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Professor Hans Goldmann ð Invention ð Design ð Development - Discovery 

1937 - Invented the mirrored gonio-lens

1938 - Developed the modern slit lamp

1941 - Determined the volume of the Anterior Chamber

1945 - Detected the aqueous veins

1945 - Invented the Goldmann perimeter

1949 - Designed the three-mirror fundus lens

1950 - Developed fluorometric methods to measure

   aqueous flow and outflow facility 

1954 - Invented the applanation tonometer 

Courtesy of Anders Heijl  
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  Previous Consultant ð no personal income, no intellectual property
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Past Funding
Optic Nerve Head Research Laboratory (ONHRL)

NIH R01EY011610 - NHP ONH Aging and Experimental Glaucoma, PI 

NIH R01EY021281 - ONH OCT in Glaucoma, PI 

NIH R01EY029087- ONH Glymphatics / Debris Clearance in Glaucoma, Co-I (Marsh-Armstrong, PI)

Legacy Good Samaritan, Devers Eye Institute Foundation

Sears Trust for Medical Research

Alcon Research Institute  Award Monies
RPB Career Development Award Monies

Whitaker Foundation Award Monies

AHAF ï Bright Focus Award Monies

American Glaucoma Society ï Mid-Career Award Monies

Lewis Rudin Glaucoma Prize Monies
Association of International Glaucoma Societies (AIGS) Award Monies

Heidelberg Engineering ï Instruments and Unrestricted Research Support
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Burgoyne ï DEI ONHRL  

Devers Eye Institute ï Discoveries in Sight  Collaborators

Brad Fortune OD, PhD Shaban Demirel BScOptom, PhD Stuart Gardiner, PhD Steve Mansberger, MD  MPHLin Wang, MD,  PhD

Devers Eye Institute (DEI) 
Optic Nerve Head Research Laboratory (ONHRL) Collaborators

Jack Cioffi, MD
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Harry Quigley 1990 Lecture at Armed Forces Institute of Pathology ð Washington, DC

I was filled with a confluence of excitement / enthusiasm / gratitude and urgency!
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Harry Quigley 1990 Lecture at Armed Forces Institute of Pathology ð Washington, DC

I felt that my exposure to Architecture and Engineering had prepared me to study these tissues ð 
and now knew the next step for doing soé.. 

Burgoyneï2024 GoldmannïGRS Website



Harry Quigley / Don Zack - Wilmer Glaucoma Clinical/Research Fellowship 1991 -1993

Longitudinal in -vivo ONH surface 
hypercompliance then stiffening in Monkey 
early-endstage experimental glaucoma eyes.  

Burgoyne, et al, Ophthalmology 1995 Burgoyne, et al, Ophthalmology 1995

Burgoyneï2024 GoldmannïGRS Website



Progressive Stiffening (only) in Transection Eyes

Burgoyne, et al, Ophthalmology 1995 Burgoyne, et al, Ophthalmology 1995

Harry Quigley /  Don Zack - Wilmer Glaucoma Clinical/Research Fellowship 1991 -1993
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But all of this was based on the ONH surface!!!

Burgoyne, et al, Ophthalmology 1995 Burgoyne, et al, Ophthalmology 1995

Harry Quigley /  Don Zack - Wilmer Glaucoma Clinical/Research Fellowship 1991 -1993

Burgoyneï2024 GoldmannïGRS Website



I wanted to generate digital 3D Optic Nerve Head 
Anatomy / Morphology / Electron Microscopy   

Burgoyne, et al, Ophthalmology 1995 Burgoyne, et al, Ophthalmology 1995

Harry Quigley /  Don Zack - Wilmer Glaucoma Clinical/Research Fellowship 1991 -1993

Burgoyneï2024 GoldmannïGRS Website
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VISUALIZATION IS A 
HYPOTHESIS FORMING STEP!!!
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3D VISUALIZATION 
of ONH  Anatomy and Morphology 

is ESSENTIAL to 
understanding its complexity.

