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Abstract

Purpose:  To calibrate the new ZEISS VisanteTM anterior segment  opt ical coherence tomographer 

(OCT) using references with known physical thickness and refract ive index equal to the human 

cornea and to compare the Visante measures to t hose f rom a previous generat ion OCT (Zeiss-

Humphrey OCT II).

Met hods:  Twent y t wo semi-rigid lenses of  specif ied t hicknesses were manufact ured using a 

material with ref ract ive index of  1.376.  Cent ral t hickness of  t hese lenses was measured using 

VisanteTM and Zeiss-Humphrey OCT II OCT’s (Zeiss, Germany). Two data sets consist ing of nominal 

measures (with a standard pachymeter) of the lenses and one obtained using a digital micrometer 

was used as references.  Regression equat ions bet ween t he new physical  and opt ical  (OCT) 

measures were derived to calibrate the devices.

Resul t s:  Before cal ibrat ion,  repeat ed measures ANOVA showed t hat  t here were signi f icant  

dif ferences between mean lens thicknesses from each of the measurement  methods (p < 0.01), 

where Visante measurements were signi  cant ly dif ferent  f rom the other three (OCT II,  MG and 

OP) methods (p < 0.001). Visante thickness was signi  cant ly higher than the microgauge measures 

(453 ± 37.6 compared to 445.1 ± 38.2) and the OCT II was signi  cant ly lower (424.5 ± 36.1 both, 

p < 0.001).  After calibrat ion using the regressions between physical and opt ical measurements, 

there were no dif ferences between OCT II and Visante (p < 0.05).

Conclusions:  Using references lenses with refract ive index of the cornea (1.376) allows rapid and 

simple calibrat ion and cross calibrat ion of inst ruments for measuring the corneal thickness. The 

Visant e and OCT II do not  produce measurement s t hat  are equal t o physical  references wit h 

refract ive index equal to the human cornea.

© 2011 Spanish General Council of Optometry. Published by Elsevier España, S.L. All rights reserved.
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Introduction

The measurement  of corneal thickness has various important  
clinical and research applicat ions. Some of these may be to 
measure corneal swelling after overnight  wear of cont inuous 
wear contact  lenses,1 after overnight  orthokeratology,2 or to 
moni t or  t hi ckness changes in pat ient s wi t h t hinning 
disorders such as kerat oconus3 or for ref ract ive t herapy 
techniques.4,5 Corneal thickness can be measured opt ically6,7

or using ult rasound techniques.8,9 One of the advantages of 
opt ical measures over ult rasound is the non-contact  nature 
of  t he t echnique.  Despi t e t he repor t ed accuracy of 
ult rasound measures,  corneal contact  and with the use of 
anaest het ics makes t his met hods more inconvenient . 10,11

Also,  t he indent at ion of  t he cornea has resul t ed in an 
under-est imat ion of  corneal t hickness when compared t o 
other methods.11

Opt i cal  Coherence Tomography (OCT)  i s a newer 
non-contact  opt ical imaging t echnique t hat  can measure 
biological t issue thickness with higher nominal resolut ion, 
ranging from 2 to 20 microns.12-16 OCT works on the Michelson 
i nt er f er omet r y pr i nci pl e and i mages ar e t ypi cal l y 
t wo-dimensional  dat a set s whi ch represent  opt i cal 
backscat t er ing in a cross-sect ional  plane t hrough t he 
t issue.17,18 OCT (TdOCT) has been useful in the visualizat ion 
of  dif ferent  ocular t issues including the cornea. 12 It s main 
disadvantage is a longer acquisit ion t ime causing a decrease 
in image qualit y and thus l imit ing it s clinical applicat ions. 
On the other hand, t he spect ral OCT (SOCT) has a shorter 
acquisit ion t ime el iminat ing many of  t he mot ion art ifact s 

current ly commercial available inst ruments have also been 
used for cross sect ional imaging of the cornea.12,19-21

Previous work has suggested that  corneal and part icularly 
epi t hel ial  t hickness can be measured using t he Zeiss–
Humphrey ret inal  OCT II (model  2010,  Zeiss Humphrey 
systems, Dublin, CA), a posterior segment  inst rument , that  
has been a   dapted to measure the anterior segment .22-24 The 
OCT II uses a super-luminescent  diode as a low-coherence 
l ight  source wi t h t he wavelengt h of  830-850 nm and 
t he band widt h of  32 nm.  The axial  resolut ion is about  
10-15 microns.25 A scan width of  1.13 mm was used for the 
OCT II tomographer.

Simi lar ly,  a recent ly market ed ant erior segment  OCT 
inst rument ,  t he VisanteTM OCT (Zeiss Meditec,  Dublin,  CA) 
calculates corneal thickness throughout  the ent ire corneal 
surface (in eight  meridians simultaneously) which would be 
advantageous in characterizing areal corneal thickness. 26,27

The VisanteTM OCT is a t ime-domain OCT and produces high 
resolut ion images of  t he ent ire anterior segment  and was 
used in this study.28-31 The VisanteTM OCT uses a wavelength 
of  1310 nm. This longer wavelength of  t he VisanteTM OCT 
al lows bet t er del ineat ion of  t he ant erior and post erior 
surfaces of the cornea and helps in bet ter penet rat ion past  
t he l imbus and the sclera.  It s high speed scanning system 
enables the generat ion of pachymet ry maps, in addit ion to 
l i near  cross-sect ional  images,  i n seconds.  The axial 
resolut ion of  t he image is 18 mm and t he t ransverse 
resolut ion is 60 mm. The t issue depth for each scan is 6mm 
deep by 16 mm wide for anterior segment  scans, 3 mm deep 
by 10 mm wide for the pachymetry.26,29,30
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Resumen

Obj et ivo: Calibrar el nuevo tomógrafo de coherencia ópt ica (OCT) del segmento anterior ZEISS 

VisanteTM ut ilizando referencias con índice de refracción y espesor físico conocido equivalentes a 

la córnea humana y comparar las medidas del Visante con las del OCT de la generación anterior 

(Zeiss-Humphrey OCT II).

