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A deep learning model adjusting
for infant gender, age, height, and
weight to determine whether the
individual infant suit ultrasound
examination of developmental
dysplasia of the hip (DDH)
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Objective: To examine the correlation between specific indicators and the quality
of hip joint ultrasound images in infants and determine whether the individual
infant suit ultrasound examination for developmental dysplasia of the hip (DDH).
Method: We retrospectively selected infants aged 0-6 months, undergone
ultrasound imaging of the left hip joint between September 2021 and March
2022 at Shenzhen Children's Hospital. Using the entropy weighting method,
weights were assigned to anatomical structures. Moreover, prospective data was
collected from infants aged 5-11 months. The left hip joint was imaged, scored
and weighted as before. The correlation between the weighted image quality
scores and individual indicators were studied, with the last weighted image
quality score used as the dependent variable and the individual indicators used
as independent variables. A Long-short term memory (LSTM) model was used
to fit the data and evaluate its effectiveness. Finally, The randomly selected
images were manually measured and compared to measurements made using
artificial intelligence (Al).

Results: According to the entropy weight method, the weights of each anatomical
structure as follows: bony rim point 0.29, lower iliac limb point 0.41, and glenoid
labrum 0.30. The final weighted score for ultrasound image quality is calculated by
multiplying each score by its respective weight. Infant gender, age, height, and
weight were found to be significantly correlated with the final weighted score of
image quality (P<0.05). The LSTM fitting model had a coefficient of determination
(R%) of 0.95. The intra-class correlation coefficient (ICC) for the a and 8 angles
between manual measurement and Al measurement was 0.98 and 0.93, respectively.
Conclusion: The quality of ultrasound images for infants can be influenced by the
individual indicators (gender, age, height, and weight). The LSTM model showed
good fitting efficiency and can help clinicians select whether the individual infant suit
ultrasound examination of DDH.

KEYWORDS

developmental dysplasia of the hip, infant, ultrasonography, individuation, deep learning

Abbreviations
Al artificial intelligence; CNN, convolutional neural networks; CNR, contrast-to-noise ratio; DDH,
developmental dysplasia of the hip; LSTM, long-short term memory.
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Introduction

Developmental Dysplasia of the Hip (DDH) is a common type
of bone and joint diseases among infants, including hip dislocation,
subluxation, dysplasia with or without instability and other
subtypes (1). The incidence of this disease varies significantly
among different ethnic groups and countries and regions,
ranging from 0.15%-2% (2). It has been established that early
diagnosis of DDH can lower the need for surgery, prevent
complications, and improve the prognosis for infants.

Common techniques used for examining Developmental
Dysplasia of the Hip (DDH) include ultrasound, x-ray, CT, MRI,
and others. Currently, ultrasound and x-ray are the most
commonly used methods for screening and diagnosing DDH (3).
Ultrasound is the preferred imaging method for infants under 6
months of age because secondary ossification centers typically
develop between 3 and 6 months. Furthermore, ultrasound
provides optimal visualization of the hip before the formation of
femoral head ossification centers (4). When the femoral head’s
ossification center starts to develop, it can make it difficult to see
the lower iliac limb point in ultrasound imaging. Therefore, for
the diagnosis of DDH in infants older than six months, x-ray is
often used (3). CT is better suited to display the bone cortical
used (5).
technology has excellent soft tissue resolution and can be used

structure and is therefore Magnetic resonance

for three-dimensional evaluation, making it an important
auxiliary tool in the diagnosis and treatment of DDH. Each type
of imaging test has its own advantages and disadvantages. For
example, there is radiation exposure when using x-rays and their
accuracy can be affected by the position of the child, resulting in
false positives and false negatives (6). CT scans make child more
radiation exposure and cannot show soft tissue structure, so they
are often used for pre-surgical evaluation. MRI scans are very
expensive and require sedation, making them inconvenient.
Compared to other imaging tests, ultrasound examinations are
safer and more reliable. However, the accuracy of ultrasound
imaging diagnosis depends on the quality of the images produced.

