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Pachymetry:  ̄ ʱ˔ˇˌ + ˃ ʷˍˊʹˋʹ 

 



Corneal Thickness 
is Not Uniform! 



Varies even 
among 
ΨƴƻǊƳŀƭΩΣ 
healthy 
corneas 

Changes 
during the 
day 

ωNight 
oedema 

ωSwelling 

A.J. Kanellopoulos and G. Asimellis,  
άIn vivo two-dimensional epithelial imaging of corneal epithelial thickness in normal eyes 
by anterior segment optical coherence tomography: a clinical reference studyέΣ  
Cornea S-13-00329  (2013) 



Ocular Health 
Indicator 

ωEndothelial Cell damage 

ωCǳŎƘΩǎ Dystrophy 

ωCorneal Oedema, Bullus keratopahy, Posterior polymorphous dystrophy, 

ωHerpes Keratitis 

Refractive Surgery 
ωScreening for LASIK or PRK 

ωPost-Operative Assessment 

IOP Adjustment ς 
Glaucoma 

ωA Thin Cornea - Danger of Misreading IOP 

Ectasia indicator 
ωKeratoconus 

ωPost-Lasik ectasia 



Would an orthopedic surgeon today operate on a fracture 
without an x-ray? 

ΧǊŀǇƛŘƭȅ ŀŘǾŀƴŎƛƴƎ 
ΧƛƴǘŜƎǊŀƭ ǇŀǊǘ ƛƴ ŀƭƭ 

ophthalmic departments 

Nov. 8, 1895 



Which technology is more 
suitable for a corneal 

pachymetry measurement? 

 

UltraSound (contact, slit-lamp adapted), 

Scanning Ultrasound Imaging (Biomicroscopy),  

Interferometric Biometry, 

Confocal + Specular Microscopy, 

Scheimpflug Imaging (Pentacam), 

Scanning Slit Beam (OrbScan), 

Optical Coherence Tomography (anterior-segment). 



What? 

Local thickness, 
peripheral thickness 

Two-dimensional 
map 

Resolution 

Sublayer 
discrimination 

How? 

Contact 

Immersion 

Non-contact 

Modality? 

Acoustic 

Optical 

How well? 

Precision + Accuracy 

Speed and Ease 

Spatial Scale 

Other data provided? 



Traditional UltraSound 

10-20 MHz sound waves 

Contact 

No sublayer pachymetry 

Low resolution, No 2-D 

Not reliable peripherally 

Most common method 
used clinically 

Fast, simple, dry technique 

Not accurate for 
edematous corneas, 
difficult to reposition 

UltraSound 
Biomicroscopy and 
Scanning VHF-US 

50-MHz up to 70-MHz 

Immersion (Saline Bath) 

Sublayer Pachymetry 

High resolution 2-D 
mapping 

Easy to obtain peripheral, 
difficult to standardize 

Post-Op lamellar thickness 
visualization 

Sublayer detail 

Requires saline bath, 
complicated technique, 
difficult to standardize. 

Optical Slit-Lamp 
Pachymetry 

Image doubling, manual 

Non-contact 

No sublayer pachymetry 

No 2-D 

Not reliable for periphery 

Slit-Lamp mounted 

Simple to use 

Manual, observer-
dependent precision 

Specular Microscopy-
Based  

Measures focal distance 
through anterior ς inferior 

Both contact and non-
contact 

No sublayer pachymetry 

No 2-D 

Not reliable for periphery 

Provides cell counts 

Provides cell layer 
visualization 

(for contact): risk for 
corneal abrasion  

Scanning-Slit Based 
(Orbscan) 

Based on anterior-inferior 
surface reflections 

Non-contact 

No sublayer pachymetry 

2-D data display 

Peripheral pachymetry 

Applicable for post-
refractive pachymetry 

Concurrent topography ς 
Elevation data 

Passing through center only 
twice 



Optical Coherence 
Tomography 

Infrared interferometry 

Non-contact 

Sublayer pachymetry 

2-D data display 

Easy to acquire data, easy 
to standardize 

Applicable to Post-
operative assessment 

Measures through opacity, 
high resolution scans 

May require Anterior 
adapter 

Optical Low-
Coherence 

Reflectometry 

Infrared interferometry 
(similar to OCT) 

Non-contact 

Limited potential for 
sublayer pachymetry 

2-D not currently available 

Applicable for intra-
operative measurements 

Intraoperative 

Not possible to provide 
maps 

Confocal Microscopy 
Through-Focusing 

Tight focus through corneal 
structures 

Contact 

High-resolution with 
sublayer pachymetry and 

cellular details 

2-D views 

Periphery requires 
repositioning 

Cellular morphology; 
detects microbial presence 

High-resolution, can 
quantify haze/scatter 

Slow, poor penetration of 
opacity 

Laser Doppler 
Interferometry 

Dual beam Doppler laser 

Non-contact 

No sublayer imaging 

No 2-D 

Nor reliable for periphery 

Plus, can measure axial 
length 

Simple, good precision, 

Minimal clinical experience 

Scheimpflug Imaging 
(Pentacam) 

