map channel size of each layer is continuously increased from 64 to 1024, and two
cascaded 3 x 3 convolutions are included in each layer. Each convolutional model is composed of a 3 x 3
convolution, batch normalization and the LeakyReLU activation function. The down sampling
operation between different layers uses the maximum pooling method to retain the features learned by
the previous layer. The decoder is also composed of a five-layer network.
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Figure 1 Sample labeling base on axial magnetic resonance imaging. Trochlear depth was calculated according to the formula [a + b] + 2 - ¢;
asymmetry of the facet length was expressed as [g + f] x 100%; lateral trochlear inclination is the angle between f and e.
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However, in the encoder, the feature map learned by the encoder is restored to the original input
scale by using an up sampling operation. In the up sampling process, the learned feature maps of the
encoder and the decoder are spliced in the direction along the channel by means of skip cascading. The
reason for this approach is that the low-level features of the image, such as the line, texture, and shape
of the femur, are usually learned in the first few layers of the encoder. As the network continues to
deepen, the network learns more abstract high-level features, such as anatomical information in femoral
images. A more accurate heatmap is predicted by fusing low-level features with high-level features
using a skip cascade. In a convolutional neural network, convolution usually learns the local feature
information. Therefore, the model needs to focus on the global context information in the image to learn
the discriminative information around the key points. This paper introduces a nonlocal neural network
designed based on the attention mechanism of the previous structure and captures the global contextual
information in the image through this structure. Since a nonlocal network usually requires large
computational complexity, it is placed between the encoder and decoder. Because the feature map
learned in the last layer of the encoder has the smallest scale, learning high-level features is enhanced by
the model. In the last layer of the entire network, the final heatmap is calculated using 1x1 convolutions.
The number of channels in the heatmap is consistent with the number of key points. By obtaining the
position of the extreme value of the heatmap on each channel, the final key point coordinates are
obtained.

During training, the sigma size of the heatmap is set to 3. The loss function adopts the squared error
loss function and uses Adam as the optimizer for training. The total number of iterations for training is
25000, while the initial learning rate is set to 0.001 and the batch size is set to 4. The model is trained in
the training set, and the model with the smallest error in the validation set is selected as the final test
model (Figure 2).

Image processing

Because of the brightness difference in the collected patient images, histogram equalization is used to
process the image brightness. Additionally, to prevent overfitting in the training process, the image is
enhanced by SimplelTK, which includes random flipping, random scaling and random rotation. All
images are sampled to 256 x 256 pixels. The pixel space size of the image in the dataset is distributed
between 0.546 mm/ pixels and 0.625 mm/ pixels.

Statistical analysis:
SPSS 26.0 was used for all statistical analyses. Frequency and percentage were used to describe
categorical variables, mean and standard deviation were used to describe continuous variables
conforming to a normal distribution, and median and quartile were used to describe continuous
variables not conforming to a normal distribution. Differences between groups were compared using
the f test, Mann-Whitney U test, or chi-square test.

Using the paired sample T test, one-way ANOVA or Kendall's IV test to compare the measurement
results, time spent and measurement errors between the Al model and clinicians, P < 0.05 was
considered to be statistically significant.
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The sensitivity, specificity, positive predictive value, negative predictive value and accuracy of the Al
model, junior doctors and intermediate doctors” diagnoses of abnormal trochlea were calculated. The
area under the ROC curve (AUC) was calculated to compare the diagnostic efficacy of the Al model,
junior doctors and intermediate doctors for abnormal trochlea. Additionally, the intraclass correlation
coefficient (ICC) was calculated using the two-way mixed effects model to compare the absolute
consistency of the diagnostic values of abnormal trochlea calculated by the Al model, junior doctors and
intermediate doctors with those of senior doctors.

The kappa consistency test was used to compare the diagnostic consistency of the Al model, junior
doctors, and intermediate doctors with that of senior doctors and the test-retest reliability of the Al
model, junior doctors, and intermediate doctors after 2 wk.

RESULTS

General information

The age and sex of the participants were collected. Participants ranged in age from 16 to 68 years old. As
shown in Table 1, there were 370 people in the training set, with a median age of 39 years, and 217
women (58.6%); there were 94 people in the test set, with a median age of 38.2 years, and 46 women
(48.9%). There was no statistically significant difference in age or sex between the participants in the
training set and the test set (P = 0.646, P = 0.090).

Diagnostic efficiency and accuracy

As shown in Table 2, the average time for the Al model to make a diagnosis through two levels of MRI
images was only 0.14 s, which was significantly shorter than that of intermediate doctors and junior
doctors. Compared with senior doctors, junior doctors, intermediate doctors and Al models had statist-
ically significant differences in the measurement errors of the three parameters.

