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Presenter Notes
Presentation Notes
Hello, my name is Tamara Chambers, and I will be discussing the development of a statistical shape model of normal and dysplastic infant femurs. This research was performed in collaborative with the University of Utah and Orlando Health. 
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Hip Dysplasia in Infants 
Developmental Dysplasia of the Hip (DDH)
◦ Hip disorder

Abnormal development, instability, or 
misalignment
◦ Subluxation or dislocations

Risk factors
◦ Family history 
◦ Breech delivery
◦ Being born female
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Normal hip (A) and a dislocated hip (B) 
(Holmes, 2012)
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Presenter Notes
Presentation Notes
Hip dysplasia in infants is often referred to as Developmental Dysplasia of the Hip or DDH. It is a hip disorder that is associated with abnormal development, instability, or misalignment of the hip joint. Clinically, DDH refers to hips that are unstable, subluxated, or dislocated. Subluxation refers to there being partial contact between the femoral head and the acetabulum. Dislocation refers to there being no contact between the femoral head and the acetabulum. There are several risk factors that have been consistently shown to be associated with hip dysplasia. These include having a family history of hip dysplasia, being delivered in the breech position, and being born female. While these risk factors are associated with hip dysplasia, clinical evaluations still need to be performed to determine if hip dysplasia or DDH is present. 



Clinical Evaluations
Routine examinations of newborns
General inspection
◦ Asymmetric gluteal folds
◦ Limited abduction
◦ A positive “clunk” felt on the Ortolani maneuver (Riccabona and Gassner, 2014)
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Leg Abducted

Hip Reduced

Ortolani maneuver (Bracken et al., 2012) (Bracken et al., 2012)International Hip Dysplasia Institute

Presenter Notes
Presentation Notes
Newborns are routinely screened for hip dysplasia, especially if they exhibit some of the risk factors for DDH. These clinical exams usually include general inspection for signs of DDH, which may present itself as an asymmetric gluteal fold, limited abduction abilities of the infant, or a positive clunk felt during the Ortolani maneuver. The Ortolani maneuver is a common technique used to reduce a dislocated hip. During this, the hip is flexed and abducted and the femoral head is lifted into the acetabulum (Bauchner et al., 2007). When the femoral head makes contact with the hip socket, a “clunk” is felt. Other symptoms associated with hip dysplasia include shortening of the affected lower limb and asymmetrical skin creases. 



Statistical Shape Modeling (SSM)
A way to convert image data to meaningful information (Davies et al., 2008)
◦ Use statistical models to learn patterns of variability (i.e., dominant features or modes) in a class 

of objects (i.e., femurs)

Assumes each shape is a deformed version of a reference shape (Zheng et al., 
2017)
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Segmentation Pre-processing

• Aligning data

SSM

• Principal component 
analysis (PCA)

• CT or MRI scans

Presenter Notes
Presentation Notes
Now I will give some background information on statistical shape modeling. In the simplest of words, statistical shape modeling provides a way to convert image data to meaningful information. This is done by using statistical models to learn the dominant features in a class of objects. Segmentation using CT or MRI scans, or some combination of both. And then you can generate 3D surface models.Involves some form of pre-processing, with the goal of aligning the models.This step can also incorporate optimization methods as part of the alignment process in order to get the best results. Lastly, you build your statistical shape model. Principal Component Analysis is commonly used to find the modes of variation. Then you can develop a 3D shape model that represents the mean shape of the dataset.One assumption is that each shape is a deformed version of a reference shape. This allows for quantifying an object using only a limited number of parameters. It also allows you to estimate population statistics from a set of input data.



Particle-based SSM
Locations of correspondence particles are optimized to represent anatomically 
equivalent locations on each shape 
Particles are tracked over a set of shapes to objectively create a mean shape 
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Segmentation Pre-processing

• Aligning data

SSM

• Establish 
correspondence

• Principal component 
analysis (PCA)

• CT or MRI scans

Presenter Notes
Presentation Notes
A more specific form of SSM is using a particle based method. Particle-based SSM includes the same core initial steps as traditional shape modeling methods. However, there is an emphasis on establishing correspondence of points on the 3D models. Optimization is often used to learn which correspondence sets are the most efficient descriptors of the model. This is necessary since it’s been shown that varying the correspondence does affect the overall mean shape statistics.