In clinical practice, it has been found that the quality of hip
joint ultrasound images in some young infants is not optimal,
while some older infants’ ultrasound images can clearly display
standard sectional anatomy and thus obtain accurate ultrasound
diagnosis. Therefore, age alone cannot be used as the sole basis
for ultrasound examination of DDH, as this may be related to
individual development such as infant age, height, weight, and
other factors.

In this research, we assessed the factors that affect the quality of
ultrasound images in infants by considering their gender, age,
height, and weight. We objectively assigned weights to the
evaluation scores of the images using the entropy weight method
and used a deep learning model-LSTM to develop the model.
Long-short term memory network (LSTM) is a type of neural
network that possesses temporal prediction characteristics (7). It
comprises three gate structures, namely, forgetting gate, input
gate, and output gate. It can extract and analyze various data
characteristics, enabling dynamic time-point data analysis and
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prediction. Our goal was to investigate the suitability of
ultrasound examinations for diagnosing DDH among different
individuals and provide guidance for selecting the ultrasound
examination.

Methods
Study population

Between September 2021 and March 2022, a retrospective data
collection was conducted at Shenzhen Children’s Hospital. We
included 150 infants, comprising of both 77 male and 73 female
infants, aged between 0 and 6 months. All infants received hip
joint ultrasound examination during this period and were included
in the study for entropy weight calculation. Inclusion criteria as
with
indicator data for gender, age, height, and weight, who have

following: infants complete individual developmental
undergone hip joint ultrasound examination. Exclusion criteria
were infants with incomplete individual developmental indicator
data for gender, age, height, and weight, who have not undergone
hip joint ultrasound examination, and infants with hip joint or
related muscle lesions. From July 2022 to December 2022, a
prospective collection of data was conducted at the Ultrasound
Department of Shenzhen Children’s Hospital. The data involved
290 infants between the ages of 5 and 11 months who underwent
hip joint ultrasound examination, including both 153 male and
137 female infants. Specifically, there were 50 cases each for
infants aged 5, 6, 7, and 8 months, and 30 cases each for infants
aged 9, 10, and 11 months. This study was approved by the Ethics
Committee of Shenzhen Children’s Hospital (approval number:
2022078). All patients were informed of the examination method
and purpose and signed informed consent prior to examination.
The participants of the study were requested to provide their
personal information, including gender, age, height, and weight,
on the day of their examination. The individual indexes of these
demographic variables were recorded for each subject as part of

the data collection process (Figure 1).

Ultrasound examination

In this study, the GE LOGIQ-E9 ultrasonic diagnostic
instrument (America) and 9l linear probe with a frequency range
of 5.0-9.0 MHz were employed for imaging of the hip joint. The
ultrasound coronal plane of Graf's method was chosen as the
standard imaging technique for this purpose. The imaging
procedures were conducted by experienced senior physicians who
possess the necessary expertise and technical skills in ultrasound
imaging. In the standard imaging, four markers were identified,
namely the iliac bone, bony rim point, lower iliac limb point,
and glenoid labrum, as illustrated in Figure 2. These markers
were selected based on their ability to provide accurate and
reliable measurements of the hip joint. The utilization of a
standardized imaging protocol and the identification of these
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Select study population

l

A retrospective data
collection included 150
infants (<6 months)

The quality of the
ultrasound images was
evaluated by two
doctors,the average score
of each item was used

Entropy weight
method

l Inclusion criteria: (1) Complete data of gender, age,
height and weight; (2) Infents undergomg hip joint

ultrasound examination.

———(Exclusion criteria: (1) Incomplete data of gender,

age. height and weight: 2 Infants without joint

ultrasound examination.® Infants with hip or

related muscle lesions.

A prospective data
collection included 290
infants (5-11 months)

The quality of the
ultrasound images was
evaluated by two
doctors,the average score
of each item was used

Calculate the additional
weight of each i
structure

FIGURE 1
Flowchart of the present study.

