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

Single suture 
fusion
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Traditional management of craniosynostosis
Open surgery

Endoscopic surgery

Pre-surgical evaluation Post-surgical evaluation
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Our previous work
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Patient

MalformationsNormative cranial shape variability

[Mendoza et al, Personalized assessment of craniosynostosis via statistical shape modeling, Med Imag Anal, 2014]

Our previous work
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Pre-surgical evaluation Treatment Post-surgical evaluation
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Cranial shape



Our previous work

[Porras et al, Locally Affine Diffeomorphic Surface Registration and Its Application to Surgical Planning of Fronto-Orbital Advancement, IEEE Trans Med Imag, 2018]
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TreatmentPre-surgical evaluation Post-surgical evaluation

Personalized 
osteotomy alternatives

Optimal 
outcome

Translation

Rotation

Bending

Personalized 
reference

Patient Plan 1 Plan 2 Plan 3 Plan 4



Our previous work

[Porras et al., Quantification of Head Shape from Three-Dimensional Photography for Presurgical and Postsurgical Evaluation of Craniosynostosis, Plast Reconst Surg, 2019]
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Craniosynostosis identification
 95% sensitivity, 96% specificity

Identification of single fused suture
 Sagittal: 100% sensitivity, 99% specificity
 Unicoronal: 100% sensitivity, 99% specificity
 Metopic: 94% sensitivity, 100% specificity

CT 3D photogrammetry

=

TreatmentPre-surgical evaluation Post-surgical evaluation



Challenges
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TreatmentPre-surgical evaluation 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



Challenges
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Treatment

Craniosynostosis is a developmental disorders and must be studied as such

Pre-surgical evaluation Post-surgical evaluation



AI can learn personalized growth without longitudinal data
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[Liu et al, MICCAI, 2022] [Liu et al, IEEE Tans Med Imag, 2023]

[Elkhill et al, MICCAI, 2022][Elkhill et al, Comp Meth Prog Biomed, 2023]

CT

3D Photogrammetry

[Porras et al, IEEE Trans Biomed Eng, 2022]

Standardization
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Developmental modeling
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Normative reference model
Local thickness reference

Local density reference

Predictive model of craniosynostosis

Metopic Sagittal Right coronal

[Liu et al, Data-driven Normative Reference of Pediatric Cranial Bone 
Development, Plast Rec Surg GO, 2022]

[Liu et al, Data-driven cranial suture growth model enables predicting 
phenotypes of craniosynostosis, Sci Rep, 2023]
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Developmental generative modeling
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Method PSNR Shape distance (mm) Volume difference (L)
cGAN 22.41 ± 3.91* 7.54 ± 4.05* 0.28 ± 0.22*
cVAE 22.32 ± 3.82* 6.62 ± 3.41* 0.24 ± 0.20*

AB-GAN 25.41 ± 2.28* 6.39 ± 3.36* 0.27 ± 0.19*
Baseline 24.06 ± 3.01* 5.92 ± 2.96* 0.20 ± 0.17*
TID-GAN 25.22 ± 2.35 4.89 ± 2.76* 0.16 ± 0.12*
REC-GAN 25.52 ± 2.33 4.92 ± 3.01* 0.18 ± 0.11*
Proposed 25.55 ± 2.21 4.66 ± 2.66 0.14  ± 0.12

A

B

* statistical significance

6 months 2.5 years 4.5 years 6.5 years 8.5 years



Quantitative characterization of development

Head shape anomaly (HSA) index

Craniosynostosis phenotype risk 
score (CRS)

Reference of 
development

Real-time anatomy standardization

AI

[Elkhill et al, Geometric learning and statistical modeling for surgical outcomes evaluation in craniosynostosis using 3D photogrammetry, Comp Meth Prog Biomed, 2023]

Local volume anomalies (ml)

3D photogrammetry

CT imaging

or
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Our previous work

14

TreatmentPre-surgical evaluation Post-surgical evaluation

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

Evaluation of cranial growth

 Ongoing research

ML
?

Evaluation of increased intracranial pressure



Identification of increased intracranial pressure
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ICH - neoplasm Normative

Male, 7 years and 8 months old

De
ns

ity



Identification of increased intracranial pressure
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ROC curve

 Sensitivity: 83.33%

 Specificity: 87.13%

[Liu et al, Cranial bone thickness and density anomalies quantified from CT images can identify chronic increased intracranial pressure, Neurorad, 2024]

Normative Chronic intracranial hypertension
Non-syndromic sagittal craniosynostosis



Clinical translation
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 Optimizing clinical workflows with SHAPE
Inter-operator variability (mm)

Landmark Type Vultus (vendor)
1 3.30 ± 2.56
2 10.68 ± 7.10
3 11.62 ± 11.87

Average 7.30 ± 7.80

[Görg et al, SHAPE: a visual computing pipeline for interactive landmarking of 3D photograms and patient reporting for assessing craniosynostosis, Under review]



Clinical translation
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 Automated EHR reports

[Görg et al, SHAPE: a visual computing pipeline for interactive landmarking of 3D photograms and patient reporting for assessing craniosynostosis, Under review]



Why data science and AI?
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TreatmentPre-surgical evaluation Post-surgical evaluation

…

?
Pediatric craniofacial biobank



Thank you!
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