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General Notes Applicable to All Devices
● Universal metrics will be reviewed
● Comparing metrics of the same technology from different 

manufacturers is not directly comparable
■ Even within the same instrument may introduce error if not 

calibrated routinely or simply associated with “test/re-test” 
variability 

● Scan quality matters
○ “Garbage in, garbage out”



Corneal Shape Analysis Systems

• Corneal Topography  (Curvature Based)

• Corneal Tomography (Elevation Based)

• Anterior Segment Optical Coherence Tomography 
(ASOCT)



Placido Topography Systems

Video keratoscopy

Curvature based               
corneal shape  analysis 





Strengths of Placido Topography

• Curvature (direct measure &                               perhaps 
most curvature sensitive)

• Excellent optical performance indicator 

• Cost (affordable options)

• Integration with other software                       opportunities                                            
(aberrometry, dry eye analysis, etc.)



Placido Based Corneal Topography
● Anterior Corneal Surface Curvature
● Placido Ring Reflection

○ Affected by tear film quality - important to view ring 
image to assess artifacts
■ Mires: Smooth = normal, Broken = tear film

● Curvature with derived elevation
● Symmetry most important
● Axial = smoothed, Tangential = exact
● Values of interest

○ K >47D 
○ I-S >1.4D = top to bottom symmetry
○ Skew >20 degrees with >1.5D of Kcyl = axis 

symmetry



 Round ® = 25.1%
 Oval (O) = 20.8%
 Symmetric Bowtie (SB) = 20.3%
 Superior Steep (SS) = 4.1%
 Asymmetric Bowtie Superior Steep (AB/SS)= 2.3%
 Irregular (I) = 5.9%
 Inferior Steep (IS) = 12.1%
 Asymmetric Bowtie Inferior Steep (AB/IS) = 7.4%
 Symmetric Bowtie – SRAX (SB/SRAX) = 1.5%
 Asymmetric Bowtie – SRAX (AB/SRAX) = 0.5% 

Rabinowitz YS, Yang H, Brickman Y, et al. Videokeratography database of normal human corneas. Br J Ophthalmol. 
1996;80(7):610-616. doi:10.1136/bjo.80.7.610



Corneal “Indices”

Comparison of the 
progress of the 
indices 

Automatic 
classification of 
the stage of a 
keratoconus 
(Amsler & 
Muckenhirn
stages)



Integration of Placido topography
systems with other diagnostic technologies 



Topography

What we 
can’t see with 

topography

 No analysis of posterior 
corneal surface

 No representation of 
corneal thickness

 + There are other issues…    
(false + and false -)



Corneal/Anterior Segment Tomography
Scheimpflug / ASOCT

● Cross-sectional imaging and reconstruction 2-D to 3-D
○ Global corneal analysis

● Assess anterior, posterior corneal shape and global corneal thickness
○ Multiple derived values

● Two main imaging technologies
○ Scheimpflug
○ OCT

● True Elevation with calculated curvature
● Elevation maps: Measures at Thin Point Values of Interest:

○ Anterior curvature values: same metrics as previous
○ Anterior elevations >15um
○ Posterior elevations >20um
○ Corneal thickness <500um (thickness “distribution” is impt. In disease dx)
○ Epithelial thickness difference >10um with donut pattern



Elevation Based                             
“Scheimpflug”  Anterior Segment Tomography

Eg. PENTACAM (Oculus) / GALILEI (Ziemer)

Utilizes Scheimpflug Imaging 

To Achieve True Elevation Measures 



Scheimpflug Imaging Principle 

Scheimpflug imaging provides extended depth of focus 



Scheimpflug Image: keratoconus w/scar 



• Relative elevation measures height  difference in microns                      
from a best-fitting reference body

• In all elevation maps, green is the reference surface or                      
zero level

• Red is high and positive, Blue is low and negative 

Corneal Elevation Maps : Color 
Scale

• high
• anterior to the 

reference surface(+)

anterior

• low
• posterior to the 

reference surface

(-)

posterior

reference  

Red

BlueMin

Max



Normal



Keratoconus



 Consensus on Tests to Diagnose Early or 
Sub-Clinical Keratoconus:

Corneal Tomography                                         
(Scheimpflug or AS-OCT)



This is because Keratoconus can be present in a cornea of 
normal thickness…

It is “thickness distribution” that differentiates                              
KC from non-KC



False Positive on Placido Topography

False Negative on Placido Topography

Normal absolute thickness
But,
Abnormal thickness 
“Distribution”



Anterior Segment OCT

• Corneal Imaging

• Global Pachymetry – corneal disease dx & management

• Epithelial Thickness – keratoconus Dx and monitoring



AS Imaging &
Corneal Thickness
(Global + ETM)



Corneo-Scleral Ocular Surface Mapping
(Profilometry) 

• How to Measure Corneo-Scleral Shape:

• Anterior Segment OCT

• Fluorescein based C-S topographic measurements
• S-Map 3D (Precision Ocular Metrology) 
• Eye Surface Profiler (Eaglet Eye)

• Scheimpflug Anterior Segment Tomography
• Pentacam CSP (Oculus)

