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Abstract. Acquiring adequate ultrasound (US) image data is crucial
for accurate diagnosis of developmental dysplasia of the hip (DDH), the
most common pediatric hip disorder affecting on average one in every one
thousand births. Presently, the acquisition of high quality US deemed
adequate for diagnostic measurements requires thorough knowledge of
infant hip anatomy as well as extensive experience in interpreting such
scans. This work aims to provide rapid assurance to the operator, auto-
matically at the time of acquisition, that the data acquired are suitable
for accurate diagnosis. To this end, we propose a deep learning model for
a fully automatic scan adequacy assessment of 3D US volumes. Our con-
tributions include developing an effective criteria that defines the features
required for DDH diagnosis in an adequate 3D US volume, proposing an
efficient neural network architecture composed of convolutional layers
and recurrent layers for robust classification, and validating our model’s
agreement with classification labels from an expert radiologist on real
pediatric clinical data. To the best of our knowledge, our work is the
first to make use of inter-slice information within a 3D US volume for
DDH scan adequacy. Using 200 3D US volumes from 25 pediatric pa-
tients, we demonstrate an accuracy of 82% with an area under receiver
operating characteristic curve of 0.83 and a clinically suitable runtime of
one second.
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1 Introduction

Developmental dysplasia of the hip (DDH) is a congenital condition representing
a range of disorders involving a partial or complete dislocation of the hip joint.
DDH is the most common pediatric hip disorder, affecting on average one in
every one thousand births [1]. Failure to diagnose DDH in its early stages often
gives rise to serious adverse outcomes affecting the hip such as painful early
adult osteoarthritis and significant difficulties in future treatment that typically
includes expensive corrective surgical procedures [2].
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Ultrasound (US) imaging is currently considered the gold standard for DDH
diagnosis during early childhood development as it is low cost, portable, and
does not use potentially harmful ionizing radiation [3]. Although 2D US is the
present clinical standard, several works have recently shown that using 3D US
gives a more comprehensive measure of the anatomical deformity and is less
prone to probe orientation related errors [6–8]. Our group has pioneered the use
of 3D US for DDH diagnosis and shown that it markedly improves the reliabil-
ity of dysplasia metric measurements compared to 2D US [8]. However, current
analysis processes are computationally expensive, with runtimes of three min-
utes, limiting clinical relevance. Furthermore, the introduction of 3D US poses
increased difficulty on operators who may not have experience with volumetric
scans. The acquisition of high quality US volumes that are adequate for diagnos-
tic measurements remains an especially challenging task as it requires thorough
knowledge of infant hip anatomy and extensive experience in interpreting scans.
Such challenges exist even when 2D US is used, e.g. when the quality of hip
sonograms across 8 German states was studies in 2011, up to 43% of tested hip
sonographers had their licenses revoked because they could not demonstrate suf-
ficient adherence to the imaging guidelines [4]. The top reasons for misdiagnoses
were: 1) US probe orientation errors; 2) incorrect anatomical interpretation; and
3) lack of adequacy checks [5]. To improve clinical usability of 3D US, our work
aims to provide rapid assurance at the time of acquisition that the US data
acquired is suitable for diagnosis.

US standard plane detection, an issue similar to that of US scan adequacy,
has been addressed in other fields such as fetal abnormality screening [9–11]
and cardiac imaging [12, 13] in an effort to provide feedback to sonographers.
Maraci et al. [9], Chen et al. [11], Baumgartner et al. [12], and Abdi et al. [13]
each proposed classifiers for categorisation of 2D slices from US video data, and
Rahmatullah et al. [10] proposed a method based on the AdaBoost learning
algorithm for US volume data. In an earlier work [14], our group proposed a
technique for automatic 2D US scan adequacy detection in DDH but applying
that approach sequentially to slices of a 3D US volume would require a long pro-
cessing time hampering clinical use. We subsequently developed a fast approach
for automatic 3D US scan adequacy [15] but the classified adequacy remained
slice-by-slice based thus did not make use of rich, and often very informative,
inter-slice information when considering the spatial relationship of the responses
from sequential frames within a volume.

In this paper, we propose a deep learning model for fully automatic scan
adequacy assessment of 3D US volumes. We design a recurrent neural network
(RNN) architecture to incorporate inter-slice information within a 3D US volume
for DDH screening. More specifically, our contributions include: 1) developing a
list of criteria that defines the features required in an adequate 3D US volume
for DDH diagnosis, 2) proposing a neural network architecture, trained end-to-
end, comprising convolutional layers and recurrent layers that robustly classify
US scan adequacy, and 3) validating our model’s agreement with classification
labels from an expert radiologist on real pediatric clinical data.
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2 Materials and Method

2.1 Dataset

As part of a larger collaboration with pediatric orthopedic surgeons at British
Columbia Children’s Hospital, including a multi-year DDH clinical study con-
ducted by our research team, we acquired 200 3D B-mode US volumes from
25 pediatric patients (acquired by two pediatric orthopedic surgeons). The data
were obtained as part of routine clinical care under appropriate institutional
review board approval using a SonixTouch Q+ scanner (Analogic Inc, Peabody,
MA, USA) with a 4DL14-5/38 linear 4D transducer set at 7MHz and positioned
in the coronal plane. Each acquired volume comprised 200 slices with an ax-
ial resolution of 0.17mm. In order to harmonise the input image dimensions to
our neural network, we resized the images to 256x256 pixels corresponding to a
x-dimension of 38mm and variable y-dimension of a minimum of 38mm.

2.2 3D US Scan Adequacy Criteria

It is important to note that a gold standard for clinical classification of US
volumes does not yet exist, since 2D assessment is currently the clinical standard
for DDH screening. Together with an expert radiologist, we thus developed a list
of criteria that defines the features required in an adequate 3D US volume for
proper subsequent extraction of the commonly used DDH metrics, namely the �
angle (angle between the plane of the ilium and the acetabulum), � angle (angle
between the plane of the ilium and the labrum), and femoral head coverage
(the percentage area of the femoral head medial to the ilium) [8]. Therefore,
anatomical features required to be present within the scan include the ilium,
acetabulum, labrum, ischium and entire femoral head as illustrated in Figure 1.
When a volume properly captures the entire hip joint, the femoral head, a hypo-
echoic spherical structure, should be seen growing and shrinking in size across the
encompassing slices. Additionally, the ilium must appear as a straight, horizontal
hyper-echoic line and the acetabulum must appear continuous with the iliac
bone. Notably, although these features should be collectively present within an
adequate volume, they do not necessarily all need to be present within any single
slice of the volume, hence a slice-by-slice analysis is not ideal and compromises
accuracy.

2.3 Proposed CNN-RNN Network Architecture

In order to leverage spatial inter-slice information within a volume, we propose
a neural network architecture composed of convolutional layers to extract hier-
archical features from a scan, followed by recurrent layers to capture the spatial
relationship of their responses. An overview of the network is shown in Figure
2. We designed and implemented our model in Keras [16], a Python API with a
TensorFlow [17] backend.