Burgoyneï2024 GoldmannïGRS Website



From 2D ONH SEM 1980s

Digital 3D ONH Anatomy / Morphology / Electron Microscopy 

To High Resolution Digital 3D HMRN
Burgoyneï2024 GoldmannïGRS Website



Engineers
Å Ross Ethier, PhD 

Å Richard Hart, PhD 1995-2005

Å Crawford Downs, PhD 1995-2012

Å Anthony Bellezza, PhD 1995-2003

Å Ian Sigal, PhD

Å Michael Girard, PhD

Å Hongli Yang, PhD

Å Rafael Grytz, PhD

Å Michael Roberts, PhD

Å Massimo Fazio, PhD

Å Vick Nguyen, PhD

Å Baptiste Coudrillier, PhD

Å Jonathan Vande Geest, PhD

Å Andrew Feola, PhD
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ONH Biomechanics
Incomplete list of Contributors to the Field

Richard Hart, PhD

Chairman Department of 

Biomechanical Engineering

Tulane University ï New Orleans, LA

 

Crawford Downs, PhD Anthony Bellezza, PhD 

ARVO ï New Orleans -  2023

In New Orleans in 1995 I was given the
Gift  of a Generous Engineering Collaborator

Burgoyneï2024 GoldmannïGRS Website



To Build Biomechanical 
Engineering Finite Element Models 

of the ONH tissues  we needed 
high-resolution, digital 3D 

Histomorphometric  reconstructions 
(3D HMRNs) of the ONH 

Connective Tissues

Burgoyneï2024 GoldmannïGRS Website



Monkey and Human ONH 3D Histomorphometric  Reconstruction

Ponceau S/Acid Fuchsin Block Surface Staining 
Developed by Anthony Bellezza  / Crawford Downs

Technically  Accomplished by 
Juan Reynaud, MScE

Crawford Downs, PhD Anthony Bellezza, PhD 
ARVO ï New Orleans -  2023

Juan Reynaud, MScE

900 serial, 1.5 micron sections
900 serial, collagen-stained, block-face images

6 mm ONH trephine
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900 serial, 1.5 micron sections
900 serial, collagen-stained, block-face images

Monkey and Human ONH 3D Histomorphometric  Reconstruction

1.5 x 1.5 micron section image pixel resolution
1.5 x 1.5 x 1.5 µm voxel resolution

(Human Eye Tissue Courtesy Chris Girkin, MD)Burgoyneɀ2024 GoldmannɀGRS Website



Burgoyne
2024 Goldman
GRS Website
Human Eye Courtesy Chris Girkin, MD 

Click Here for Human Eye Digital Serial 

Block-Face Section Images
From Vitreous through the orbital optic nerve

PENDING AS OF 111524 



BMO

3D Histomorphometric  Review of ONH Anatomy/Morphology

Burgoyneɀ2024 GoldmannɀGRS Website



BMO

Penetrating PCAs to Laminar Beams and 
Juxtacanalicular-Choroid

3D Histomorphometric  Review of ONH Anatomy/Morphology
pNC-Scleral Collagen-Elastin 

Ring

Burgoyneɀ2024 GoldmannɀGRS Website



BMO

Penetrating PCAs to Laminar Beams and 
Juxtacanalicular-Choroid

Cioffi and Van Buskirk. The Glaucomas: Basic Science. 1996

Penetrating 
Laminar 

Beam

Arterial

Penetrating 
Juxtacanalicular 

Choroidal 

Arterial

3D Histomorphometric  Review of ONH Anatomy/Morphology
pNC-Scleral Collagen-Elastin 

Ring
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BMO

Penetrating PCAs to Laminar Beams and 
Juxtacanalicular-Choroid

Circle of Zinn-Haller

Sub-
Arachnoid 

space

Pial
Sheath

3D Histomorphometric  Review of ONH Anatomy/Morphology
pNC-Scleral Collagen-Elastin 