The final quality-weighted
scores

l

LSTM model

markers allowed for consistent and reproducible imaging of the hip
joint, ensuring the validity and reliability of the data obtained in
this study.

Score of ultrasound image quality

In this study, considering there was no relationship between
straightness of iliac bone and individual indicators such as
weight and age in children, three anatomical structures were
included to evaluate image quality. The quality of the ultrasound

FIGURE 2

Measurement of the neutral coronal plane of the hip joint using the graf
method. (A) lliac bone, (B) bony rim point, (C) lower iliac limb point, (D)
glenoid labrum.
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images was evaluated by two doctors based on the clarity of the
three critical anatomical structures displayed in the hip joint
ultrasound images, as outlined in Tables 1, 2. Each structural
point was assigned a score ranging from 1 to 5, with a score of 3
or higher indicating that the image was of sufficient quality for
accurate measurements to be taken. By employing these
standardized scoring criteria, the experienced doctors were able
to assess the quality of the ultrasound images objectively and
consistently, ensuring that the images used in subsequent

analyses were of sufficient quality and accuracy.

Assigning weights with entropy weight
method

150 ultrasound images of hip joints were retrospectively selected.
Two doctors scored the quality of ultrasound images according to the
clarity of the three key anatomical structure displayed in the
ultrasound images of hip joints (Tables 1, 2). Each structural point
is scored with a total score of 5 3 or above was qualified,
indicating that the image can be measured. All images were scored
by two senior doctors, and the average score of each item was used

TABLE 1 Image quality scores.

Bony rim point Lower iliac Glenoid labrum
limb point
1 Not shown Not shown Not shown
2 Unclear Unclear Unclear
3 Measurable Measurable Visible
4 Visible Visible Clearness
5 Clearness Clearness Clearness and regular

frontiersin.org


https://doi.org/10.3389/fped.2023.1293320
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Chen et al.

TABLE 2 Image quality scores (image plate).

labrum

1
2 E
| -
| -
| o
5 —

to calculate the additional weight of each anatomical structure by
entropy weight method, as seen in Appendix.

A total of 290 prospective ultrasound images of the left hip joint of
the subjects were manually scored. The entropy weight method was
used to calculate weights for each anatomical structure, and the final
quality-weighted scores for all 290 images were obtained. A final
ultrasonic image quality score greater than 3 points indicates clear
and measurable image structure, allowing for accurate diagnosis.

Consistency of manual and Al measurement
of a angles and g angles

15 cases (>6 months) were randomly selected from ultrasonic
images whose final score was greater than 3 points for manual
and Al automatic measurement of o Angles and f Angles, and
recorded the measured angles for consistency test.

Statistical methods

Statistical analysis was performed using SPSS 26.0 software.
Normally distributed data were presented as mean + SEM. The
intra-class correlation coefficient (ICC) was used to investigate
the correlation between the anatomical structure scores of each
ultrasound image in the two groups. Pearson correlation analysis
was used to assess the association of individual indices such as
height and weight, with the image quality score. Independent
sample t-test was conducted for comparison of the image quality
scores between male group and female group. The image quality
scores were also grouped according to month age, and ANOVA
was performed for analysis. The ICC was used to test the
correlation between manual measurement and Al measurement
of a Angles and § Angles. A P value of less than 0.05 was
considered statistically An LSTM model

significant. was
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constructed using Matlab software with 240 training sets and 50
test sets (Figure 3). The closer the determination coefficient of
the fitting model is to 1.0, the higher the fitting efficiency.
Conversely, the closer it is to zero, the less efficient it is.

