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Abstract Purpose To compare the accuracy of

central corneal thickness (CCT) measurements by the

oculus pentacam scheimpflug system, with those

obtained with the DGH ultrasound pachymeter (UP)

and to assess the agreement between the two devices.

Methods In a prospective study, measurement agree-

ment was assessed in 984 eyes of 492 healthy

subjects using both oculus pentacam and ultrasonic

pachymetry at the Eye Consultants Center, Riyadh,

Saudi Arabia. Result In the measurement agreement

experiment, the mean CCT was 552.4 ± 37.0 lm

with oculus pentacam and 544.1 ± 35.4 lm with

ultrasonic pachymetry. Regression analysis showed a

high correlation between the values obtained with

both devices (r = 0.912, P \ 0.001). Compared with

UP, pentacam overestimated the CCT by a mean of

8.2 lm as demonstrated in a Bland-Altman plot.

Conclusion the CCT measurements by the pentacam

and UP are highly correlated. The pentacam agrees

well with UP and is a reliable alternative to UP in

CCT measurements.

Keywords Corneal thickness � Pentacam �
Ultrasound � Pachymetry � Agreement

Corneal thickness measurement (CCT) is an essential

factor when evaluating corneal health. It plays an

important role in both diagnostic and therapeutic

assessment of ocular pathologies. An ideal pachy-

metric device should be safe, precise, and reliable.

Many tools have been used in assessing CCT,

including ultrasound pachymetry (UP) [1], contact

and noncontact specular microscopy (SM) [2, 3],

optical coherence tomography (OCT) [4], ultrasound

biomicroscopy (UBM) [5, 6], slit-scanning corneal

topography (orbscan) [3, 7–11], confocal microscopy

[12], and the pentacam scheimpflug system [13–19].

UP is currently viewed as the gold standard in

measuring corneal thickness since it has a high

degree of intraoperator, interoperator, and interin-

strument reproducibility [1, 20–23]. However, this

technique requires corneal contact, and the perpen-

dicularity of the probe with respect to the cornea is

often difficult to ascertain. In addition, its accuracy

might be adversely influenced by changes in tissue

hydration caused by ultrasound speed through the

cornea [10].

The oculus pentacam is a fast, noncontact method

of measuring corneal thickness, which uses a rotating
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scheimpflug camera that provides a three–dimen-

sional scan of the anterior segment of the eye [24].

From the images acquired, information regarding the

anterior and posterior corneal topography, corneal

pachymetry, anterior chamber depth, angle, and lens

density can be evaluated. Due to video monitor

control, precise positioning of the instrument’s cam-

era system is assisted by magnification, thus avoiding

measurement bias due to incorrect centralization.

This prospective study was performed to compare

the agreement between CCT measurements by oculus

pentacam and UP in a large number of healthy

subjects.

Patients and methods

The oculus pentacam (Oculus Inc., Germany) and

DGH-1000 ultrasonic pachymetry (DGH technology,

Inc., San Diego, CA, USA) were used to measure

CCT the in a total of 984 eyes of 492 participants.

The subject had to be healthy except for myopia/

hyperopia and/or astigmatic ametropia. Any subjects

with history of ocular pathology such as glaucoma

and retinal disease, or any history of corneal disease

such as subclinical or clinical keratoconus or previous

ocular surgery, including refractive corneal surgery

and contact lens wearing, were excluded from the

study. In all patients visual acuity, refraction, intra-

ocular pressure (IOP), and disc status were evaluated.

The participants were informed about the purpose of

the study and gave informed consent before

inclusion.

For the oculus pentacam the patient was seated

with his or her chin on a chinrest and forehead

against the forehead strap and asked to fixate ahead

on a target. The operator visualizes a real-time

image of the patient’s eye on a computer screen,

with the machine marking the pupil edge and

center, and the corneal apex. The operator can

manually focus and align the image. Arrows are

displayed on the screen that guide the operator’s

alignment of the instrument in the horizontal,

vertical, and anteroposterior axes. To reduce oper-

ator-dependent variables, the pentacam’s automatic

release mode was used. In this mode, the instrument

automatically determines when correct focus and

alignment with the corneal apex have been achieved

and then performs a scan in less than 2 s, the

rotating camera captures up to 50 slit images of the

anterior segment, while minute eye movements are

captured by the second camera and corrected

simultaneously. Each slit image consists of 500

true elevation points.