Métodos: Se fabricaron 22 lentes semirrígidas de espesores especí  cos ut ilizando un material con 

un índice de refracción de 1,376. El espesor cent ral de estas lentes se midió con los OCT Visante-

TM y Zeiss-Humphrey OCT II (Zeiss, Alemania).  Como referencias se ut il izaron dos conj untos de 

datos compuestos de medidas nominales (con un paquímetro estándar) de las lentes, uno de ellos 

obtenido mediante un micrómet ro digital.  Para calibrar los disposit ivos se derivaron las ecuacio-

nes de regresión ent re las nuevas medidas físicas y ópt icas (OCT).

Result ados:  Antes de la calibración, las mediciones repet idas con el ANOVA most raron que había 

diferencias signi  cat ivas ent re las medias de espesor de la lente a part ir de cada método de me-

dición (p < 0,01), en los cuales las mediciones con Visante fueron signi  cat ivamente diferentes de 

los ot ros t res métodos (OCT II, MG y OP) (p < 0,001). El espesor con Visante fue signi  cat ivamente 

mayor que en las mediciones con micrómet ro mecánico (453 ± 37,6 en comparación con 

445,1 ± 38,2) y con el OCT II fue signi  cat ivamente inferior (424,5 ± 36,1 ambos, p < 0,001). Des-

pués de la calibración ut il izando las regresiones ent re las mediciones f ísicas y ópt icas, no hubo 

diferencias ent re el OCT II y el Visante (p < 0,05).

Conclusión:  El uso de lentes de referencia con índice de refracción equivalente al de la córnea 

(1,376) permite calibrar e intercalibrar rápida y fácilmente los inst rumentos para medir el espesor 

corneal.  El Visante y el OCT II no proporcionan mediciones equivalentes a las referencias f ísicas 

con un índice de refracción equivalente al de la córnea humana.

© 2011 Spanish General Council of  Optomet ry. Publicado por Elsevier España, S.L. Todos los derechos 

reservados.
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Ant erior segment  OCTs are now more commonly being 
used for a range of diagnost ic and post -surgical analyses.7,32-35

For  i nst ance,  t here are a number  or  repor t s of  t he 
assessment  of pat ients prior to speci  c surgical procedures 
and post surgical evaluat ion of  surgical out comes such as 
corneal oedema and ectasia.7,36-40

Despi t e st rong associat ions among measurement s of 
cor neal  t h i ck ness usi ng var i ous measur emen t  
techniques,10,27,41 there is no gold standard to cross calibrate 
t hese inst rument s and t o assess t heir accuracy,  t hough 
at tempts have been made.42,43

Although there is abundant  literature on the precision of 
inst ruments measuring corneal thickness,44,45 no informat ion 
about  t he accuracy of  t he met hods exist s.  There are a 
number of reports comparing various methods of measuring 
corneal thickness.10,23,27,41,46

A cl inician can make cl inical  decisions based on t he 
repeatabilit y and accuracy of the measures. Measurements 
could be repeat able and not  accurat e and t herefore,  in 
addit ion to precision a measurement  technique should also 
be demonst rably accurate.  The purpose of  t his study was 
f i rst ,  t o measure t he accuracy of  t he Visant e OCT as i t  
compared to a direct  measure wit h cal l ipers (mechanical 
gauge [MG]) of a t ransparent  plast ic material with refract ive 
index similar to the cornea, that  is n = 1.376. 

The second purpose was to compare these results with an 
Opt ical Pachymeter (OP) and t he Zeiss–Humphrey ret inal 
OCT II. In order to calibrate the two OCT’s (Visante OCT and 
Zeiss–Humphrey ret inal OCT II) the measurements using the 
MG were taken as t rue measurements. 

Methods

Lenses

Twenty two semi-rigid lenses with varying thicknesses were 
manufact ured using a plast ic mat erial  wit h a ref ract ive 
index of 1.376 ± 0.0005 (at  589 nm). The refract ive index of 
the material was veri  ed with the manufacturer. This plast ic 
material was developed by Opt ical Polymer Research, Inc., 
Gainesvil le,  Florida.  Al l  t he lenses were made wit h plano 
power (parallel anterior and posterior surfaces) with a base 
curve of 8.6 mm and no prism. The physical center thickness 
of the calibrat ion lenses (ranging from 100 to 764 mm) were 
measured four t imes and then averaged (Table 1). 

Instrumentation

The cent ral thicknesses of the same set  of lenses were also 
measured using the following three instruments: a computerized 
opt ical  pachymet er (OP) mount ed ont o a Zeiss 30 SL-M 
biomicroscope, Zeiss–Humphrey ret inal OCT II (Zeiss Meditec, 
Germany), and VisanteTM OCT (Zeiss Meditec, Germany).