Scheimpflug focusing 

Non-contact 

High-resolution 

2-dimensional 

Peripheral data 

Excellent for pre-and post-
operative assessment 

Highly studied 

Possibly over-reporting CCT 

Elevation, keratometry, 
anterior & posterior data 



Causa latet, vis est notissima 

Vis ƛǎ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ŀƴ ƛƴǘŜǊŀŎǘƛƻƴΧ 

ΧōŜǘǿŜŜƴ ǘƘŜ ǇǊƻōŜ ŀƴŘ ǘƘŜ ƻōƧŜŎǘ 



Absorption by 
tissue (water) 

Wavelength 

Focal 
Length 

F# 

Resolution 

Depth 
Range 



Principle of 
operation: 

ωreflection of elastic wave due to 
different elastic modulus 

high 
frequency 
mechanical 

pulses, 

generated by 
piezoelectric 

element 
acting as 
emitter 

detected by 
the same 
element 
acting as 

transducer 



Pros Cons 

Requires contact (need for 
anesthetic), 

Possible risk of corneal 
abrasion, 

Not reliable for periphery 

Repeatability, difficult to 
reposition, standardize 

Widely established, most 
common clinical method 

Fast, Simple, Dry 

Portability, 

Penetration through opaque 
cornea. 

ω10-20 MHz sound waves 

ωContact 

ωNo sublayer pachymetry 

ωNot accurate for edematous corneas, difficult to 
reposition/standardize location with precision 

Traditional 
UltraSound 





ωImpedance change - reflection 





Pros Cons 

Requires saline 
immersion 

Long acquisition 
time 

Difficult to maintain 
centration 

Corneal 
pachymetry 

Epithelial and 
stromal thickness 

2-D maps 

White-to white 
visualization 

ω50-MHz up to 70-MHz 

ωSublayer Pachymetry 

ωHigh resolution 2-D mapping 

ωEasy to obtain peripheral measurements, difficult to 
standardize 

ωPost-Op lamellar thickness visualization 

ωSublayer detail (can visualize LASIK flap) 

ωRequires saline bath, risk of abrasion, complicated 
technique, difficult to standardize. 

UltraSound 
Biomicroscopy 
and Scanning 

VHF-US 



Principle of 
operation: 

ωTight focusing and increased contrast through equal-
optical length illumination and detection optical paths 

ωΨƴƻƴ-ŎƻƴŦƻŎŀƭΩ ƛƳŀƎŜǎ ŀǊŜ ƴƻǘ 
imaged at all! 

Optical Conjugates 



ωContact 

ωHigh-resolution with sublayer pachymetry and 
cellular details 

ω2-D views 

ωPeriphery requires repositioning 

ωCellular morphology; detects microbial presence 

ωHigh-resolution, can quantify haze/scatter 

ωSlow, poor penetration of opacity 

Tight focus 
through 
corneal 

structures 



DLK Polymegethism CǳŎƘΩǎ Dystrophy 



Claiming 
accuracy and 

reproducibility 
ƻŦ м ҡƳ  

non-contact, no 
concerns about 

sterilization, 
easily performed, 

no false readings 
through 

indentation of 
the cornea,  

no need for any 
drops.  

May 
measure 

separately 
the 

epithelium 

      OLCR (Optical Low Coherence Reflectometry) 



Two spots on cornea:  
Distance from slit lamp to patient either too short or too long. 

One spot:  
Both spots convergent, correct distance. 



ωInfrared interferometry (similar to OCT) 

ωNon-contact 

ωLimited potential for sublayer pachymetry 

ω2-D not currently available 

ωApplicable for intra-operative 
measurements (eg during refractive 
surgery) 

Optical Low-
Coherence 

Reflectometry 



WaveLight OB820 (WaveLight) 

LenStar 900 (Haag-Streit)  

AL-Scan (NiDek) 

A.John Kanellopoulos and George Asimellis 
άCorrelation Between Central Corneal Thickness, Anterior Chamber Depth, and Corneal Keratometry 
as Measured by Oculyzer II and WaveLight OB820 in Preoperative Cataract Surgery Patientsέ 
Journal of Refractive Surgery 28 (12), 895-900 (2012) 

Infrared interferometry 
(similar to OCT), Non-

contact 

Limited potential for 
sublayer pachymetry 

2-D not currently 
available 

Can be used to obtain 
most biometry data 

Optical Low-Coherence 
Reflectometry 



      OLCI (Optical Low Coherence Interferometry) 



Infrared interferometry 

Akin to sub-marine 
ultrasound, but instead 

of sound waves, 
photons. 

Relative difference in 
path lengths of 
reference and 

measurement arms 
determines 

interference pattern. 

Time Domain vs. 
Frequency Domain 



Multiple optical A-scans combine to produce cross-sectional image at different meridians. 



Source center 
wavelength 

Tissue density 

Source power -
acquisition rate 

Water absorption 
minimization dictates 
use of either 830, 980 
or 1300 ˃ m sources. 