Mathematical software is used to detect the edge in

each slit image, including the epithelium and endo-

thelium of the cornea. The anterior surface of the

cornea is calculated with no optical distortion and,

according to the manufacturer, the tear film has no

effect on measurements. Single-point pachymetric

measurements of the entire cornea are calculated

from the calculated front and back surfaces using ray

tracing, with the calculation taking into account

optical distortions. Since the center of the cornea is

measured repeatedly during the rotational imaging

process (in each of the images), very precise CCT

measurements can be achieved. All measurements

were taken by a single observer.

UP was determined using an A-scan ultrasonic

pachymetry (DGH Technology, Inc.). The pachyme-

ter was precalibrated for all measurements. The

ultrasonic velocity was set at 1640 m/s. Topical

anesthesia with Novesin (0.4% Benoxinate Hydro-

chloride) was used. CCT was measured with patients

seated upright. A handheld probe was aligned as

perpendicular as possible on the central cornea. Five

readings were obtained and averaged. Pentacam

readings were taken first to avoid any potential

disturbance caused by corneal contact in the ultra-

sonic pachymetry. All measurements were taken

between 16:00 and 21:00 by a single observer, who

was blinded to the pentacam results, which were

taken by another observer.

Statistical methods

The distributions of the CCT measurements of the

two methods were plotted in histograms. The Mann–

Whitney test was used to compare the means of the

two independent groups. Student’s t-test was used to

compare two proportions from the same sample.

A scatter graph and Pearson’s correlation coefficient

were used to investigate the linear relationship

between the CCT readings by UP versus those by

pentacam pachymetry. For the statistical tests, a

P-value OF less than 0.05 indicated statistical

significance.
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The agreement between the two methods was

investigated using A Bland-Altman plot and the

mountain plot. The Bland-Altman plot is a graph of

the differences between readings measured by the

two methods plotted on the Y-axis against the means

for the pairs of measurements plotted on the X-axis.

The upper and lower limits for the 95% confidence

interval for the mean differences are connected with a

horizontal straight lines, thus providing a sort of band

of plotted points that helps to visualize the extent of

agreement between the two methods. The Bland-

Altman plot is usually supplemented with the moun-

tain plot, which provides information about the

distribution of the differences between the two

methods. The Y-axis of the graph indicates the

percentiles of the distributions of the differences,

while the absolute differences between the readings

by the two methods is plotted on the X-axis. When the

two methods are in perfect agreement, the mountain

plot is supposed to be symmetrical about a value of

zero on the X-axis. SPSS 11.0 software and MedCalc

version 9 software were used for the statistical

analyses.

Results

CCT was measured in a total of 984 eyes of 492

healthy subjects using the oculus pentacam and UP.

Histograms of the distributions for the CCT mea-

surements for the two methods are shown in Figs. 1

and 2. Both distributions followed approximately a

normal distribution curve with a mean CCT of

552 ± 37.0 lm and 544.1 ± 35.4 lm for the penta-

cam pachymetry and UP values, respectively. The

two means differed significantly (P \ 0.001; Mann–

Whitney test).

There was high correlation between the CCT

readings by the two methods (r = 0.912, P \ 0.001;

Pearson’s correlation coefficient) (Fig. 3). Further-

more, the reliability of the two methods for

measuring CCT was high, as indicated by a value

of Cronbach’s a = 0.9542.

The Bland-Altman plot (Fig. 4) shows a large

cluster of plotted points of pentacam-ultrasound

differences falling within the 95% confidence limits

for the mean difference. This is an indication of

strong agreement between the two methods. A total

of 914/984 (93%) pentacam-ultrasound differences

were within the 95% confidence interval for the mean

difference and the limits of agreement between the

two methods were within ±16 lm. In addition, from

the Bland-Altman analysis the pentacam appeared to

be overestimating the CCT by 8.2 lm compared with

UP, as 95% of the differences in the readings

between the pentacam and UP lay between 38.1 lm

and –21.7 lm.