Result
Ultrasonic image quality score

A total of 50 ultrasound images of the left hip joint, which were
less than 6 months old, were retrospectively collected and assessed
for four anatomical structures. The scores of Doctor 1 for bony rim
point, lower iliac limb point, and glenoid labrum were respectively
3.17 £1.13, 3.27 £ 1.35, and 2.52 £ 1.03. Similarly, Doctor 2’s scores
for the same structures were 2.99 + 0.99, 3.21 +1.23, and 247 +
0.85, respectively. The ICC values for the scores of bony rim
point, lower iliac limb point, and glenoid labrum in hip joint
ultrasound images were 0.78, 0.88, and 0.79, respectively
(Table 3). Both doctors’ scores showed good consistency, and the
average score for each item was used in the analysis.

Weight of each anatomical structure of hip
joint

In this study, the weights of each anatomical structure obtained
by entropy weight method were respectively bony rim point: 0.29,
lower iliac limb point: 0.41, glenoid labrum: 0.30. That means the
last weighted score of ultrasound image quality=bony rim
point x 0.29 +lower iliac limb point x 0.41 + glenoid labrum x
0.30 (Figure 4). And the proportion of the final weighted score
of ultrasound image lower than 3 in each month were 16%, 20%,
14%, 14%, 33%, 27%, 43%.

Individual index

The participants’ height, weight, and image quality scores
followed a normal distribution. Height and weight were found to
be negatively correlated with the weighted scores of the final image
quality, with respective correlation coefficients (R) of —0.16 and
—0.59 (P <0.05). The male and female groups had weighted scores
of 322+0.59 and 3.37+0.58, respectively, with a statistically
significant difference (P < 0.05). The final image quality’s weighted
scores were grouped by the participants’ age in months. ANOVA
analysis showed statistically significant differences in age in months.

LSTM model fitting of individual index and
final image quality weighted fraction
The fitted model of LSTM for the test set shows a good match

between the predicted and actual values, as seen in Figure 5. The
relative errors were almost below 10%, as depicted in Figure 6.
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Schematic diagram of the LSTM fitting model.

Cta r@* > » Ct1
“
ft
It Ct Ot " N RelU Yt
Iol‘u” tanhll l
hea I > ht
Xt
10Nodes
15Nodes
LSTM Unit Dense Network
FIGURE 3

TABLE 3 Consistency test of two doctors’ image scores.

Lower iliac limb
point score

Bony rim

point score

Glenoid labrum
score

Comparison of consistency of manual and

Al measurement

Doctor 1 3.17+1.13 327+1.35 2.52+1.03 Fifteen cases older than 7 months with image quality scores
Doctor 2 299£099 321123 247085 greater than 3 points were randomly selected for manual and Al
fec 078 088 079 measurement of o Angles and 8 Angles. ICC test was performed
FIGURE 4
(A) The image structure of the 5-month-old subject was not clearly displayed, scoring only 2.30. (B) In contrast, the 8-month-old subjects had a clearly
displayed image structure, achieving a score of 4.01
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test sample

Comparison of the predicted values using LSTM model with the actual values in the testing dataset.
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and the intra-group consistency were 0.98 (o Angles group) and
0.93 (B Angles group), respectively (Table 4).

Discussion

To determine whether a section of DDH ultrasonic image is
standard and whether accurate ultrasonic diagnosis can be
performed, there are several studies available that assess the
quality of DDH ultrasonic images. Hongmei Dong et al. (8)
evaluated ultrasonic images of DDH and conducted quality
control on three anatomical structures: the iliac bone, lower iliac
limb point, and glenoid labrum. During the evaluation, the
investigators considered various factors such as the image gain,
the drawing line used during measurement, and the size of the
image. Abhilash et al. (9) employed a 10-point scale to assess
various factors, including the ilium, labrum, os ischium, femoral
head, motion artifact, and other imaging artifacts, such as limited
penetration or excessive image noise. The scores assigned to each
indicator evaluation were 2, 1, 2, 1, 2, and 2, respectively, to
artificially assign weights to each indicator. However, both of
these evaluation methods are inevitably subjective. In this study,
we excluded other evaluation indicators, such as drawing lines
and image size, that would not affect the diagnosis. To reduce
human subjectivity in the evaluation process, we introduced the
entropy weight method to objectively assign weight to scores.

