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Bcckbone algorithm behind CranioRate™
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CranioRate™ Qutputs
MS S Metopic Severity Score

Quantifying the Severity of Metopic Craniosynostosis: A Pilot Study Application of
Machine Learning in Craniofacial Surgery

CranioRate "

Riddhish Bhalodia, BS," Lucas A. Dvoracek, MD,? Ali M. Ayyash, MD,? Ladislav Kavan, PhD,! Ross Whitaker, PhD," and
i 2 . .
Jesse. A Goldsteln, MD The Journal of Craniofacial Surgery. 2020;31(3):697.
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PEDIATRIC/CRANIOFACIAL: ORIGINAL ARTICLES

Quantifying the Severity of Metopic Craniosynostosis Using Unsupervised Machine Learning

Anstadt, Erin E. MD"; Tao, Wenzheng?; Guo, Ejay? Dvoracek, Lucas MD"; Bruce, Madeleine K. BA%; Grosse, Philip J.% Wang, Li% Kavan, Ladislav
PhDZ% Whitaker, Ross PhD? Goldstein, Jesse A. MD?
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ROC analysis demonstrated a high

K&

diagnostic value of MSS

ROC Curve
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MSS was equally
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Normal, Metopic, Sagittal and Post operative
MSS and CMD

CranioRate: An Image-Based, Deep-Phenotyping
Analysis Toolset and Online Clinician Interface
for Metopic Craniosynostosis
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Cranial Morphology Deviation
Figure - A scatter plot depicting the relationship between Metopic Severity Score and
Cranial Morphology Deviation in three groups of patients: normal controls, metopic
(Berieger et al, PRS, 2024) craniosynostosis, and postoperative scans following fronto-orbital advancement in Children’s
patients with metopic craniosynostosis. Hospital of Pittsburgh
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Post-op skulls move from “Anti-metopic” to
normal over time.

MSS and CMD Long-Term Follow-Up
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Pre-op severity Is iIndependent of immediate post-op
severity and associated with late post-op severity.

Preop vs. Postop and Long-Term Severity
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No correlation between
pre-op severity and
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Degree of Overcorrection is positively correlated
with more normal later term head shape

Immediate Postop vs Long-Term Severity
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3D photographs are comparable to
calculating MSS

Comparison of MSS Derived from CT Skin vs. CT Skull
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3D Photography to Quantify the Severity
of Metopic Craniosynostosis

MSS (3D photograph)

Madeleine K. Bruce, BA'# (0, Wenzheng Tao®*, Justin Beiriger, BSE',
Cameron Christensen?, Miles J. Pfaff, MD, MHS', Ross Whitaker, PhD?,
and Jesse A. Goldstein, MD' (0

(Bruce et al, CPCJ, 2023)
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Whitaker scores were negatively correlated with GH
IFA and positively correlated with MSS o

Whitaker Score

A Whitaker Score vs. IFA
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Machine Learning in Metopic Craniosynostosis:
Does Phenotypic Severity Predict Long-Term
Esthetic Outcome?
D. Blum, MSc* Justin Beiriger, BS,' Dillan F. Villavisanis BA* Carrie Morales MD,*

lessica D. A
Daniel Y. Cho, MD, PhD,* Wenzheng Tao, PhD,* Ross Whitaker, PhD,* Scott P. Bartlett, MD,*
. Taylor, MD* Jesse A. Goldstein, MD," and Jordan W. Swanson, MD, MSc*

(Blum et al, JCS, 2022)
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Higher MSS and CM
with Lower Neurocognitive Outcomes

Table 6. Correlation Coefficients and P-values for Severity Measures in Multivariable Linear Regression Models

D Scores Associated

Severity Measure Endocranial Adjusted Frontal Angle Bitemporal Metopic Severity Cranial
Bifrontal Angle Endocranial Biparietal Score Morphology
Bifrontal Angle Diameter Ratio Deviation
Neurocognitive Test B p B p B P B p B P B p
Beery VMI-1V
Visual Perception -0.05 0.84 -0.03 0.90 -0.38 0.37 | -70.88 0.18 | -0.17 0.84 -0.03 0.57
Motor Coordination 0.20 0.60 0.12 0.77 -0.44 0.48 14.26 0.85 0.39 0.76 0.07 0.40
Visuomotor Integration ~ 0.19 0.52 0.23 0.48 -0.24  0.61 50.55 0.54 | -1.16 0.21 -0.07 0.23
KTEA-3
Word Recognition 0.32 0.17 0.32 0.21 0.57 0.13 | -42.03 0.36 -0.66 0.40 -0.04 0.38
Reading Comprehension ~ 0.36  0.19 0.47 0.11 | 0.14 0.75 | -26.50 0.64 |-1.78 0.040%(-0.13 0.018*
Reading Composite 0.37 0.15 0.40 0.14 0.36 0.38 -42.25 0.42 -1.86 0.024* | -0.14 0.008*
Math Computation -0.02 0.94 0.10 0.77 0.52 0.31 | -97.94 0.12 -0.24 0.77 -0.01 0.85
Spelling 0.34 0.33 0.20 0.60 0.46 0.37 | -92.87 0.17 -0.35 0.73 -0.02 0.72

Beery VMI-IV: Beery-Buktencia Developmental Test of Visuomotor Integration, 6th Edition; KTEA-3: Kaufman Test of Educational

Achievement, 3rd Edition

(Alperovich et al, PRS, 23)

7
&

Higher MSS and CMD
scores correlated with
lower reading

comprehension and
composite scores in
school age children.
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Point-of-Care Tool

Upload
Staftistical shape

Anatomical plane Region of interest modeling
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Point-of-Care Tool
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Current Aims
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EXPAND TO OTHER FORMS
OF CRANIOSYNOSTOSIS
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Current Aims — Deep Phenotype

Imaging (CT, MR, 3D photo)

Shape model data

 Demographic data

* Pre-operative Neurocognative data

BUILD ASSOCIATIONS * Intervention type
WITH CRITICAL Comorbidities

g g/ CTORS . Genetic Triads (future)
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Current Aims — Data Movement
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Current Aims — Consortium

Develop Core and Extended
Consortia of Collaborators

Ready to
IRB DUA Share
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Human Subjects protection

Imaging Data Clinical Data

« De-identified
« Relatfive (not absolute) dates
« One-way encryption/hashing

CT and MR
images

of

Children’s & PMC

Hospital of Pittsburgh




IRB Schema

Extended Imaging plus pertinent

ReTrOSpeCﬂVG Arm Consorfium sites No CQHSGI’]T/ demographic and medical No neurocognitive data
(curren’rl 25+ recruitment data (i.e. age q’r scan,
Y ) gender, race, diagnosis, etc),

; Imaging plus pertinent
4 Core Recruit/ demographic and medical
consent data (i.e. age at scan,
po’rien’rs gender, race, diagnosis, etc),

Pre-operative
neurocognitive data.

Prospective Arm
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CranioRate™
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