With t he VisanteTM OCT the “ high resolut ion”  mode was 
used in t he scanning session for t he semi-r igid cont act  
lenses to opt imise visualizat ion.  The corneal image of  the 
Vi sant eTM OCT compr i ses 512 axi al  scans.  The scan 
dimensions for t his scan mode were 10 mm lengt h (512 
A-scans) and 3 mm (in t issue) depth.

The scanned image was considered t o be opt imal l y 
aligned when the specular re  ex, which is a high intensit y 

ref lect ion f rom t he cent er of  t he f ront  surf ace of  t he 
contact  lens (Figure 1), was visible on the screen. 

Acceptable scans were selected as soon as they appeared 
and images were j udged to be of adequate quality based on 
the fol lowing crit erion:  good demarcat ion of  t he anterior 
and posterior boundaries of  t he contact  lens and absence 
of artefacts. Instead of using the built  in callipers provided 
by t he inst rument ,  cust om sof t ware was used which 
automat ically delineated the anterior and posterior borders 
of  the cross-sect ional images of  the contact  lens using the 
re  ect ivit y plot  produced by the inst rument  and then, the 
radial distance between the anterior and posterior surface 
were obtained, that  is, the cent ral thickness of the contact  
lens.  The version 2.0 VisanteTM sof tware was used and the 
raw unaltered binary image  le (*.bin) was used to export  
t he VisanteTM data for analysis.  To convert  pixels obtained 
from the binary image, to mill imeters, a conversion factor 
was used (71 pixels = 1 mm).

Figure 1 Zeiss–Humphrey ret inal OCT II image of the contact  

lens with n = 1.376.

Table 1. The actual cent re thickness of the twenty-two 

lenses

Actual lens center thickness (mm)

 1 301

 2 580

 3 420

 4 350

 5 470

 6 560

 7 360

 8 630

 9 489

10 527

11 312

12 470

13 650

14 700

15 240

16 450

17 150

18 580

19 100

20 500

21 190

22 764
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With the Zeiss–Humphrey ret inal OCT II similar methods 
were used where one hundred axial scans (1.13-mm width) 
were processed and the cent ral contact  lens thickness was 
obtained using the same custom analysis software. Custom 
sof t war e r ead t he r aw f i l es consi st i ng of  posi t i on
vs.  ref lect ed int ensit y for each of  t he 100 sagit t al  scans
(Figure 2). 

The sof tware imports the raw data f rom the inst rument  
and then located the peak re  ectance’s that  corresponded 
t o f ront  and rear lens surfaces.  From t he curves f i t  t o 
t hese surfaces t hicknesses (t he short est  dist ance t o t he 
post erior surface) were calculat es for each pixel  point  
along the front  surface. The averages of  these thicknesses 
were then used.

Procedure

The lenses were installed on a circular holder in a random 
order. A number was assigned to each with no reference to 
t he t hickness of  t he lens.  Al l  t he measurements wit h t he 
mechanical gauge (MG), opt ical pachymeter (OP) mounted 
onto a Zeiss 30 SL-M biomicroscope, Zeiss–Humphrey ret inal 
OCT II and VisanteTM were performed by the  rst  author. All 
t he lenses were measured f our  t imes wi t h t he Zeiss–
Humphrey ret inal OCT II and VisanteTM OCT and the average 
of  t he four readings was t aken and are report ed in t he 
results. Mult iple measurements were necessary in order to 
minimize measurement  variabil i t y. 44,47 The measurement  
order with the inst ruments was randomized in the study.

The accuracy of  t he measurement s of  t he t wo OCT 
inst ruments was determined by comparison of  the physical 
CT of  t he lenses obt ained using t he mechanical  gauge 
(MG) and t he opt i cal  pachymet er  (OP) wi t h t he OCT 
inst rument  measures.

Data analysis

Using a repeated-measures analysis of variance, the effects 
of  measurement  devices were examined.  P values < 0.05 
were considered st at ist ical ly signif icant .  Tukey post  hoc 
pai red t est s (signi f icant  level  p < 0. 05) were used t o 
det ermine t he signif icance of  specif ic pairs.  Regression 
equat ions bet ween t he MG and bot h OCT measures were 
der ived t o cal ibrat e t he devices.  The Bland & Al t man 
recommendat ions were used to show the limits of agreement  
between pre and post  calibrat ion.48

Results

Wit h repeat ed measures ANOVA t here was a signi f icant  
dif ference in the lens thickness among all  t he methods of 
measurement  before calibrat ing the inst ruments, as shown 
in Figure 3. Tukey post  hoc tests revealed that  the VisanteTM

OCT measurements were signi  cant ly higher than the other 
three (OCT II, OP and MG) methods (p = 0.001). The Visante 
thickness was 453.0 ± 37.6 compared to 445.1 ± 38.2 with 
t he microgauge and t he OCT II was signi f icant ly lower 
(424.5 ± 36.1) compared t o t he ot her t hree met hods of 
measurement  (both, p = 0.001).  There was no stat ist ically 
signi  cant  dif ference (p > 0.05) in thickness obtained using 
the microgauge (445.1 ± 38.2) and the opt ical pachymeter 
(OP) (444.2 ± 38.2). 