Frontiers in Pediatrics

The entropy weight method is a scientific approach to decision-
that objective
comprehensively based on the information contained in the

making evaluates  indicators’ weighting
evaluation objects (10). This method can decrease the subjectivity
of artificial ratings and is extensively employed in various fields
such as chemistry, architecture, and engineering technology. It is
mostly used in public health and infectious diseases, but its usage
in the medical sector is limited (11, 12). In this study, the final
image quality score, calculated using the entropy weight method,
is more objective and reliable than direct human scoring and
artificial weighting.

According to the present guidelines, ultrasound screening can
be selected for infants who are younger than 6 months (1). This
is because after 6 months, the role of ultrasound becomes limited
due to the formation of the secondary ossification center of the
femoral head, which blocks the deep structures of the hip joint.
At this stage, x-ray diagnosis is recommended instead. However,
it’'s important to note that the 6-month threshold is a broad
boundary. Previous studies have demonstrated that high-quality
ultrasound images can be acquired, enabling accurate diagnoses
even for infants with secondary ossification centers in later
months (13). In infants older than 8 months, the proportion of
image quality scores under 3 points increase significantly. Our
results showed that for older infants, particularly those aged 7-8
months, the small ossification center may not obstruct the lower
iliac limb point, allowing for precise ultrasound diagnosis of
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The relative error between the predicted values and the actual values of the LSTM model in the testing dataset.
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DDH in these cases. Aside from age, infant growth and
development rates differ among individuals, which can impact
ultrasound examination results. Therefore, it is not reasonable to
solely rely on age as a determinant for examination methods.
The aim of this study is to establish a dependable foundation for
making ultrasound decisions based on an individual’s unique
characteristics.

Several individual indicators have been found to affect the
quality of two-dimensional ultrasound images, and numerous
scholars have conducted related research. Several studies have
confirmed that body mass index has a significant impact on
quality,
examinations (14-16). This is because the abdomen tends to

ultrasound ~ image particularly  for  abdominal
accumulate fat. Likewise, when examining children’s hip joints,
the probe is typically positioned at areas with high fat
concentration, which can also affect image quality. Additionally,

there are differences in growth and development between male

TABLE 4 Consistency inspection of a angle and 3 angle between manual
measurement and Al measurement.

o __aangles B Angles

Manual measurement 69.27 £3.53 46.80 +2.24
Al measurement 69.33 +3.99 47.00 £2.95
ICC 0.98 0.93

Frontiers in Pediatrics

and female infants. Therefore, this paper examines the
correlation between infants’ individual indexes (gender, age,
height,

concludes that gender, age in months, height, and weight all

and weight) and ultrasound image quality, and
have an impact on the ultrasound image quality score.

Currently, LSTM is mainly used in the form of a composite
network, connected with a Convolutional Neural Networks
(CNN) network, for disease diagnosis, differential diagnosis, risk
assessment, and classification of ultrasound images, among
others (17-20).As the data of infant age is in the form of a time
series, an LSTM model was employed in this study. The final
image score, which was calculated using the entropy weight
method, was used as the dependent variable, while infant gender,
age, height, and weight were used as the independent variables
for model fitting.

Enter the infant’s gender, age, height, and weight to predict the
quality score of its ultrasound image. The R regression model has
achieved a score of 0.95, which can accurately estimate whether
children are suitable for an ultrasound examination, providing
clinicians with a basis for conducting the examination.
Ultrasound is an economical, quick, and radiation-free method,
and this model provides a better option for screening older
children’s hip joints, making parents more comfortable with
accepting ultrasound. Subsequently, 15 images featuring subjects

with ultrasonic image scores greater than 3 were randomly
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chosen for automatic scanning using AI (21). The obtained
measured values exhibited a high degree of consistency with
those that were manually measured, thus indicating that the
anatomical structure of the images analyzed in this study was
clear, accurate, and diagnosable. This paper serves as further
evidence of the efficacy of this image quality scoring method.