Particle-based SSM
Principal component analysis (PCA) allows for the distillation of the shape 
variation into specific modes 
◦ Variation captured in modes can be used to understand the overall shape variation within the 

population
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Segmentation Pre-processing

• Aligning data

SSM

• Establish 
correspondence

• Principal component 
analysis (PCA)

• CT or MRI scans

Presenter Notes
Presentation Notes
After the set of corresponding particles have been optimized, the PCA modes can be computed. These modes can be used to understand the overall shape variation within the data set.Note: Each shape is represented by loading values for each mode of variation



SSM- Applications
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Automatic segmentation of brain 
structures (Shen et al., 2001) 

Facial recognition (Drira et al, 2013)

Predicting hip dysplasia 
development (Bonsel et al., 2022)

Cortical bone thickness 
variations (Atkins et al., 2016)

Changes in cartilage during walking and 
cycling (Gatti et al., 2022)
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Presenter Notes
Presentation Notes
Some applications where statistical shape modeling has been employed include automatic segmentation, facial recognition, analyzing variations in cortical bone thickness, predicting hip dysplasia development, and analyzing changes in cartilage. Other facial recognition: Dhamija and Dubey, 2022



Objectives
1. Quantify the anatomy of the infant femur using shape models
2. Assess the relationship between the variations in femur shape with the 

severity of hip dysplasia
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In our study, we would like to Quantify the anatomy of the infant femur using shape models and Assess the relationship between femur shape variations and severity of hip dysplasia.Gain more insight into how the variations in the femur shape may affect the growth and development of the hip joint 



Padua Collection
Postmortem infant specimens
Compiled and classified by Ortolani
◦ Includes both normal and dysplastic hips

University of Padua, Italy
CT scans
◦ 4 specimens (8 femurs)
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Dr. Ortolani (Mubarak, 2014)

Presenter Notes
Presentation Notes
Now moving on to the methodology. The specimens used in this study were from the Padua collection. These are postmortem infant specimens that were compiled and classified by Dr. Ortolani throughout his career. Ortolani performed dissections of infants with both normal and dysplastic hips. The dysplastic hips ranged from mild cases of dysplasia to severe cases. Some years back, a few team members got the privilege to travel to the University of Padua in Italy and obtain measurements of the collection. They took measurements of 14 specimens and obtained CT scans of 4 specimens. These CT scans were used to build our shape models.



Developing 3D surface models
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Import CT scans Segmentation Create surface 
model

Export STL

Presenter Notes
Presentation Notes
The process we used for developing the 3D models included importing the CT scans into Simpleware ScanIP, which is a proprietary software used for 3D image processing and model generation. The next steps that were performed were segmentation, create the surface models, and export the STL files. The same process was completed for all 8 femurs.



Segmentation
Segment using threshold of -350
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Presentation Notes
For the segmentation process, all data in the CT scans that had a greyscale value of -350 and higher was captured for every 2D slice. This allowed us to perform an automatic segmentation process. We used the same threshold value for all 8 femurs.



Segmented 3D surface models
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Specimen 387 Specimen 30Specimen 239 Specimen 398

Presenter Notes
Presentation Notes
The final surface models were then exported as binary STL files. Here is an overview of all 8 models that were developed.



Particle-based SSM Process
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Presenter Notes
Presentation Notes
ShapeWorks was used to develop the statistical shape models. It is an open-source software that includes tools for preprocessing data, computing particle-based shape models, and visualizing the results.



SSM - Preprocessing
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Import STLs

Preprocessing

Optimization

Analyze

Align femurs

Scale

Reflection Rotation

Translation

Presenter Notes
Presentation Notes
The first step is to import your STL files into the software.The next step is to inspect the data and perform some preprocessing. The main goal of this step was to align the femurs. This was done by first reflecting the right femurs to appear as left femurs. Next, rotation, translation, and scale were removed from the models because they are unrelated to the overall shape of the geometry. This was also done to make sure that all femurs were in a common coordinate frame.



SSM - Optimization
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Import STLs

Preprocessing

Optimization

Analyze

Align femurs

Correspondence

Multi-Scale Particle Optimization

Presenter Notes
Presentation Notes
Next was the Optimization step. In this step, the correspondence was established by iteratively splitting and optimizing the particles for correspondence. 