Fig. 1 Histogram of central corneal thickness as measured by

OCULUS pentacam

Fig. 2 Histogram of central corneal thickness as measured by

ultrasound pachymetry
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The prevalence rate of outlier readings outside the

95% confidence limits was 17/984 (1.7%) for the

pentacam, compared with 10/984 (1.0%) for ultra-

sound; the difference between the two percentages

was not statistically significant (P = 0.1814; Stu-

dent’s t-test for two proportions from the same

sample).

Figure 5 shows a mountain plot analysis demon-

strating percentiles of the differences in the

distribution of the pentacam minus UP values. The

median of the differences is close to zero, which

indicates good (but not perfect) agreement between

the two methods. The long tails in the plot indicate

that either method was susceptible to yielding outlier

readings, more so for the pentacam compared to UP

as can be seen in the graph.

Discussion

To our knowledge, this study reports the largest series

of eyes comparing CCT measurements between

pentacam and UP in healthy eyes, where we found

a good agreement between the two methods.

Barkana and coauthors [15] reported a low

(excellent) coefficient of repeatability and reproduc-

ibility for the pentacam scheimpflug device,

indicating that a reliable estimate of CCT can be

obtained in a single reading and is practically

operator independent.

In the present study, pentacam and UP measure-

ments particularly showed a highly significant

correlations with a standardized regression coefficient

(r = 0.912, P \ 0.001; Pearson’s correlation coeffi-

cient). This relation have already been seen in

previous studies [13, 17].

Bland-Altman analysis showed that the limit of

agreement between the pentacam and UP measure-

ments was good (±16 lm) over a wide range of mean

CCT. In addition, the analysis showed that the

pentacam overestimated the CCT by 8.2 lm com-

pared to UP, which agrees with the results in normal

subjects reported previously [13, 17–19]. However, in

contrast to the results of our study, O’Donnell et al.

[13] found that the pentacam provides measurements

that were slightly, but systematically, lower than UP

Fig. 3 A scattergraph plot of the central corneal thickness as

measured by pentacam versus ultrasound pachymetry

Fig. 4 Bland-Altman plot for pentacam minus ultrasound

differences

Fig. 5 Mountain plot demonstrating percentiles of differences

in the distribution of pentacam minus UP values
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measurements. We are not sure why this discrepancy

occurs, but we agree with some authors that, since the

ultrasound probe requires corneal contact, the use of a

handheld probe can produce an applanation force that

can displace the 7- to 30-lm-thick tear film; in

addition the compression may thin the epithelium,

thus resulting in a slightly thinner CCT when

measured with UP [6, 25].

Although a statistically significant difference was

found between the mean pentacam and UP CCT

measurements, from the Bland-Altman analysis the

mean difference (8.2 lm) was small, and it might be

argued that it is not clinically significant.

The main disadvantages of UP include the use of a

local anaesthetic, which may alter the corneal thick-

ness [26–28], and the location where the ultrasonic

probe is applied, which may vary in repeated

measurements because there is no fixation target for

controlling eye movement [23].

Noncontact pachymetry with precise control of

fixation can overcome these shortcomings. We believe

that the OCULUS pentacam achieves this and gives

comparable results to ultrasonic pachymetry on the

central cornea. In addition, the pentacam system

demonstrated stable peripheral CT measurements,

probably because an internal fixation target is provided

by the pentacam but is absent in ultrasonic pachymetry.

In addition, there is another camera in the pentacam

system that repeatedly monitors minute eye move-

ments during the rotational imaging process [15, 19].