In this study, the number of older subjects was limited, and the
method of image quality assessment was restricted to specific
anatomical structures, without considering the overall image
quality. However, with the advancement of science and

technology, the penetration of ultrasonic instruments is
increasing, which will lead to an improvement in image quality.
In the future, if the sample size is expanded and objective
evaluation values of the overall ultrasonic image are added, using
computer technology such as gray mapping function, image
contrast, contrast-to-noise ratio (CNR), and high contrast spatial
resolution (22), it can avoid subtle visual differences caused by
advanced mode and image differences caused by different
machines. This will make the score more objective and truthful,

thereby improving the accuracy of the assessment.

Conclusion

The quality of ultrasound images for infants can be influenced
by their gender, age, height, and weight. However, high-quality hip
joint ultrasound images can still be reliably measured by both
manual and AI methods, with consistent results for a and
angles above three anatomical structures: bony rim point, lower
iliac limb point, and glenoid labrum. This allows for a good
evaluation of ultrasound image quality. The LSTM model has
also shown good fitting efficiency, which can help guide
clinicians in determining whether the individual infant suit
ultrasound examination of DDH. This can help reduce the waste
of medical resources and avoid the radiation exposure associated
with x-ray examinations.

Data availability statement

The datasets generated and/or analysed during the current
study are not publicly available due to regulation of Shenzhen
Children’s Hospital and protecting patient personal information.
Requests to access these datasets should be directed to the
corresponding author (Na Xu), 46911069@qq.com.

Ethics statement

The studies involving humans were approved by Ethics
Committee of Shenzhen Children’s Hospital (approval number:
2022078). The studies were conducted in accordance with the

Frontiers in Pediatrics

10.3389/fped.2023.1293320

local legislation and institutional requirements. Written informed
consent for participation was not required from the participants
or the participants’ legal guardians/next of kin in accordance
with the national legislation and institutional requirements.

Author contributions

XC: Conceptualization, Data curation, Methodology, Writing —
original draft. SZ: Methodology, Writing - original draft. WS: Data
curation, Writing - review and editing. DW: Data curation,
Writing - review and editing. BH: Data curation, Writing -
review and editing. HT: Data curation, Writing - review and
editing. XH: Data curation, Writing - review and editing. NX:
Conceptualization, Data curation, Methodology, Writing -
original draft, Writing — review and editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

This study was supported by Shenzhen high-level hospital
construction fund (SZGSP012); the funding of basic research
project of Shenzhen science and technology innovation
commission (JCYJ20220530160000001) and Sanming Project of
Medicine in Shenzhen (SZSM202011012).

Acknowledgments

We wish to thank the patients and Shenzhen Children’s
Hospital for giving their consent and providing the data to
report this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


mailto:46911069@qq.com
https://doi.org/10.3389/fped.2023.1293320
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Chen et al.

References

1. Xu N, Xia B, Tao H, Sun K, Liu Q, Chen W, et al. Chinese expert consensus on
ultrasonographic acquisition, measurement, and reporting system for developmental
dysplasia of the hip. Adv Ultrasound Diagn Ther. (2020) 4(1):1. doi: 10.37015/
AUDT.2020.190041

2. Den H, Ito ], Kokaze A. Epidemiology of developmental dysplasia of the hip:
analysis of Japanese national database. ] Epidemiol. (2023) 33:186-92. doi: 10.2188/
jea.JE20210074

3. AIUM-ACR-SPR-SRU. Practice parameter for the performance of an ultrasound
examination for detection and assessment of developmental dysplasia of the hip.
J Ultrasound Med. (2018) 37:E1-5. doi: 10.1002/jum.14829

4. Muresan S, Mirginean MO, Voidazan S, Vlasa I, Sintean I. Musculoskeletal
ultrasound: a useful tool for diagnosis of hip developmental dysplasia: one single-
center experience. Medicine (Baltimore). (2019) 98:e14081. doi: 10.1097/MD.
0000000000014081