SSM - Optimization
512 particles
1000 iterations per split
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30L 30R 239L

398R398L

387L 387R239LR

Presenter Notes
Presentation Notes
512 particles were iteratively split with 1000 iterations per split. The video shows the optimization process starting from 0 particles and going to 128 correspondence particles. 






SSM – PCA Modes
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Import STLs

Preprocessing

Optimization

Analyze

Align femurs

Correspondence

PCA modes

Presenter Notes
Presentation Notes
The last step was the analysis step. The main objective of this step was to obtain the modes of variation and the average shapes



SSM – PCA Modes
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Mode 1 – 60.2% Mode 2 – 15.5% Mode 3 – 13.2% Mode 4 – 8.5%
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Presenter Notes
Presentation Notes
We ended up keeping 4 modes that accounted for 97.5% of the cumulative variation in the shape of the femur. 



SSM – Preliminary Results – PCA 
Mode 1 – 60.2% Mode 2 – 15.5% Mode 3 – 13.2% Mode 4 – 8.5%

Range: -2STD to +2STD

Presenter Notes
Presentation Notes
Now getting into the preliminary results. Here I am showing the 4 PCA modes with the first mode accounting for 60% of the explained variance in the femurs. There is then a significant drop-off when looking at modes 2, 3, and 4. 















SSM – Preliminary 
Results – PCA Mode 1

Mode 1: 60.2%
◦ Neck shaft angle
◦ Greater trochanter
◦ Shaft and distal width
◦ Prominence of condyles
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-2STD                     +2STD

Neck Angle

Presenter Notes
Presentation Notes
Looking at each mode individually, in our dataset, we found that Mode 1 represents the changes in the neck-shaft angle, the prominence of the greater trochanter, the changes in the width of the shaft and distal end of the femur, and the prominence of condyles (cumulative variance 60.2%). We can also see that mode 1 is able to capture the most variation in the system.



SSM – Preliminary 
Results – PCA Mode 2

Mode 2: 15.5 %
◦ Femoral head
◦ Medial-lateral angle of condyles

Cumulative variance: 75.8%
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-2STD                     +2STD

Presenter Notes
Presentation Notes
Mode 2 represents the formation of the femoral head and the changes in the medial-lateral angle of femoral condyles (cumulative variance 75.8%)



SSM – Preliminary 
Results – PCA Mode 3

Mode 3: 13.2%
◦ Sphericity of femoral head
◦ Trochanter prominence
◦ Condyles prominence

Cumulative variance: 89.0%
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-2STD                     +2STD

Presenter Notes
Presentation Notes
Mode 3 represents the sphericity of the femoral head, the prominence of the greater trochanter, and prominence of the femoral condyles (cumulative variance 89.0%)



SSM – Preliminary 
Results – PCA Mode 4

Mode 4: 8.5%
◦ Femoral neck definition

Cumulative variance: 97.5%
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-2STD                     +2STD

Presenter Notes
Presentation Notes
Lastly, Mode 4 represents the definition of femoral neck (cumulative variance 97.5%)



SSM – Preliminary 
Results 

Generally good correspondence 
Some challenges that require 
segmentation clean up
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30L 30R 239L

398R 398L

239R 387L 387R

Presenter Notes
Presentation Notes
In general, we found a good correspondence in the shape model despite the small sample size. We found that there may have been some issues with our models that were affecting the correspondence, which can be clearly seen in specimen 398 in both the left femur and the right femur. After looking at the photographs of this specimen side-by-side with the 3D models and the CT scans, we discovered that the artefacts on the femur are likely due to an improper dissection, that ended up making its way into the segmented models. 



SSM – Preliminary 
Results  

Some challenges that require 
segmentation clean up
◦ Medial and lateral condyles
◦ Medial and lateral epicondyles
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387 Left Femur 387 Right Femur

Presenter Notes
Presentation Notes
We went through each femur and identified regions that needed to be manually cleaned. In specimen 387, there is some manual cleanup that needs to be done around the medial and lateral condyles and the medial and lateral epicondyles. 



SSM – Preliminary 
Results 

Some challenges that require 
segmentation clean up
◦ Femoral shaft
◦ Medial and lateral condyles
◦ Femoral head

27

398 Right Femur398 Left Femur

Presenter Notes
Presentation Notes
For this specimen, we identified regions along the femoral shaft, the condyles, and the femoral head. 