The Figures 4, 5 and 6 compare the standard microgauge 
measures to each of the measurements made by the three 
inst ruments (using Bland-Altman plots).  Figure 4 compares 
t he microgauge versus t he opt ical  pachymet er before 
calibrat ion and shows that  there was no difference. Figure 5 
demonst rates the dif ferences comparing the OCT II and the 
microgauge for all lenses and indicates that  the thickness of 
thicker lenses (450 mm and up) were over-est imated by the 
inst rument . On the other hand, the Visante (Figure 6) when 
compared to the microgauge under-est imated the thickness 
especially when lenses were thinner (250 to 400 mm).

Regression equat ions between the OP measurements and 
the lens thickness measurements from the MG showed that  
there was a stat ist ically insigni  cant  dif ference (p > 0.05) 
(Figure 7).

The MG measur ement  was t aken as t he “ t r ue”  
measurement  for the following comparisons.

The correlat ions of  pre cal ibrat ed Humphrey ret inal 
OCT II and the VisanteTM versus the MG were est imated. The 
pre calibrated Humphrey ret inal OCT II and VisanteTM OCT 
were signi f icant ly correlat ed (R = 0.99,  for bot h) when 
compared to the microgauge (p = 0.001) (Figures 8 and 9). 

The cal ibrat ion equat ions t hat  were derived f rom t he 
regression anal ysi s were t hen used t o cal i brat e t he 
inst ruments.

Figure 2  Vi sant e OCT image of  t he cont act  l ens wi t h 

n = 1.376.

Lens thickness with 4 instruments
F(3,63)=62.91, p<0.01

Vertical bars denote 0.95 confidence intervals
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Figure 3 Cent re thickness of lenses (mm, Mean ± 95% CI) prior 

to calibrat ion measured with each inst rument .
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The dif ferences between t he two OCT inst ruments and 
t he MG were el iminat ed af t er applying t he cal ibrat ion
equat ions to each of these devices (Table 2).

The dif ference between pre and post  calibrat ion versus 
the average of the pre and post  calibrat ion thickness values 
are shown in Figure 10. 

Discussion

The int ent  of  t he experiment s was t o explore whet her 
t here are dif ferences among t he opt ical devices t hat  are 
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Figure 5 Bland-Al t man plot .  The dist r ibut ion of  means of 

microgauge and OCT II versus t he dist ribut ion of  dif ferences 

between the microgauge and OCT II.  The thin line in the  gure 

represent s t he mean di f f erence and t he t hick l ines in t he 
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Figure 4 Bland-Al t man plot .  The dist ribut ion of  means of 

microgauge and opt ical  pachymet er versus t he dist ribut ion 

of differences between the microgauge and opt ical pachymeter. 

The thin line in the  gure represents the mean difference and the 

thick lines in the  gure represent  the 95% limits of agreement . 
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mi cr ogauge and Vi sant e OCT ver sus t he di st r i but i on 

of  dif ferences between the microgauge and Visante OCT. The 

thin l ine in the  gure represents the mean dif ference and the 

thick lines in the  gure represent  the 95% limits of agreement . 
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used to perform pachymet ry.  There were dif ferences and 
so t he met hod proposed by42 Moezzi  et  al  was used t o 
remove t he di f ferences.  The cal ibrat ion equat ions t hat  
were derived enable the direct  comparison among devices 
so t hat  t he commonl y r epor t ed di f f erences among 
pachymet r i c met hods ar e now uni mpor t ant . 49 The 
import ance of  having accurat e (post -cal ibrat ed) corneal 
t hicknesses when measured wit h any of  t hese devices is 
t hat  t hey are necessary f or  measurement  of  corneal 
hypoxia50, 51 i n CL wearers and i n diabet i cs52 and f or 
accurat e IOP measurement s, 53 in cases of  pre-surgical 
pat ient s for ref ract ive surgery, 4 pre54 and post -surgical 55

keratoconus pat ients and contact  lens wearing pat ients for 
ortho-keratology.22

Most  inst ruments which are being used to measure corneal 
thickness can be calibrated for the anterior surface with the 
use of  a sol id reference sphere or an asphere,  but ,  t he 
posterior surface cannot  be calibrated with this device. The 
refract ive index of  the cornea is a variable common to all 
t echniques f or measur ing corneal  t hickness by opt ical 
met hods. 56 Therefore,  t he ideal remedy,  at  least  for t he 
opt ical measurement  techniques, would be calibrat ing the 
inst rument s using a t ransparent  mat erial  wit h a simi lar 
ref ract ive index as t he human cornea in t he form of  a 
contact  lens (that  is with a visible posterior surface), as has 
been reported by Moezzi et  al42 and in this study. Although 
previous st udies show regional  var i at i on of  corneal 
ref ract ive index as wel l  as variat ion of  ref ract ive index 
between different  layers of the cornea,57 a refract ive index 
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pre and post  cal ibrat ed Visant e OCT versus t he dist ribut ion 
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Table 2.  The average cent re thicknesses of the 

twenty-two lenses for each of the inst ruments tested 

and the respect ive calibrat ion equat ions.