5. Mimura T, Mori K, Kitagawa M, Ueki M, Furuya Y, Kawasaki T, et al.
Multiplanar evaluation of radiological findings associated with acetabular dysplasia
and investigation of its prevalence in an Asian population: a CT-based study. BMC
Musculoskelet Disord. (2017) 18(7):985-9. doi: 10.1186/s12891-017-1426-3

6. Barrera CA, Cohen SA, Sankar WN, Ho-Fung VM, Sze RW, Nguyen JC. Imaging
of developmental dysplasia of the hip: ultrasound, radiography and magnetic
resonance imaging. Pediatr Radiol. (2019) 49(12):1652-68. doi: 10.1007/s00247-019-
04504-3

7.YuY, Si X, Hu C, Zhang J. A review of recurrent neural networks: LSTM cells and
network architectures. Neural Comput. (2019) 31(7):1235-70. doi: 10.1162/neco_a_
01199

8. Hongmei D, Suzhen R. Application of PDCA circulation in improving the quality
of ultrasound images of infant hip joint. Chin ] Med Ultrasound (Electronic Edition).
(2020) 17(07):650-5. doi: 10.13555/j.cnki.c.m.e.2023.01.020

9. Hareendranathan AR, Chahal B, Ghasseminia S, Zonoobi D, Jaremko JL. Impact
of scan quality on AI assessment of hip dysplasia ultrasound. J Ultrasound. (2022)
25:145-53. doi: 10.1007/s40477-021-00560-4

10. Jin D, Yang M, Qin Z, Peng ], Ying S. A weighting method for feature dimension
by semisupervised learning with entropy. IEEE Trans Neural Netw Learn Syst. (2023)
34:1218-27. doi: 10.1109/TNNLS.2021.3105127

11. Guo Y, Li X, Chen D, Zhang H. Evaluation study on the use of non-contact
prevention and protection products in the context of COVID-19: a comprehensive
evaluation method from AHP and entropy weight method. Int J Environ Res Public
Health. (2022) 19:16857. doi: 10.3390/ijerph192416857

Frontiers in Pediatrics

09

10.3389/fped.2023.1293320

12. Luo Z, Zhou Z, Hao Y, Feng ], Gong Y, Li Y, et al. Establishment of an indicator
framework for the transmission risk of the mountain-type zoonotic visceral
leishmaniasis based on the delphi-entropy weight method. Infect Dis Poverty. (2022)
11:122. doi: 10.1186/540249-022-01045-0

13. Kitay A, Widmann RF, Doyle SM, Do HT, Green DW. Ultrasound is an
alternative to x-ray for diagnosing developmental dysplasia of the hips in 6-month-
old children. HSS J. (2019) 15:153-8. doi: 10.1007/s11420-018-09657-9

14. Jeeji AK, Ekstein SF, Ifelayo OI, Oyemade KA, Tawfic SS, Hyde RJ, et al.
Increased body mass index is associated with decreased imaging quality of point-of-
care abdominal aortic ultrasonography. J Clin Ultrasound. (2021) 49:328-33.
doi: 10.1002/jcu.22929

15. Siadecki SD, Frasure SE, Lewiss RE, Saul T. High body mass Index is strongly
correlated with decreased image quality in focused bedside echocardiography.
] Emerg Med. (2016) 50:295-301. doi: 10.1016/j.jemermed.2015.07.023

16. Yaqub M, Kelly B, Noble JA, Papageorghiou AT. The effect of maternal body
mass index on fetal ultrasound image quality. Am J Obstet Gynecol. (2021)
225:200-2. doi: 10.1016/j.ajog.2021.04.248

17. Narasimha Raju AS, Jayavel K, Rajalakshmi T. ColoRectal CADx: expeditious
recognition of colorectal cancer with integrated convolutional neural networks and
visual explanations using mixed dataset evidence. Comput Math Methods Med.
(2022) 2022:8723957. doi: 10.1155/2022/8723957