Ring
pNC-Scleral Collagen-Elastin

 Ring
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BMO

Penetrating PCAs to Laminar Beams and 
Juxtacanalicular-Choroid

Circle of Zinn-Haller

Sub-
Arachnoid 

space

Dural Sheath Collagen-Elastin Ring

Circle of Zinn-Haller

Sub-
Arachnoid 

space

Pial
Sheath

3D Histomorphometric  Review of ONH Anatomy/Morphology
pNC-Scleral Collagen-Elastin 

Ring
pNC-Scleral Collagen-Elastin

 Ring
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BMO
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Dural Sheath Collagen-Elastin Ring
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Sub-
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space

Pial
Sheath

Dural Sheath Collagen-Elastin Ring

Sub-
Arachnoid 

Space
360

3D Histomorphometric  Review of ONH Anatomy/Morphology
pNC-Scleral Collagen-Elastin 

Ring
pNC-Scleral Collagen-Elastin

 Ring
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3D Histomorphometric  Review of ONH Anatomy/Morphology

BMO

Penetrating PCAs to Laminar Beams and 
Juxtacanalicular-Choroid

Circle of Zinn-Haller

Sub-
Arachnoid 

space

Dural Sheath Collagen-Elastin Ring

Circle of Zinn-Haller

Sub-
Arachnoid 

space

Pial
Sheath

Dural Sheath Collagen-Elastin Ring

Sub-
Arachnoid 

Space
360 Projected Dural Sheath Insertion

BMO

pNC-Scleral Collagen-Elastin 
Ring

pNC-Scleral Collagen-Elastin
 Ring

Burgoyneɀ2024 GoldmannɀGRS Website



The ONH is much LARGER than the Clinical òOptic Discó

Morphologically 
the lateral boundary 

of the ONH is a 
continuum that can be 
estimated by the optic 

nerve dural sheath 
insertion.

Burgoyneɀ2024 GoldmannɀGRS Website



The ONH is much LARGER than the Clinical òOptic Discó

Biomechanically 
the ONH should 
include the pNC-

collagen-elastin ring, 
the posterior ciliary 
vasculature and the 
retrolaminar dural  

sheath and optic nerve

Burgoyneɀ2024 GoldmannɀGRS Website



Paradigm Change From the Clinical òOptic Discó to ONH Anatomic  Terminology

ÅClinical ñOptic Discò
Iconic Clinical Exam Landmark since Helmholtzôs 

Direct Ophthalmoscope (1851) 

Burgoyneς2024 GoldmannςGRS WebsiteBurgoyneɀ2024 GoldmannɀGRS Website



ÅClinical ñOptic Discò
Iconic Clinical Exam Landmark since Helmholtzôs 

Direct Ophthalmoscope (1851) 

ÅNo Consistent Anatomic Foundation by 

Histology / OCT

Paradigm Change From the Clinical òOptic Discó to ONH Anatomic  Terminology

Burgoyneɀ2024 GoldmannɀGRS Website



NT

ÅHistologic

ÅBruchôs Membrane Opening (BMO)

Å(ONH neural canal entrance)
ÅOCT-Detected BMO

Å(ONH neural canal entrance)

Estimated Location

Sectioning Plane

Paradigm Change From the Clinical òOptic Discó to ONH Anatomic  Terminology

Burgoyneɀ2024 GoldmannɀGRS Website



NT

ÅONH Neural Canal

Å(RGC axon pathway through the sclera)

BMO ï Bruchôs Membrane Opening

ASCO ï Anterior Scleral Canal Opening

PSCO ï Posterior Scleral Canal Opening

Neural Canal

ÅOCT-Detected BMO

Å(ONH neural canal entrance)

Estimated Location

Sectioning Plane

Paradigm Change From the Clinical òOptic Discó to ONH Anatomic  Terminology
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N