Penetration Length 
Depends on: 



1310 nm 

ωDeeper 
penetration 

ωAxial resolution 
17-18 ˃ m 

830 nm 

ωSmaller 
penetration 

ωHigher axial 
resolution (3-5 
m˃ 

Resolution also 
dependent on 
source spectral 

profile 



Pros 

ωNon-contact, 

ωSublayer pachymetry, 

ω2-D data display, 

ωEasy to acquire data, easy to standardize, 

ωApplicable to Post-operative assessment, 

ωMeasures through opacity,  

ωVery High Resolution, 

ωSelect meridional scans. 

Cons 

ωSome developed for retinal imaging, 

and thus require Anterior Segment 

adaptor, 

ωLimited view (w/AS adaptor), 

ωSmall penetration depth, 

ωCan be slow (Time-Domain), 

ωSoftware yet to be fully developed. 

Dedicated 
systems scan 
wider (12-16 

mm) and 
deeper (6-7 

mm) 



Anterior chamber imaging 

Mechanical microkeratome 

Femto-second assisted 





Increased 
speed 

Higher 
resolution 
(Fourier-
Domain 
Signal 

Processing) 

SD OCT 
systems 

available for AS 
imaging 

RTVue-100, iVue (Optovue Inc. 
Fremont, CA),  

OCT/SLO Combination Imaging System 
(Optos, Inc. Marlborough, MA),  

SS-1000 CASIA (Tomey Corp. Nagoya, 
Japan) (dedicated AS),  

Copernicus SOCT (OptoPol Technology 
S.A. Zawiercie, Poland),  

Spectralis OCT (Heidelberg Engineering 
GmbH, Heidelberg, Germany) 
(Dedicated AS) 

Envisu C2200 & C2300 (Bioptigen, 
Morrisville, NC) 

Jean Baptiste Joseph Fourier    
(21 March 1768 ς 16 May 1830) 

merci beaucoup, Jean! 







LASIK flap visualization 

Incision 



LASIK interface fluid 

5ŜŎŜƳŜƴǘΩǎ detachment 



Cataract Wound Gaps 

 Wound retraction - healing 



Cross-linking effect visualization 

A.J. Kanellopoulos and G. Asimellis,  
άIntroduction of quantitative and qualitative cornea optical coherence tomography findings 
induced by collagen cross-linking for keratoconus: a novel effect measurement benchmarkέΣ  
Clinical Ophthalmology 7, 329ς335 (2013) 



h/¢Ωǎ ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ŀƭƭƻǿǎ ƳƻǊŜ 
accurate boundary definition 

Map produced by interpolation 









 wound retraction 

A.J. Kanellopoulos and G. Asimellis,  
άAnterior segment optical coherence tomography - assisted topographic corneal epithelial 
thickness distribution imaging of a keratoconus patientέΣ  
Case Reports in Ophthalmology 4:74-78 (2013) 



A.J. Kanellopoulos and G. Asimellis,  
άAnterior segment optical coherence tomography - assisted topographic corneal epithelial 
thickness distribution imaging of a keratoconus patientέΣ  
Case Reports in Ophthalmology 4:74-78 (2013) 



Problem: 
High resolution requires small 

depth of field (small f#) 



Solution: tilt the lens! Theodor Scheimpflug   
(7 October, 1865 ς 22 August 1911) 

Ich danke Ihnen sehr, Theodor! 



Principle of 
operation: 

ωHigh-resolution, high depth of field 
imaging 

Sequential 
images 
(25/50) 

Very fast 
acquisition 

Extremely-
well 

developed 
software 
analysis 



ωNon-contact 

ωHigh-resolution 

ω2-dimensional reconstruction 

ωPeripheral data 

ωExcellent for pre-and post-operative assessment 

ωHighly studied 

ωPossibly over-reporting CCT 

ωElevation, keratometry, anterior & posterior data 

Scheimpflug 
Imaging 

Clinical Instruments 

ωPentacam (Oculus),  

ωOculyzer II (WaveLight), 

ωGalilei (Zeimer) 







Pentacam 

Same patient, same day 

OCT (RtVue) Artemis (HF-US) 





Caution! 

Pentacam may 
overestimate CCT 

рр ΨƴƻǊƳŀƭΩ ŎŀǎŜǎ 

A.John Kanellopoulos, Ioannis M. Aslanides, and George Asimellis 
άHigh-Resolution Pentacam, Anterior Segment OCT, and High-Frequency Ultrasound 
Biomicroscopy for Corneal Mapping:  Comparative StudyέΣ  
CEOptom-13-082-OP  (2013) 



Thank you for your attention! 

Still need 
multiple 

devices to see 
all that we 
ǿŀƴǘ ǘƻ ǎŜŜΧ 

Nice that we 
have all of 

this 
technology! 

We must 
understand 

all the 
limitations, 

and  

Explore all 
capabilities. 

New imaging 
frontiers 
ahead. 



Invitation 