Al model diagnosis effect

As shown in Table 3, taking the diagnosis results of senior doctors as a reference, the sensitivity,
specificity, positive predictive value and negative predictive value of the Al model ranged from 0.74-
0.96. The accuracy of the Al model was 0.88, and the AUC was 0.88. The ability of the Al model to
distinguish abnormal trochlea at all MRI levels was higher than that of intermediate doctors and junior
doctors. In the diagnosis of abnormal trochlea, the kappa value of the AI model was 0.76, which was
highly consistent with that of senior doctors. It was better than that of intermediate doctors (0.60) and
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Table 1 General information of the participants

Obvervational index Training set (n = 370) Test set (n = 94) P value
Age (yr) 39 [28.8-50.0] 38.2 [27-48] 0.646"
Female (1, %) 217 (58.6) 46 (48.9) 0.090%

IMann-Whitney U test.
2Chi-square test.

Table 2 Comparison of diagnosis time and error of the artificial intelligence model, junior doctors and intermediate doctors

Obvervational index Junior doctor Intermediate doctor Artificial intelligence model P value
Diagnosis time (seconds) 102.97 +21.26 86.64 +12.14 0.14+0.11 <0.001"
Error of Trochlear depth (mm) 0.54 [0.23-1.00] 0.54 [0.14-0.99] 0.32 [0.11-0.54] <0.001°
Error of asymmetry of the facet length 0.09 [0.54-0.17] 0.07 [0.03-0.16] 0.05 [0.03-0.13] 0.006”
Error of lateral trochlear inclination (°) 1.77 [0.85-2.79] 1.71 [0.90-3.02] 0.90 [0.42-1.84] 0.003”

10ne-way ANOVA.
2Kendall's W test.

Table 3 Diagnostic effect of junior doctors, intermediate doctors and artificial intelligence models

Group Sensitivity Specificity Positive predictive value  Negative predictive value  Accuracy AUC Kappa
Junior doctor 0.65 0.92 0.86 0.76 0.80 079 058
Intermediate doctor 0.63 0.96 0.93 0.75 0.81 0.79  0.60
Artificial intelligence model ~ 0.79 0.96 0.94 0.84 0.88 088 0.76

AUC: Area under curve.

junior doctors (0.58), which had a moderate degree of consistency compared with senior doctors.

As shown in Table 4, comparing the measurement results of the diagnostic parameters between the
Al model and the senior doctor, the paired sample t test results showed that there was no significant
difference in the lateral trochlear inclination and the depth of the trochlear groove (P = 0.424), but there
was a significant difference in the facet ratio of medial to lateral (P = 0.024).

As shown in Table 5, the measurement results of the junior doctor, intermediate doctor and Al
models on diagnostic parameters were compared. The results showed that the measurements of the
trochlear groove depth and lateral trochlear inclination of the Al model were in good agreement with
those of senior doctors (ICC = 0.91, 95%ClI: 0.86-0.94, P < 0.001, ICC = 0.91 95%CI: 0.87-0.94, P < 0.001),
while the measurement of the facet ratio of medial to lateral was generally consistent with that of senior
doctors (ICC = 0.71, 95%CI: 0.59-0.80, P < 0.001). The measurement of the facet ratio of medial to lateral
between junior doctors and intermediate doctors was less consistent with that of senior doctors (ICC =
0.57, 95%CI: 0.32-0.73, P < 0.001; ICC = 0.41 95%CTI: 0.16-0.60, P < 0.001). The measurement results of the
three parameters of the Al model were better than those of junior and intermediate doctors.

Retest reliability

As shown in Table 6, the diagnosis of abnormal trochlea by the AI model was consistent at all MRI
levels, showing very high test-retest reliability. For intermediate doctors and junior doctors, the
diagnosis had a high consistency, and the kappa value ranged from 0.76 to 0.78.

As shown in Table 7, the measurement results of the Al model for the three parameters were
completely consistent (ICC = 1.00, 95%CI: 1.00 to 1.00, P < 0.001; ICC = 1.00, 95%ClI: 1.00 to 1.00, P <
0.001; ICC =1.00, 95%CI: 1.00 to 1.00, P < 0.001). The retest reliability of the measurement of the depth of
the trochlear groove and lateral trochlear inclination were good between junior and intermediate
doctors, with ICC values ranging from 0.89 to 0.93, but the retest reliability of the facet ratio of medial to
lateral was moderate (ICC = 0.71, 95%ClI: 0.60-0.80, P < 0.001; ICC = 0.62, 95%CI: 0.47-0.73, P < 0.001).
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Table 4 Intergroup comparison of the artificial intelligence model and senior doctors

Obvervational index Artificial intelligence model Senior doctor Pvalue
Trochlear depth (mm) 4.41+1.85 434210 0.424'
Asymmetry of the facet length 0.57 £0.17 0.60 +0.18 0.024'
Lateral trochlear inclination (°) 16.31 £5.92 16.00 £ 6.02 0.235"

1Student's t test.