ÅONH Neural Canal

Å(3 anatomic openings)

BMO ï Bruchôs Membrane Opening

ASCO ï Anterior Scleral Canal Opening

PSCO ï Posterior Scleral Canal Opening

ÅOCT-Detected BMO

Å(ONH neural canal entrance)

Estimated Location

Sectioning Plane

Paradigm Change From the Clinical òOptic Discó to ONH Anatomic  Terminology
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N

ÅONH Retrolaminar Optic Nerve

Å(Retrolaminar Myelinated RGC axons)

BMO ï Bruchôs Membrane Opening

ASCO ï Anterior Scleral Canal Opening

PSCO ï Posterior Scleral Canal Opening

Retrolaminar Optic Nerve (axon myelination)

ÅOCT-Detected BMO

Å(ONH neural canal entrance)

Estimated Location

Sectioning Plane

Paradigm Change From the Clinical òOptic Discó to ONH Anatomic  Terminology

Burgoyneɀ2024 GoldmannɀGRS Website



NT

ÅONH Peri-Neural Canal (pNC) Tissues

ÅRetina ï Choroid ï Sclera

Å(No anatomically precise lateral boundary)

BMO ï Bruchôs Membrane Opening

ASCO ï Anterior Scleral Canal Opening

PSCO ï Posterior Scleral Canal Opening

Neural Canal

ÅOCT-Detected BMO

Å(ONH neural canal entrance)

Estimated Location

Sectioning Plane

Paradigm Change From the Clinical òOptic Discó to ONH Anatomic  Terminology
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ÅONH Peri-Neural Canal (pNC) Tissues

ÅRetina ï Choroid ï Sclera

Å(No anatomically precise lateral boundary)

BMO ï Bruchôs Membrane Opening

ASCO ï Anterior Scleral Canal Opening

PSCO ï Posterior Scleral Canal Opening

Neural Canal

ÅDistinguishes the tissues adjacent to 

the ONH neural canal from those of 

the Posterior Scleral Shell and Macula

ÅOCT-Detected BMO

Å(ONH neural canal entrance)

Estimated Location

Sectioning Plane

Paradigm Change From the Clinical òOptic Discó to ONH Anatomic  Terminology
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NT

ÅONH Peri-Neural Canal (pNC) Tissues

ÅRetina ï Choroid ï Sclera

Å(No anatomically precise lateral boundary)

BMO ï Bruchôs Membrane Opening

ASCO ï Anterior Scleral Canal Opening

PSCO ï Posterior Scleral Canal Opening

Neural Canal

ÅReplaces the clinical term ñparaò or 

ñperipapillaryò because the ñpapillaò or ñoptic 

discò has no consistent anatomic foundation.

ÅOCT-Detected BMO

Å(ONH neural canal entrance)

Estimated Location

Sectioning Plane

Paradigm Change From the Clinical òOptic Discó to ONH Anatomic  Terminology
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NT

ÅONH Juxta-Canalicular Tissues

ÅRetina ï Choroid ï Sclera 

Å(Immediately adjacent to/abutting the neural 

canal)

BMO ï Bruchôs Membrane Opening

ASCO ï Anterior Scleral Canal Opening

PSCO ï Posterior Scleral Canal Opening

Neural Canal

ÅThe ñjuxta-canalicularò pNC-tissues are 

immediately adjacent to or abut the 

neural canal wall

ÅOCT-Detected BMO

Å(ONH neural canal entrance)

Estimated Location

Sectioning Plane

Paradigm Change From the Clinical òOptic Discó to ONH Anatomic  Terminology
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ÅONH Juxta-Canalicular Tissues

ÅRetina ï Choroid ï Sclera 

Å(Immediately adjacent to/abutting the neural canal)



NT

ÅONH Juxta-Canalicular Tissues

ÅScleral Flange 
Å(pNC-sclera internal to the Dural Sheath Insertion)