The Orbscan has been widely used for topographic

pachymetry. It has been compared to UP giving a

thicker [1, 7], thinner [29, 30], or similar central CT

[11]. The pentacam is better than the Orbscan for

central pachymetry because it captures 25 slit images

on each acquisition with all the images involving the

central corneal region. In contrast, the Orbscan takes

40 independent images (20 scans to the right, and 20

to the left) but not of all the images are scanned from

the central region [27]. Further research is needed to

compare CCT measurements between orbscan and

oculus pentacam.

To summarize, the most important finding of this

study is that pentacam measurements were close to

those of UP, and that the Bland-Altman plot demon-

strated good agreement to UP.

In conclusion, the results from our study are based

on a large sample of 984 eyes in which the CCT was

measured using the pentacam and UP. Both tools

showed a high correlation. Mean pentacam measure-

ments were 8.2 lm higher than the thickness

measured by the gold-standard UP, and were consis-

tently so over a wide range of CCT values, as shown

in Bland-Altman plot. We believe that the OCULUS

pentacam is a reliable alternative to ultrasound

pachymetry and both tools may be used for CCT

measurements in healthy corneas without serious

distortion of the results.

Acknowledgments We would like to thank Bassam Abbara,

Hanan Basoudan, and Howaida Bakili for their help with data

processing.

References

1. Marsich MM, Bullimore MA (2000) The repeatability of

corneal thickness measures. Cornea 19:792–795

2. Bovelle R, Kaufman SC, Thompson HW, Hamano H

(1999) Corneal thickness measurements with the Topcon

SP-2000P specular microscope and an ultrasound pachy-

meter. Arch Ophthalmol 117:868–870

3. Modis L Jr, Langenbucher A, Seitz B (2001) Corneal

thickness measurements with contact, non contact specular

microscopic and ultrasonic pachymetry. Am J Ophthalmol

132:517–521

4. Bechmann M, Thiel MJ, Neubauer AS et al (2001) Central

corneal thickness measurement with a retinal optical

coherence tomography device versus standard ultrasonic

pachymetry. Cornea 20:50–54

5. Avitabile T, Marano F, Uva MG, Reibaldi A (1997)

Evaluation of central and peripheral corneal thickness with

ultrasound biomicroscopy in normal and keratoconic eyes.

Cornea 16:639–644

6. Tam ES, Rootman DS (2003) Comparison of central cor-

neal thickness measurements by specular microscopy,

ultrasound pachymetry, and ultrasound biomicroscopy. J

Cataract Refract Surg 29:1179–1184

7. Yaylali V, Kaufman SC, Thompson HW (1997) Corneal

thickness measurements with the Orbscan Topography

System and ultrasonic pachymetry. J Cataract Refract Surg

23:1345–1350

8. Fakhry MA, Artola A, Beida JI et al (2002) Comparison of

corneal pachymetry using ultrasound and Orbscan II. J

Cataract Refract Surg 28:248–252

9. Boscia F, La Tegola MG, Alessio G, Sborgia C (2002)

Accuracy of Orbscan optical pachymetry in corneas with

haze. J Cataract Refract Surg 28:253–258

10. Gonzalez-Meijome JM, Cervh;o A, Yebra-Pimentel E,

Parafita MA (2003) Central and peripheral corneal thickness

measurement with Orbscan II and topographical ultrasound

pachymetry. J Cataract Refract Surg 29:125–132

11. Suzuki S, Oshika T, Oki K et al (2003) Corneal thickness

measurements: scanning-slit corneal topography and non-

contact specular microscopy versus ultrasonic pachymetry.