SSM – Preliminary 
Results 

Some challenges that require 
segmentation clean up
◦ Medial condyle
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30 Right Femur30 Left Femur

Presenter Notes
Presentation Notes
Specimen 30 requires little cleanup, just around the medial condyle.



SSM – Preliminary 
Results 

Some challenges that require 
segmentation clean up
◦ Femoral shaft

29

239 Right Femur239 Left Femur

Presenter Notes
Presentation Notes
The last specimen requires some cleanup along the femoral shaft.



Future Work
Quantify the anatomy of the infant femur using shape models
◦ Manual segmentation 
◦ Build statistical shape models of the cleaned femurs
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Presentation Notes
Our first objective was to quantify the anatomy of the femur using shape models. We started this process and showed some preliminary results. The next step will be to clean the models and build new shape models. Difficult to distinguish between cartilage and surrounding soft tissue



Future Work
Quantify the anatomy of the infant femur using shape models
◦ Manual segmentation 
◦ Build statistical shape models of the cleaned femurs

Assess the relationship between the variations in femur shape with the severity of 
hip dysplasia in the current models
◦ Request access to the entire Padua collection
◦ With a larger collection, we can possibly make conclusions about the femur
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For our second objective, we were hoping to assess the relationship between the variations in the femur shape and the severity of hip dysplasia. However, to do this, we need a larger sample size. With only 8 femurs we cannot make any assumptions or conclusions about hip dysplasia. So, our next steps are to request access to the entire collection and develop a shape model representative of hip dysplasia in infants. As of right now though, our preliminary results provide us with a proof of concept and a good starting point.Other parameters we are thinking of assessing:Pelvic inclinationPelvic tilt



Related Presentations & ShapeWorks
Workshop
Related Presentations
◦ 11:35 pm – Combination of Statistical Shape Modeling and Statistical Parametric Mapping to 

Quantify Cartilage Contact Mechanics in Hip Dysplasia
◦ 1:55 pm – Application of Statistical Shape Modeling to Predict Clinical Metrics of Femoral Head 

Coverage in Patients with Developmental Dysplasia

ShapeWorks workshop tomorrow at 10:45 will include a live demo
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The last thing I would like to mention is that there will be two related presentations today on statistical shape modeling. And, there will be a Shapeworks workshop tomorrow at 10:45 am.
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Questions
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Appendix
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Segmentation – Refinement – 398L
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Segmentation – Refinement – 398L

Presenter Notes
Presentation Notes
Issues with segmentation transfer to the shape models and may affect results (including images with problem areas)



Segmentation – Refinement – 398L
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Segmentation – Refinement – 398L
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Segmentation – Refinement – 398L

40

Presenter Notes
Presentation Notes
SegmentationRequires cleaning the models manually



Segmentation – Refinement – Challenges
Distinguishing between soft tissue and cartilage
Split region tool does not work in this situation => Requires manual segmentation
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Presenter Notes
Presentation Notes
Difficult to distinguish between cartilage and surrounding soft tissue


	Statistical Shape Model of Infant Femurs and the Relationship with the Severity of Hip Dysplasia
	Overview
	Hip Dysplasia in Infants 
	Clinical Evaluations
	Statistical Shape Modeling (SSM)
	Particle-based SSM
	Particle-based SSM
	SSM- Applications
	Objectives
	Padua Collection
	Developing 3D surface models
	Segmentation
	Segmented 3D surface models
	Particle-based SSM Process
	SSM - Preprocessing
	SSM - Optimization
	SSM - Optimization
	SSM – PCA Modes
	SSM – PCA Modes
	SSM – Preliminary Results – PCA 
	SSM – Preliminary Results – PCA Mode 1
	SSM – Preliminary Results – PCA Mode 2
	SSM – Preliminary Results – PCA Mode 3
	SSM – Preliminary Results – PCA Mode 4
	SSM – Preliminary Results 
	SSM – Preliminary Results  
	SSM – Preliminary Results 
	SSM – Preliminary Results 
	SSM – Preliminary Results 
	Future Work
	Future Work
	Related Presentations & ShapeWorks Workshop
	Acknowledgement
	Questions
	Appendix
	Segmentation – Refinement – 398L
	Segmentation – Refinement – 398L
	Segmentation – Refinement – 398L
	Segmentation – Refinement – 398L
	Segmentation – Refinement – 398L
	Segmentation – Refinement – Challenges