Mean SE CI

'95%

CI

+95%

N Calibrat ion

Equat ion

Microgauge

 (mm)

445.1 38.2 365.7 524.6 22 N/ A

Visante™ 

 OCT (mm)

453.0 37.6 374.8 531.3 22 '15.15+1.01 X 

Measured CT

OCT II 

 (mm)

424.5 36.1 349.5 499.6 22 '4.73+1.05 X 

Measured CT

Opt ical

 pachymeter 

 (mm)

444.2 38.2 364.7 523.7 22 0.34+1.00 X 

Measured CT

These equat ions are not  general equat ions for the devices. 

These equat ions are speci  c for individual inst ruments. 

CT, center thickness
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of  1.376 is regarded as t he overal l  corneal  ref ract ive 
index. 58,59 Using reference lenses wit h ref ract ive index of 
the cornea (1.376) allows rapid and simple calibrat ion and 
cross calibrat ion of these opt ical inst ruments for measuring 
cent ral corneal thickness. This method demonst rates that  in 
measuring lenses wit hin t he “ average”  corneal t hickness 
range (from 375 to 550 microns) the inst ruments are quite 
accurate, but , with thicker or thinner reference lenses the 
error is increased.  Thinner measures are over-est imat ed 
and t hicker measurements are under-est imated wit h t he 
VisanteTM OCT (Figure 10).  Possibly the internal calibrat ion 
of  t he Visant e using i t s own sol id cal ibrat ion sphere is 
l imit ed in t he range of  accuracy.  These cent ral t hickness 
dif ferences out side t his average range can be cl inical ly 
signi  cant  if  decisions regarding refract ive surgery are being 
made and regarding correct ion factors for the measurement  
of IOP, though it  has been stated that  a 20 micron difference 
may be considered clinically signi  cant  by others based on 
mathemat ical models.60,61 On the other hand, when decisions 
are made about  el igibi l i t y for surgery using a t hickness 
crit erion,  it  is not  at  al l  clear t hat  ±20 microns is used to 
de  ne a range of uncertainty, it  would be considered to be 
much less.62

Calibrat ion requires that  our ‘ phantom corneas’  have two 
opt ical characterist ics. The  rst  is that  the refract ive index 
is as speci  ed by the manufacturer and that  this index is the 
“ same”  as t he cornea.  The second is t hat  t he ref ract ive 
index is constant  over the samples we used. Problems with 
the former (e.g. misspeci  cat ion of refract ive index) would 
result  in the absolute measures of cent ral corneal thickness 
obtained after calibrat ion of each device being fract ionally 
i n  e r r o r  ( t he  amoun t  be i ng a f unc t i on  o f  t he 
misspeci  cat ion). However, the calibrat ion between devices 
would st i l l  be val id.  Assuming t hat  t he cornea has a 
homogeneous refract ive index is in it self  an approximat ion 
since; it  varies in depth and ext ra-axially.57,63 Therefore, in a 
sense, the phantom corneas with a single refract ive index 
are only a f i rst  approximat ion.  The second problem of 
het erogeneit y of  t he ref ract ive index across t he sample 
lenses,  provided i t  was non-syst emat ic,  would not  be 
expected to af fect  t he calibrat ion equat ions signi  cant ly. 
Dunne et  al examined the inaccuracy of  the VisanteTM OCT 
using ray t racing of  OCT images of  cont act  lenses wit h a 
ref ract ive index of  1.493 and cent re t hicknesses ranging 
f rom 0. 3 t o 0. 7 mm (in 0. 1 mm st eps).  Thei r  resul t s 
indicat ed t hat  t here was no variat ion in accuracy wi t h 
t hickness. 60 Our approach was dif ferent  t o t heirs,  t here 
were dif ferences in measured/ assumed refract ive indices 
and also how the images were acquired dif fered. They used 
the anterior segment  map (with custom software callipers) 
while we used t he high resolut ion map (wit h t he cust om 
software).

A drawback of the study is perhaps that  cent ral thickness 
accuracy was examined and not  peripheral. First , since this 
is a comparison of  devices and there is no speci  c reason 
t hat  one devices peripheral measurement  is more or less 
accurate than another,  we believe that  t he result s can be 
generalized to the periphery.

Second, the range of the thickness of the rigid reference 
lenses included what  might  be expect ed for peripheral 
corneal  t hickness64 and so,  again t he resul t s apply t o 
peripheral measurements. 

Summary

Using reference lenses with refract ive index of  the cornea 
(1. 376) al lows rapid and simple cal ibrat ion and cross 
calibrat ion of inst ruments for measuring the cent ral corneal 
t hickness.  The Visant eTM OCT and OCT II do not  produce 
measurements equal to physical references with refract ive 
index equal to the human cornea.

In clinical set t ings the possible inaccuracies in equipment  
may direct ly impact  the t reatment  of the pat ient . We hope 
that  the method that  has been illust rated in this art icle will 
be useful in both research and cl inical set t ings.  At tent ion 
should be given when measuring corneas that  are especially 
thinner or thicker than average as in cases of  keratoconus 
and post -ref ract ive surgery as wel l  as post -penet rat ing 
keratoplasty, respect ively, as these measurements may not  
be as accurate. The procedure used in the present  study has 
not  been applied to measurements from the VisanteTM OCT 
but  does show that  the measures can be calibrated and that  
mult iple inst ruments can perform ident ically on lenses with 
the opt ical characterist ics of the cornea.

Reference

 1. Fonn D, Vega J, Du TR. High Dk versus approved 7-day extended 

wear hydrogel lenses: the overnight  corneal swelling response. 