BMO ï Bruchôs Membrane Opening

ASCO ï Anterior Scleral Canal Opening

PSCO ï Posterior Scleral Canal Opening

Neural Canal

ÅOCT-Detected BMO

Å(ONH neural canal entrance)

Estimated Location

Sectioning Plane

Paradigm Change From the Clinical òOptic Discó to ONH Anatomic  Terminology
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ÅñNormalò ÅñHighly Myopic / StaphylomatousòÅñNormalò

ÅScleral flange is 1/3rd to 1/2

perineural canal 

Åscleral thickness

ÅDural sheath adds 1/2  to 

2/3rds peripapillary scleral 

Åthickness

Jonasõ histologic concept of the  scleral flange - defined by the dural 
sheath insertion in ònormaló eyes
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ÅñNormalò ÅñHighly Myopic / StaphylomatousòÅñNormalò

ÅScleral flange is 1/3rd to 1/2

perineural canal 

Åscleral thickness

ÅDural sheath adds 1/2  to 

2/3rds peripapillary scleral 

Åthickness

Jonasõ also described profound scleral flange thinning, stretching and 
bowing in  òhighly myopicó eyes
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ÅSmall penetrating Posterior Ciliary arterioles pass through the

Å scleral flange to supply the juxta-canalicular choroid and laminar beams

NT

Cioffi and Van Buskirk. The Glaucomas: Basic Science. 1996

The Scleral Flange and ONH Blood Flow - emphasized by Hayreh - refined by Cioffi
 and others
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Hayreh, BJO 2000

Hayreh articulated the susceptibility of this vasculature to IOP fluctuations and its 
relationship to clinical pNC- Choroidal and RPE atrophy 
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Cioffi and Van Buskirk. The Glaucomas: Basic Science. 1996

NT

ÅSmall penetrating arterioles pass through the scleral flange

to supply the juxta-canalicular choroid and laminar beams

But Hayreh did not emphasize the importance of IOP -related loading of the scleral 
flange connective tissues through which the small vasculature passed 
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Cioffi and Van Buskirk. The Glaucomas: Basic Science. 1996

NT

ÅSmall penetrating arterioles pass through the scleral flange

to supply the juxta-canalicular choroid and laminar beams

In 1993 - òMechanicaló versus óVascularó Conceptual Warfare Confounded 
Glaucoma Research and Clinical Practice

Burgoyneɀ2024 GoldmannɀGRS Website



ONH Biomechanics provided a Conceptual Framework for how IOP -related connective 
tissue loading could influence ONH blood flow within the Scleral Flange, Choroid and 
Lamina

òFigure 6: IOP-related stress may have acute and chronic effects on the 
delivery of blood -borne nutrients to the axons within the Lamina cribrosa.ó

Burgoyne et al. PRER 2005

Burgoyneɀ2024 GoldmannɀGRS Website



Cioffi and Van Buskirk. The Glaucomas: Basic Science. 1996

NT

ÅSmall penetrating arterioles pass through the scleral flange

to supply the juxta-canalicular choroid and laminar beams

Specifically hypothesizing that òIOP-relatedó and òVascularó risk factors could be 
expected to interact within these tissues in òAgingó, òGlaucomaó and òHigh Myopiaó  

Aging

Glaucoma

High Myopia
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Lee SH, et al. Sci Reports. 2020

While it is still not possible to directly measure blood flow within the scleral flange, 
changes in this blood supply should indirectly manifest as microvascular dropout 
within, and thinning of, the juxta -canalicular choroid
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PeriðNeural Canal Scleral Bowing increases with age and is inversely related to 
pNC-CT in Non-Highly Myopic Health Eyes

Tun et al. IOVS. 2019 
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PeriðNeural Canal Scleral Bowing ( pNC-SB) Increases with Age and 
Colocalizes with Choroidal Thinning in Normal and Highly Myopic Eyes

Wang et al. AJO. 2020 Burgoyne et al. AJO. 2023
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