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Craniosynostosis

» Early fusion of one or more cranial sutures. It affects ~1 in 1,600 - 1,800 live births.
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Traditional management of craniosynostosis

Post-surgical evaluation
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[Mendoza et al, Personalized assessment of craniosynostosis via statistical shape modeling, Med Imag Anal, 2014]
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[Porras et al, Locally Affine Diffeomorphic Surface Registration and Its Application to Surgical Planning of Fronto-Orbital Advancement, IEEE Trans Med Imag, 2018]




Our previous work

Pre-surgical evaluation Treatment Post-surgical evaluation

Craniosynostosis identification Identification of single fused suture

“* 95% sensitivity, 96% specificity ** Sagittal: 100% sensitivity, 99% specificity
** Unicoronal: 100% sensitivity, 99% specificity
** Metopic: 94% sensitivity, 100% specificity

[Porras et al., Quantification of Head Shape from Three-Dimensional Photography for Presurgical and Postsurgical Evaluation of Craniosynostosis, Plast Reconst Surg, 2019]



Challenges

Pre-surgical evaluation Treatment Post-surgical evaluation

» Cannot quantify local volumetric anomalies in the context of age and sex

» Pre-surgical evaluations are not accurate at the time of surgery

» Post-surgical evaluation cannot be contextualized and interpreted
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Craniosynostosis is a developmental disorders and must be studied as such
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Al can learn personalized growth without longitudinal data
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Developmental modeling

Predictive model of craniosynostosis

Normative reference model

Local thickness reference

A3‘5 —— Metopic suture
—— Frontal bones

— Metopic Suture

= Coronal Sutures
Saggital Suture

== Lambdoid Sutures

[Liu et al, Data-driven Normative Reference of Pediatric Cranial Bone
Development, Plast Rec Surg GO, 2022]
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[Liu et al, Data-driven cranial suture growth model enables predicting

kphenotypes of craniosynostosis, Sci Rep, 2023]













Developmental generative modeling

mm Shape distance (mm)| Volume difference (L)
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Quantitative characterization of development
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[EIkhill et al, Geometric learning and statistical modeling for surgical outcomes evaluation in craniosynostosis using 3D photogrammetry, Comp Meth Prog Biomed, 2023]




Our previous work

Pre-surgical evaluation Treatment Post-surgical evaluation

Frontal skull

Evaluation of cranial growth ~ Evaluation of increased intracranial pressure ~

*»» Current: simple non-descriptive metrics » Subjective evaluation of unspecific symptoms of
L chronic or non-acute intracranial pressure increase

National Institute of Dental
and Craniofacial Research




|dentification of increased intracranial pressure

ICH - neoplasm Normative
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|dentification of increased intracranial pressure

® Normative @ Chronic intracranial hypertension
® Non-syndromic sagittal craniosynostosis ROC curve
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[Liu et al, Cranial bone thickness and density anomalies quantified from CT images can identify chronic increased intracranial pressure, Neurorad, 2024]



Clinical translation

) Optimizing clinical workflows with SHAPE
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[Gorg et al, SHAPE: a visual computing pipeline for interactive landmarking of 3D photograms and patient reporting for assessing craniosynostosis, Under review]
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Clinical translation

) Automated EHR reports

Craniofacial measurements

Local malformations
Visit 2

Visit 3

Visit 1

Date of original image [N I NN [ HSA Index Craniosynostosis risk score %
Age at image (months) 329 8.32 131 3.0 100 ° >
Biocular Width 69.96 7098 7257 80
Cephalic Index 66.36 69.21 7225 8 o ,
Cranial Vault Asymmetry Index 1.00 1.02 102 26
Craniosynostosis risk score % 100.00 8262 0.00 40 o E
Cutaneous Upper Lip Height 1026 828 957 2.4 20
Face Height 7130 77.84 88.19 2
Face Width 8470 2475 8853 22 i T 7 " 0 : p : o
Forehead Width 91.44 9469 97.24 N AGE at image (months) Age at image (months) ____/
Head Circumference 261892 270533  2829.90 Intracranial Volume Sag-Ex-T Cephalic Index 3.29 months old - 8.32 months old 11.31 months old
Head Height 15151 158.59 177.02 72 5
Head Length 150.83 157.35 160.47 1200
Head Width 10312 108.91 115.94 1100 71
HSA Index 301 257 221 B £ 2
Intercanthal Width 2472 2572 2653 1000 c
Intracranial Volume Level 2 to 10 569.16 842,09 673.96 6 ° £
Intracranial Volume Sag-Ex-T 86138 119092  1254.10 900 S
Lower 1/3 Face Depth LEFT 59.58 52.81 63.01 4 6 8 10 4 6 8 10
Lower 1/3 Face Depth RIGHT 5727 48.98 60.55 Age at image (months) Age at image (months)
Lower 1/3 Face Height 4063 4207 5451 Head Circumference =
Lower 1/3 Face Helght-Mandible 33.80 3613 59 - 3.29 months old s - 8.32 months old s
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Middle /3 Face Depth LEFT 7413 80.30 85.29 2750 ]
Middle 1/3 Face Depth RIGHT 7397 8043 8430 2 2
Nasal Asymmetry (Alar to Tip) 079 11 114 2700
Nasal Tip Protrusion 10.76 1.24 14.31 2650 4 0 g o g
Nosa Height 2469 27.47 2766
Nose Width 2383 2320 28.41 2 & a3 10 -2 -2
Orbital Asymmetry 035 0.36 037 Age at image (months)
Upper Face Height 827 10.50 751
Upper Lip Vermillion Height 577 512 3063 - 3.29 months old - - 8.32 months old - 11.31 months old

[Gorg et al, SHAPE: a visual computing pipeline for interactive landmarking of 3D photograms and patient reporting for assessing craniosynostosis, Under review]
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Why data science and Al?

Pre-surgical evaluation

Pediatric craniofacial biobank
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