Optom Vis Sci. 1997;74:76.

 2. Wang J,  Fonn D,  Simpson TL,  Sorbara L,  Kort  R,  Jones L. 

Topographical t hickness of  t he epit hel ium and t otal cornea 

after overnight  wear of reverse-geomet ry rigid contact  lenses 

f or  myopi a r educt i on.  Invest  Opht hal mol  Vi s Sci . 

2003;44:4742-4746.

 3. Haque S, Jones L, Simpson T. Thickness mapping of the cornea 

and epithelium using opt ical coherence tomography. Optom Vis 

Sci. 2008;85:E963-E976.

 4. Li Y, Net to MV, Shekhar R, Krueger RR, Huang D. A longitudinal 

st udy of  LASIK f lap and st romal t hickness wit h high-speed 

opt ical  coherence t omography.  Opht halmology.  2007;114: 

1124-1132.

 5. Maldonado MJ,  Ruiz-Obl i t as L,  Munuera JM,  Al iseda D, 

Garcia-Layana A,  Moreno-Mont anes J.  Opt ical  coherence 

t omography evaluat ion of  t he corneal cap and st romal bed 

features after laser in situ keratomileusis for high myopia and 

ast igmat ism. Ophthalmology. 2000;107:81-87.

 6. Fam HB, Lim KL,  Reinstein DZ.  Orbscan global pachymet ry: 

analysis of  repeat ed measures.  Opt om Vis Sci .  2005;82: 

1047-1053.

 7. Wang J, Fonn D, Simpson TL, Jones L. Relat ion between opt ical 

coherence tomography and opt ical pachymet ry measurements 

of  corneal swel l ing induced by hypoxia.  Am J Opht halmol. 

2002; 134:93-98.

 8. Gordon A,  Boggess EA,  Molinari JF.  Variabil i t y of  ul t rasonic 

pachometry. Optom Vis Sci. 1990;67:162-165.

 9. Reinst ein DZ,  Si lverman RH,  Rondeau MJ,  Coleman DJ. 

Epi t hel ial  and corneal  t hickness measurement s by high-

frequency ult rasound digital signal processing. Ophthalmology. 

1994;101:140-146.

10. Amano S, Honda N, Amano Y, Yamagami S, Miyai T, Samej ima T, 

et  al.  Comparison of cent ral corneal thickness measurements 

by rotat ing Scheimp  ug camera, ult rasonic pachymet ry,  and 

scanning-sl it  corneal t opography.  Ophthalmology.  2006;113: 

937-941.

11. Bechmann M,  Thiel  MJ,  Neubauer AS,  Ul l rich S,  Ludwig K, 

Kenyon KR, et  al.  Cent ral corneal thickness measurement  with 



154 J. Maram et  al

a ret inal opt ical coherence tomography device versus standard 

ult rasonic pachymetry. Cornea. 2001;20:50-54.

12. Drexler W. Ult rahigh-resolut ion opt ical coherence tomography. 

J Biomed Opt . 2004;9:47-74.

13. Kaluzny BJ,  Kaluzny JJ,  Szkulmowska A,  Gorczynska I,  

Szkulmowski  M,  Baj raszewski  T,  et  al .  Spect ral  opt ical 

coherence tomography — A novel technique for cornea imaging. 

Cornea. 2006;25:960-965.

14. Sin S,  Simpson TL.  The repeatabil it y of  corneal and corneal 

epit hel ial  t hickness measurements using opt ical coherence 

tomography. Optom Vis Sci. 2006;83:360-365.

15. St anga PE,  Bird AC.  Opt ical  coherence t omography (OCT): 

principles of operat ion, technology, indicat ions in vit reoret inal 

imaging and interpretat ion of results. Int  Ophthalmol. 2001;23: 

191-197.

16. Wang M, Luo R, Liu Y. [Opt ical coherence tomography and it s 

appl icat ion in opht halmology] .  Yan Ke Xue Bao.  1998;14: 

116-120.

17. Fuj imot o JG.  Opt ical  coherence t omography for ul t rahigh 

resolut ion in vivo imaging. Nat  Biotechnol. 2003;21:1361-1367.

18. Simpson T,  Fonn D.  Opt ical  coherence t omography of  t he 

anterior segment . Ocular Surface. 2008;6:117-127.

19. Leung CKS, Choi N, Weinreb RN, Liu S, Ye C, Liu L, et  al. Ret inal 

nerve f iber layer imaging wi t h spect ral -domain opt ical 

coherence tomography: Pat tern of RNFL defects in glaucoma. 

Ophthalmology. 2010;117:2337-2344.

20. Kiernan DF, Mieler WF, Hariprasad SM. Spect ral-Domain Opt ical 

Coherence Tomography:  A Comparison of  Modern High-

Resolut ion Ret inal Imaging Systems. Am J Ophthalmol.  2010; 

149:18-31.

21. Matont i F, Hoffart  L, Alessi G, Baeteman C, Trichet  E, Madar J, 

et  al .  Spect ral -domain opt ical  coherence t omography in 

anterior segment  imaging: The 3rd dimension. Journal Francais 

d’ Ophtalmologie. 2009;32:727-734.

22. Haque S, Fonn D, Simpson T, Jones L.  Corneal and epithelial 

thickness changes after 4 weeks of overnight  corneal refract ive 

t herapy l ens wear,  measured wi t h opt ical  coherence 

tomography. Eye Contact  Lens. 2004;30:189-193.