• Ocular Surface Impression 
• EyePrint (EyePrint Prosthetics) 



Anterior Segment OCT C-S Shape 
Measurement

Walker M, Caroline P. 2019 Soft Special Edition



Fluorescein/Reflection based                              
Corneo-Scleral Profilometry Systems

S-Map 3D

Eye Surface Profiler 



Scheimpflug Elevation Based AS-Tomography

Pentacam CSP Software 



Ocular Surface Impression Technology 

EyePrint Prosthetics

* Capable of up to 5 million data points scanned from an impression 



Specular Microscopy



Specular Microscopy
● Objective analysis of endothelial cells

○ Cell density = number of cells per square mm
○ Hexagonal cell %: pleomorphism = loss of 6 sided shape
○ Coefficient of variation: cell size variation 

● Indications: endothelial disease, edema, CL impact, pre & post surgical, trauma, etc. 
● Direct visualization of endothelium

○ Guttae / Fuch’s 
● Symmetry is a key metric
● Cell Density does not necessarily equal function

● Values of interest if:
○ CD <1000 cells
○ HEX <50%
○ CV >40%
○ Pachy values

Corneal Endothelial Function:        
to maintain corneal 
thickness/transparency via “pump 
action” and barrier property 



Cell Density Alone Cannot Determine 
Corneal Stability

• Normal Cell Count

• 2,500 cells / mm2

• CV = 10  

• Low variation in size

• HEX = 100%

• Highest strength and efficiency of endothelial 
cellular structure

• Normal Cell Count

• 2,500 cells / mm2

• CV = 79  

• High variation in size = Polymegethism

• HEX = 25%

• High variability in shape = Pleomorphism



Natural Aging vs. Post-op Cell Loss
10-19 yo 40-49 yo 80-89 yo

Post Cataract Cell 
Loss

Post Surgical Cell 
Loss

3600 2850 1850 883 623



Advantages of Specular Microscopy for 
the Contact Lens Specialty Practice

• Ability to establish baseline of endothelial morphology at initial
visit

• Ability to design a CL treatment plan if needed based on the 
initial endothelial status

• Ability to monitor for changes to measures during contact lens 
wear

• Ability to diagnose abnormal endothelial morphology in 
advance of clinical signs or symptoms                                  
(management through prevention?)



Contact Lens-Induced Corneal Endotheliopathy



Vision Beyond 20/20 
Aberrometry

Analysis & Correction of High Order 
Aberrations with Novel Contact Lens 

Technologies
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( 3, -3) ( 3, -1) ( 3, 1) ( 3, 3)
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4th

Podium PresentationsPodium PresentationsZernike Chart



LOW ORDER VS. HIGH ORDER ABERRATIONS

( 1, -1) ( 1, 1)
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“HIGHER ORDER ABERRATION”
Defined as: 

Any refractive error that cannot be corrected by 
sphero-cylindrical lens combinations

• Examples include coma, trefoil, spherical aberration, chromatic aberration, etc. 

Higher order aberrations make up approximately 15-17% of 
the total aberrations of normal eyes



20/10 UNCORRECTED PATIENT
Ref +0.04 + 0.16 X 110

Lower

Higher



SIMPLE REFRACTIVE ERROR  
EG.  WHERE 99% OF TOTAL ABBERATION IS                             
LOWER ORDER ABERRATIONS

Lower

Higher



RMS = 11µm

Keratoconus   
WITH SIGNIFICANT LOW & HIGH ORDER 
ABERRATIONS 



KEY TERMS:
• Aberrations

• Low Order (sphere and cylinder)

• High Order (Coma, Trefoil, S.A., then others ….)

• Root Mean Square (RMS)
• Total vs. Low vs. High

• Total, External and Internal (HOAs)

• Point Spread Function (PSF)
• Total vs. Low vs. High

• Total, External and Internal (HOAs)



POINT SPREAD FUNCTION (PSF)
• Pictorially demonstration of what happens to a point 

source of light that is focused through an optical 
system. 

• The PSF can be differentiated in terms of:                                  
“Total, Corneal, Internal” and “Total vs. High Order”

• Excellent Educational Tool



Keratoconus: elevation of total HOAs, anterior corneal HOAs 
and internal HOAs (from posterior cornea)



Total PSF Corneal PSF Internal PSF

Corneal PSF w/Scleral CLTotal PSF w/ Scleral CL

Point Spread Function Images:

TOP: KC without CL

Bottom: KC with scleral lens on with
residual HOAs from posterior corneal
irregularities



EXTERNAL / INTERNAL HOA “OFFSET”                      
(W RIGID CL ON – RESIDUAL HOA)



Case: KC treatment w/ Scleral HOA Correction 



Case: KC treatment w/ Scleral HOA correction 



Case: KC treatment w/ Scleral HOA correction



Genetic Testing of Corneal Disease

Keratoconus – polygenetic (75 genes/+2300 variants) 

Corneal Dystrophy - single gene

Indications:
• F/H
• “Clinical 

Confusion”
• Pre-Surg. 
• +++



THANK YOU!
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