18. Hwang I-C, Choi D, Choi Y-J, Ju L, Kim M, Hong J-E, et al. Differential
diagnosis of common etiologies of left ventricular hypertrophy using a hybrid
CNN-LSTM model. Sci Rep. (2022) 12:20998. doi: 10.1038/s41598-022-25467-w

19. Khanna NN, Maindarkar MA, Viswanathan V, Puvvula A, Paul S, Bhagawati M,
et al. Cardiovascular/stroke risk stratification in diabetic foot infection patients using
deep learning-based artificial intelligence: an investigative study. J Clin Med. (2022)
11:6844. doi: 10.3390/jcm11226844

20. Ho N, Kim Y-C. Estimation of cardiac short axis slice levels with a cascaded deep
convolutional and recurrent neural network model. Tomography. (2022) 8:2749-60.
doi: 10.3390/tomography8060229

21. Huang B, Xia B, Qian J, Zhou X, Zhou X, Liu S, et al. Artificial intelligence-
assisted ultrasound diagnosis on infant developmental dysplasia of the hip under
constrained computational resources. J Ultrasound Med. (2023) 42:1235-48. doi: 10.
1002/jum.16133

22. Sassaroli E, Crake C, Scorza A, Kim D-S, Park M-A. Image quality evaluation of
ultrasound imaging systems: advanced B-modes. ] Appl Clin Med Phys. (2019)
20:115-24. doi: 10.1002/acm?2.12544

frontiersin.org


https://doi.org/10.37015/AUDT.2020.190041
https://doi.org/10.37015/AUDT.2020.190041
https://doi.org/10.2188/jea.JE20210074
https://doi.org/10.2188/jea.JE20210074
https://doi.org/10.1002/jum.14829
https://doi.org/10.1097/MD.0000000000014081
https://doi.org/10.1097/MD.0000000000014081
https://doi.org/10.1186/s12891-017-1426-3
https://doi.org/10.1007/s00247-019-04504-3
https://doi.org/10.1007/s00247-019-04504-3
https://doi.org/10.1162/neco_a_01199
https://doi.org/10.1162/neco_a_01199
https://doi.org/10.13555/j.cnki.c.m.e.2023.01.020
https://doi.org/10.1007/s40477-021-00560-4
https://doi.org/10.1109/TNNLS.2021.3105127
https://doi.org/10.3390/ijerph192416857
https://doi.org/10.1186/s40249-022-01045-0
https://doi.org/10.1007/s11420-018-09657-9
https://doi.org/10.1002/jcu.22929
https://doi.org/10.1016/j.jemermed.2015.07.023
https://doi.org/10.1016/j.ajog.2021.04.248
https://doi.org/10.1155/2022/8723957
https://doi.org/10.1038/s41598-022-25467-w
https://doi.org/10.3390/jcm11226844
https://doi.org/10.3390/tomography8060229
https://doi.org/10.1002/jum.16133
https://doi.org/10.1002/jum.16133
https://doi.org/10.1002/acm2.12544
https://doi.org/10.3389/fped.2023.1293320
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Chen et al.

Appendix

The process of image evaluation model based on entropy
weight method as follows:

(1) According the
image, a scoring matrix of anatomical structure indicators

to anatomy structure score of each

for each image is obtained, with m images and »n indicators,
X represents the value of the j-th indicator of image i.
(2) Equation for calculating the weight of image i in the j-th
index:

X;;

p.=—"Y9
! Z?:l Xij

(3) Equation for calculating the entropy value of the j-th index, of

note, 4<0,q = > 0, and 7 is the number of images in

1o
EYO R
the following equation:
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1,2, ...,m)

ej:—qZIn(Pij) (i=1,2 ...,nj
i=1

(4) Calculate the difference coefficient of the j-th index. For the j-
th index, the greater the difference between index values, the
greater the left and right sides of image evaluation, and the
smaller the entropy value. The difference coefficient is
defined as follows:

gjzlfej (j=12,...,m)

In the formula 0 < g <1.

(5) To find the weight coefficient of the j-th index:
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