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Background

Ultrasound (US) imaging is widely used for

diagnosing hip dysplasia in newborns. Current

methodologies, such as the Graf classification, are

sensitive, but:

* Limited in precision

* Limited in clinical prognostic ability.

 Use only a few geometric data points per image
(Graf classification)

The consequences, prognostic patterns for hip
development could be missed, leading to:
 QOvertreatment (natural development would
nave been benign)

 Undertreatment (hips with residual dysplasia at
ater age not recognized early)

Objectives

This study aimed to improve the prediction of the
clinical course and outcomes at age five of decentered
dysplastic hips in neonates by identifying acetabular
shape variants based on 13 anatomical landmarks in
standardized ‘Graf’ US images using a statistical shape
model (SSM).

Methodology

A statistical shape model (SSM) was developed with
baseline US images.

* 92 patient with untreated decentered dysplastic hips
Graf type D/III/IV age < 6 months.

* Perimage 14 landmarks (‘data points’)
 Qutcome Statistical Shape Variants (or ‘Modes’)

 Qutcome associations between Modes and
Outcomes (Corrective surgery or residual dysplasia at
age 5)
 Both univariate and multivariable regression
models.

Statistical Shape Modelling (SSM)

Statistical shape modeling (SSM) is a quantitative imaging
technique that captures anatomical variation within a
population by aligning shapes and decomposing variability
into distinct modes. These modes represent independent
shape characteristics that can be correlated with clinical
outcomes. By providing a compact and reproducible
description of complex anatomy, SSM enables objective
cohort comparisons and identification of clinically relevant
phenotypes.

With the SSM, underlying acetabular shape variants (of
phenotypes) were identified:
* 4 Shapes variants explaining 95% of acetabular shape
variance.

* Mode 1 59% shape variance

* Mode 2 23% shape variance

* Mode 3 10% shape variance

* Mode 4 3% shape variance

* Mode 1 associated with less risk for surgery (OR:
0.56 (95% Cl 0.33-0.96)

* Mode 4 associated with an any unfavorable outcome
(odds ratio (OR): 1.80 (95% Cl 1.12—-2.90)
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Conclusion

SSM can be used to quantify and analyze acetabular

shapes on US images of untreated decentered dysplastic
hips (Graf D, lll, IV). This analytic method could lead to
identifying hips at risk for adverse outcomes at age five

Four distinct acetabular shape modes were identified
using SSM, based on 13 anatomical landmarks, which
explained 95% of the variation in acetabular shape. Two
shape modes were significantly associated with outcomes
at age five.

While current analytical methods, such as the Graf
method, lack prognostic ability, this study shows the

potential of SSM as a clinically relevant tool for developing
personalized follow-up strategies and guiding treatment
decisions in developmental hip dysplasia.
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