23. Haque S, Simpson T, Jones L. Corneal and epithelial thickness in 

kerat oconus:  a compar ison of  ul t rasonic pachymet ry, 

Orbscan II,  and opt ical coherence tomography. J Refract  Surg. 

2006;22: 486-493.

24. Wang J,  Fonn D, Simpson TL. Topographical t hickness of  t he 

epithelium and total cornea after hydrogel and PMMA contact  

lens wear with eye closure.  Invest  Ophthalmol Vis Sci.  2003; 

44:1070-1074.

25. Muscat  S, McKay N, Parks S, Kemp E, Keat ing D. Repeatabil it y 

and reproducibi l i t y of  corneal t hickness measurement s by 

opt ical coherence tomography. Invest  Ophthalmol Vis Sci. 2002; 

43:1791-1795.

26. Mohamed S, Lee GK, Rao SK, Wong AL, Cheng AC, Li EY, et  al.  

Repeatabilit y and reproducibilit y of pachymetric mapping with 

Visante anterior segment-opt ical coherence tomography. Invest  

Ophthalmol Vis Sci. 2007;48:5499-5504.

27. Wildner K, Muller M, Dawczynski J,  St robel J.  [Comparison of  

the corneal thickness as measured by Visante anterior segment  

OCT versus ult rasound technique]. Klin Monatsbl Augenheilkd. 

2007;224:832-836.

28. Huang D, Li Y, Radhakrishnan S. Opt ical coherence tomography 

of the anterior segment  of the eye. Ophthalmol Clin North Am. 

2004;17:1-6.

29. Lee R,  Ahmed IIK.  Ant er ior  segment  opt ical  coherence 

t omography:  Non-cont act  high resolut ion imaging of  t he 

ant erior chamber.  Techniques in Opht halmology.  2006;4: 

120-127.

30. Li H, Leung CK, Wong L, Cheung CY, Pang CP, Weinreb RN, et  al. 

Comparat ive Study of Cent ral Corneal Thickness Measurement  

wit h Sl it -Lamp Opt ical  Coherence Tomography and Visant e 

Opt ical  Coherence Tomography.  Opht halmology.  2008;115: 

796-801.

31. Sorbara L, Maram J, Fonn D, Woods C, Simpson T. Met rics of the 

normal cornea: anterior segment  imaging with the Visante OCT. 

Clinical and Experimental Optometry. 2010;93:150-156.

32. Asai-Coakwell M, Backhouse C, Casey RJ, Gage PJ, Lehmann 

OJ.  Reduced human and murine corneal  t hickness in an 

Axenfeld-Rieger syndrome subtype. Invest  Ophthalmol Vis Sci.  

2006;47:4905-4909.

33. Aurich H, Wirbelauer C, Jaroszewski J, Hartmann C, Pham DT. 

Cont inuous measurement  of  corneal dehydrat ion with online 

opt ical coherence pachymetry. Cornea. 2006;25:182-184.

34. Feng Y, Varikooty J,  Simpson TL. Diurnal variat ion of  corneal 

and corneal  epi t hel ial  t hickness measured using opt ical 

coherence tomography. Cornea. 2001;20:480-483.

35. Haque S,  Fonn D,  Simpson T,  Jones L.  Corneal  ref ract ive 

therapy with dif ferent  lens materials, part  1: corneal, st romal, 

and epit hel ial  t hickness changes.  Opt om Vis Sci.  2007;84: 

343-348.

36. Dought y MJ,  Zaman ML.  Human corneal  t hickness and i t s 

impact  on int raocular pressure measures:  A review and 

meta-analysis approach.  Survey of  Ophthalmology.  2000;44: 

367-408.

37. Wong ACM, Wong CC, Yuen NSY, Hui SP. Correlat ional study of 

cent ral corneal thickness measurements on Hong Kong Chinese 

using opt ical coherence tomography, Orbscan and ult rasound 

pachymetry. Eye. 2002;16:715-721.

38. Marsich MM,  Bul l imore MA.  The repeat abi l i t y of  corneal

thickness measures. Cornea. 2000;19:792-795.

39. Bechmann M, Thiel MJ, Roesen B, Ullrich S, Ulbig MW, Ludwig K. 

Cent ral corneal thickness determined with opt ical coherence 

tomography in various types of glaucoma. Br J Ophthal.  2000; 

84:1233-1237.

40. Gordon MO, Beiser JA, Brandt  JD, Heuer DK, Higginbotham EJ, 

Johnson CA, et  al.  The Ocular Hypertension Treatment  Study: 

Baseline factors that  predict  the onset  of  primary open-angle 

glaucoma. Arch Ophthalmol. 2002;120:714-720.

41. Zhao PS, Wong TY, Wong WL, Saw SM, Aung T. Comparison of 

cent ral corneal t hickness measurements by Visante anterior 

segment  opt ical  coherence t omography wi t h ul t rasound 

pachymetry. Am J Ophthalmol. 2007;143:1047-1049.

42. Moezzi AM, Sin S, Simpson TL. Novel pachomet ry calibrat ion. 

Optom Vis Sci. 2006;83:366-371.

43. Wolf fsohn JS, Peterson RC. Anterior ophthalmic imaging. Clin 

Exp Optom. 2006;89:205-214.