Table 5 Intragroup correlation coefficient and 95% confidence interval of the measures for the junior doctors, intermediate doctors and

artificial intelligence models compared with senior doctors

Group Trochlear depth (mm) Asymmetry of the facet length Lateral trochlear inclination (°)
Junior doctor 0.87 (0.78-0.92)* 0.57 (0.32-0.73)" 0.82 (0.75-0.88)"

Intermediate doctor 0.88 (0.82-0.90)" 0.41 (0.16-0.60)" 0.87 (0.79-0.92)"

Artificial intelligence model 0.91 (0.86-0.94)* 0.71 (0.59-0.80)" 0.91 (0.87-0.94)"

3P <0.001.

Table 6 The intragroup consistency of the measured parameters between junior doctors, intermediate doctors and the artificial

intelligence model

Junior doctor Intermediate doctor Artificial intelligence model

Kappa 0.76 0.78 1.00

Table 7 Intragroup correlation coefficient and 95% confidence interval of the two measurements before and after for junior doctors,

intermediate doctors and artificial intelligence model

Group Trochlear depth (mm) Asymmetry of the facet length Lateral trochlear inclination (°)
Junior doctor 0.93 (0.89-0.95)* 0.71 (0.60-0.80)* 0.90 (0.85-0.93)*
Intermediate doctor 0.92 (0.88-0.95)" 0.62 (0.47-0.73)* 0.89 (0.84-0.93)"
Artificial intelligence model 1.00 (1.00-1.00)* 1.00 (1.00-1.00)* 1.00 (1.00-1.00)*
P < 0.001.
DISCUSSION

FTD is a progressive disease that leads to patellar instability and even patellofemoral arthritis. There are
many methods to treat FTD, such as trochleoplasty[26,27]. However, trochleoplasty is not suitable for all
patients with FTD. For a large number of patients without patellar instability or mild FTD (type A),
conservative treatment or simple MPFL is the best choice[28,29]. Therefore, early FTD diagnosis and
determination of its severity are critical for identifying patients who require observation or treatment.
The diagnosis of early FTD is challenging. There are different measurement parameters to describe FTD
in the related literature, including X-ray, CT and MRI. However, standard lateral radiographs of the
knee joint are not common in clinical work. With the continuous development of medical imaging
technology, MRI can clearly show the anatomy of the articular cartilage surface, ligaments and muscles
can better show the morphology of the femoral trochlea, and has more advantages in evaluating FTD
[30,31]. Therefore, our model is based on MRII, not X-ray[32-34]. Among various quantitative radiology
methods to characterize the femoral trochlea, trochlear depth, asymmetry of the facet length and lateral
trochlear inclination are considered the best prediction parameters, with extremely high sensitivity and
specificity[35-37].

However, the manual measurement of femoral trochlea parameters is tedious, time-consuming, and
easily produces great variability. The development of artificial intelligence in imaging-related fields
provides a breakthrough for solving problems of the femoral trochlea. Artificial intelligence has been
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previously applied to the diagnosis and treatment of femoral trochlea diseases. Cerveri et al[38]
combined a statistical shape model (SSM) with a stacked sparse autoencoder network to represent the
individual morphology of the trochlea through a set of parameters and used these parameters to
distinguish between different degrees of abnormalities and calculate the SSM of normal and dysplasia
trochlea regions. Some scholars also proposed a reproducible measurement method of the 3D femoral
model, quantified the knee parameters of the distal femur, and used an artificial neural network to
predict the parameter values describing the geometry of the normal trochlear groove to simulate the
surgical procedure of femoral trochleoplasty[39]. However, limited by the computer level at that time,
the further application of artificial intelligence was not studied. However, there is no doubt that the
research of Cerveri P provided evidence that artificial intelligence can be applied to the diagnosis and
treatment of FTD[38].

In this study, we propose an aided diagnosis algorithm framework based on deep learning
technology, which shows that deep learning achieves high performance in distinguishing normal
femoral trochlea from trochlea dysplasia, which is superior to junior doctors and intermediate doctors
and similar to that of senior doctors (ICC = 0.91, 95%CI: 0.87 to 0.94, P < 0.001). For the diagnosis of
trochlea dysplasia, the accuracy of the AI model was 0.88, and the AUC value was 0.88. The range of
sensitivity, specificity, positive predictive value and negative predictive value was 0.74-0.96, which was
higher than that of junior doctors and intermediate doctors. In terms of intragroup consistency and
intergroup consistency, the AI model was also superior to junior doctors and intermediate doctors.
However, in terms of diagnosis time, the average time of the Al model was only 0.14 s, which was
significantly shorter than that of junior doctors and intermediate doctors.