J Cataract Refract Surg 29:1313–1318

Int Ophthalmol (2008) 28:333–338 337

123



12. Li HF, Petroll WM, Mol1er-Pedersen T et al (1997) Epi-

thelial and corneal thickness measurements by in vivo

confocal microscopy through focusing (CMTF). Curr Eye

Res 16:214–221

13. O’Donnell C, Maldonado-Codina C (2005) Agreement and

repeatability of central thickness measurement in normal

corneas using ultrasound pachymetry and the OCULUS

Pentacam. Cornea 24(8):920–924

14. Lackner B, Schmidinger G, Pieh S, Funovics MA, Skorpik

C (2005) Repeatability and reproducibility of central cor-

neal thickness measurement with Pentacam, Orbscan, and

ultrasound. Optom Vis Sci 82(10):892–899

15. Barkana Y, Gerber Y, Elbaz U, Schwartz S, Ken-Dror G,

Avni I, Zadok D (2005) Central corneal thickness mea-

surement with the Pentacam Scheimpflug system, optical

low- coherence reflectometry pachymeter, and ultrasound

pachymetry. J Cataract Refract Surg 31(9):1729–1735

16. Buehl W, Stojanac D, Sacu S, Drexler W, Findl O (2006)

Comparison of three methods of measuring corneal thickness

and anterior chamber depth. Am J Ophthalmol 141(1):7–12

17. Ucakhan OO, Ozkan M, Kanpolat A (2006) Corneal

thickness measurements in normal and keratoconic eyes:

Pentacam comprehensive eye scanner versus noncontact

specular microscopy and ultrasound pachymetry. J Cata-

ract Refract Surg 32(6):970–977

18. Fujioka M, Nakamura M,Tatsumi Y, Kusuhara A, Maeda

H, Negi A (2007) Comparison of Pentacam Scheimpflug

camera with ultrasound pachymetry and noncontact spec-

ular microscopy in measuring central corneal thickness.

Curr Eye Res 32(2):89

19. Lam AK, Chen D (2007) Pentacam pachometry: compar-

ison with non-contact specular microscopy on the central

cornea and inter-session repeatability on the peripheral

cornea. Clin Exp Optom 90(2):108–114

20. Giasson C, Forthomme D (1992) Comparison of central

corneal thickness measurements between optical and

ultrasound pachometers. Optom Vis Sci 69:236–241

21. Miglior S, Albe E, Guareschi M et al (2004) lntraobserver

and interobserver reproducibility in the evaluation of

ultrasonic pachymetry measurements of central corneal

thickness. Br J Ophthalmol 88:174–177

22. Rainer G, Pettemel V, Findl O et al (2002) Comparison of

ultrasound pachymetry and partial coherence interferome-

try in the measurement of central corneal thickness.

J Cataract Refract Surg 28:2142–2145

23. Gordon A, Boggess EA, Molinari JF (1990) Variability of

ultrasonic pachymetry. Optom Vis Sci 67:162–165

24. Holmen JB, Ekesten B, Lundgren B (2001) Anterior

chamber depth estimation by Scheimpflug photography.

Acta Ophthalmol Scand 79:576–579

25. Nissen J, Hjortdal JØ, Ehlers N et al (1991) A clinical

comparison of optical and ultrasonic pachymetry. Acta

Ophthalmol 69:659–663

26. Herse P, Siu A (1992) Short-term effects of proparacaine

on human corneal thickness. Acta Ophthalmol Scand

70:740–744

27. Asensio I, Rahhal SM, Alonso L, Palanca-Sanfrancisco

JM, Sanchis-Gimeno JA (2003) Corneal thickness values

before and after oxybyprocaine 0.4% eye drops. Cornea

22:527–532

28. Nam SM, Lee HK, Kim EK, Seo KY (2006) Comparison

of corneal thickness after the instillation of topical anes-

thetics: proparacaine versus oxybuprocaine. Cornea 25:51–

54

29. Iskander NG, Anderson Penno E, Peters NT, Gimbel HV,

Ferensowicz M (2001) Accuracy of Orbscan pachymetry

measurements and DHG ultrasound pachymetry in primary

laser in situ keratomileusis and LSIK enhancement pro-

cedures. J Cataract Refract Surg 27:681–685

30. Rainer G, Findl O, Vanessa P, Kiss B, Drexler W,

Skorpik C, Georgopoulos M, Schmetterer L (2004)

Central corneal thickness measurements with partial

coherence interferometry, ultrasound, and the Orbscan

system. Ophthalmology 111:875–879

338 Int Ophthalmol (2008) 28:333–338

123


	Comparison between central corneal thickness measurements by oculus pentacam and ultrasonic pachymetry
	Abstract
	Patients and methods
	Statistical methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