44. Edmund C, La C. Some components af fect ing the precision of  

corneal  t hickness measurement  per f ormed by opt ical 

pachometry. Acta Ophthalmol (Copenh). 1986;64:499-503.

45. Lat t imore MR,  Kaupp S,  Schal lhorn S,  Lewis R.  Orbscan 

pachymet ry: implicat ions of a repeated measures and diurnal 

variat ion analysis. Ophthalmology 1999;106:977-981.

46. Madgula IM, Kot ta S. St ratus opt ical coherence tomogram III:  a 

novel, reliable and accurate way to measure corneal thickness. 

Indian J Ophthalmol. 2007;55:301-303.

47. Olsen T, Nielsen CB, Ehlers N. On the opt ical measurement  of a 

corneal thickness. I. Opt ical principle and sources of error. Acta 

Ophthalmol (Copenh). 1980;58:760-766.

48. Bland J,  Al t man DG.  St at ist ical  met hods f or  assessing 

agreement  between two methods of  cl inical measurement . 

Lancet . 1986;i:307-310.

49. Dunn G.  Regression models for met hod comparison dat a. 

Journal of Biopharmaceut ical Stat ist ics. 2007;17:739-756.

50. Hutchings N, Simpson TL, Hyun C, Moayed AA, Hariri S, Sorbara 

L, et  al. Swelling of the human cornea revealed by high-speed, 

ul t rahigh-resolut ion opt ical  coherence t omography.  Invest  

Ophthalmol Vis Sci. 2010;51:4579-4584.

51. Lu F, Xu S, Qu J, Shen M, Wang X, Fang H, et  al. Cent ral corneal 

t hickness and corneal  hyst eresis during corneal  swel l ing 



Accuracy of Visante and Zeiss-Humphrey OCT and their calibrat ion 155

induced by cont act  lens wear wi t h eye closure.  Am J 

Ophthalmol. 2007;143:616-622.

52. Larsen M, Wang M, Sander B. Overnight  thickness variat ion in 

diabet ic macular edema. Invest  Ophthalmol Vis Sci.  2005;46: 

2313-2316.

53. Bayrakt ar S,  Bayrakt ar Z.  Cent ral  corneal  t hickness and 

int raocular pressure relat ionship in eyes wit h and wit hout  

previous LASIK:  compar ison of  Goldmann applanat ion 

tonometer with pneumatonometer. Eur J Ophthalmol. 2005;15: 

81-88.

54. Grewal DS, Brar GS, Grewal SP. Assessment  of  cent ral corneal 

t hickness in normal ,  kerat oconus,  and post -laser in si t u 

kerat omi leusis eyes using Scheimpf lug imaging,  spect ral 

domain opt ical  coherence t omography,  and ul t rasound 

pachymetry. J Cataract  Refract  Surg. 2010;36:954-964.

55. Yenerel  NM,  Kucumen RB,  Gorgun E.  Changes in corneal 

biomechanics in pat ients with keratoconus af ter penet rat ing 

keratoplasty. Cornea. 2010;29:1247-1251.

56. Fat t  I,  Harris MG. Refract ive index of the cornea as a funct ion 

of  it s thickness. Am J Optom Arch Am Acad Optom. 1973;50: 

383-386.

57. Vasudevan B, Simpson TL, Sivak JG. Regional variat ion in the 

refract ive-index of  the bovine and human cornea. Optom Vis 

Sci. 2008;85:977-981.

58. Patel S.  Some theoret ical factors governing the accuracy of 

corneal-t hickness measurement .  Opht halmic Physiol  Opt . 

1981;1:193-203.

59. Mandel l  RB.  Cor neal  power  cor r ect i on f act or  f or 

photorefract ive keratectomy. J Refract  Corneal Surg. 1994;10: 

125-128.

60. Dunne MC, Davies LN, Wolf fsohn JS. Accuracy of  cornea and 

lens biomet ry using ant erior segment  opt ical  coherence 

tomography. J Biomed Opt . 2007;12:064023.

61. Mont eiro PML,  Hul l  CC.  The ef fect  of  videokerat oscope 

faceplat e design on radius of  curvat ure maps.  Opht halmic 

Physiol Opt . 2007;27:76-84.

62. Prospero P,  Rocha KM, Smit h SD,  Krueger RR.  Cent ral  and 

peripheral corneal thickness measured with opt ical coherence 

tomography, Scheimp  ug imaging, and ult rasound pachymetry in 

normal ,  kerat oconus-suspect ,  and post - l aser  i n si t u 

keratomileusis eyes. J Cataract  Refract  Surg. 2009;35:1055-1062.

63. Patel S, Alio JL, Artola A. Changes in the refract ive index of the 

human corneal st roma during laser in sit u kerat omileusis. 

Effects of exposure t ime and method used to create the  ap. J 

Cataract  Refract  Surg. 2008;34:1077-1082.

64. Feng Y, Simpson TL. Comparison of human cent ral cornea and 

limbus in vivo using opt ical coherence tomography. Optom Vis 

Sci. 2005;82:416-419.


	Accuracy of Visante and Zeiss-Humphrey Optical Coherence Tomographers and their cross calibration with optical pachymetry and physical references
	Introduction
	Methods
	Lenses
	Instrumentation
	Procedure
	Data analysis

	Results
	Discussion
	Summary