To locate the key points accurately and automatically, the thermal map regression method is used to
detect the key points. An algorithm based on deep learning is developed and used to automatically
measure the femoral trochlear parameters in axial MRI images. The system can accurately, efficiently
and stably evaluate trochlear groove depth and lateral trochlear inclination. Its performance is superior
to junior doctors and intermediate doctors and similar to that of senior doctors. The good performance
of the system shows the clinical potential of artificial intelligence for assisting surgeons in the tedious
process of accurately measuring femoral trochlear parameters. It is good to help young doctors with less
experience detect femoral trochlear dysplasia at an early stage.

The feasibility of using deep learning to help doctors diagnose diseases on MRI of the knee joint has
been well verified. The high efficiency, accuracy and repeatability of artificial intelligence can solve the
problem of the large demand for diagnosis and measurement of the femoral trochlea. In addition to its
widespread recognition, MRI does not involve cutting the selected sample image, thus avoiding the
problem that the accuracy rate may be improved due to image cutting[23].

In addition, it was found that the measurement of lateral trochlear inclination and depth of the
trochlear groove were better than the measurement of the facet ratio of medial to lateral, both in terms
of intragroup consistency and in terms of the error of disease diagnosis. The reason for this is that
although MRI can better observe the shape of the femoral trochlea compared with X-ray, it cannot
describe the shape of the trochlear surface by only marking key points, which leads to large
measurement errors and poor consistency within and between groups. Therefore, when using MRI to
diagnose FTD, the selection of parameters is more inclined to measure the lateral trochlear inclination
and the depth of the trochlear groove.

This study demonstrates that the deep learning algorithm can be used to assist in the diagnosis of
FTD, but this does not mean that it is ready for immediate clinical practice. We evaluated the diagnostic
performance of the CNN based on a single axial MRI image of the knee to maintain the project
simplicity, which may not actually fully reflect the clinically relevant situation because the assessment of
femoral trochlear development will involve at least two levels of MRI imaging. Finally, limited by the
resolution of the 1.5T MRI axial image, the diagnostic performance of the CNN is reduced to a certain
extent. Using higher resolution images can improve diagnostic accuracy.

However, there are still some deficiencies that are unavoidable in the initial stage of the research. In
the future, we hope to conduct further research based on the existing data and research results, such as
how to classify FTD to guide the treatment of different types.

CONCLUSION

In conclusion, this paper adopts the heatmap regression method base on deep learning to build an Al
model. All values of Al model were superior to junior doctors and intermediate doctors and similar to
senior doctors. Therefore, the diagnosis of FTD on knee MRI can be aided by AI and can be achieved
with a high level of accuracy. Al have great potential to become a useful tool for the assisted diagnosis
of orthopaedic diseases. Its greatest significance is to assist young front-line clinicians with less
experience to complete the diagnosis of the disease faster and more accurately.
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ARTICLE HIGHLIGHTS

Research background

Femoral trochlear dysplasia (FTD) is an important risk factor for patellar instability, with an incidence of
96% in patients with recurrent patellar instability. Magnetic resonance imaging (MRI) has become the
preferred method for evaluating FTD. However, tedious and repeated measurement is essential to using
these qualitative and quantitative parameters to diagnose FTD, and it easily produces considerable
differences in intragroup consistency and intergroup consistency.

Research motivation
Whether artificial intelligence can be used to assist in the diagnosis of femoral trochlear dysplasia
remains unclear.

Research objectives
To propose an artificial intelligence (Al) system to label and detect the key points of knee MRI to assist
in diagnosing FTD quickly and accurately.

Research methods

We searched knee MRI cases, including femoral trochlear dysplasia and normal femoral trochlea, all the
samples marked by doctors were divided into three sets, including the training set, the validation set
and the test set. The performance of Al model to diagnose FTD was improved through continuous
training and learning,.

Research results

All values (The accuracy, sensitivity, specificity, etc.) were superior to junior doctors and intermediate
doctors and similar to senior doctors. In terms of intragroup consistency and intergroup consistency, the
Al model was also superior to junior doctors and intermediate doctors. However, diagnostic time was
much lower than that of junior doctors and intermediate doctors.

Research conclusions

Al has great potential in the assisted diagnosis of orthopedic diseases. Its greatest significance is to assist
young front-line clinicians with less experience to complete the diagnosis of the disease faster and more
accurately.

Research perspectives
In the future, we hope to conduct further research based on the existing data and research results, such
as how to classify FTD to guide the treatment of different types.
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