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Abstract: Objective:The objective of this study  is to investigate the agreement between a   rotating
Scheimpflug camera i:e Pentacam, (ALLEGRO Oculyzer Version 1074; Allergo,Germany) and  OPD
Scan (Nidek ARK-1000,Nidek Co LTD,Japan) in measuring the corneal power  and the axes of the
sim K readings of normal eyes. Design: Case-control study. Participants: for 117  eyes ( of 64
Egyptian  patients ),the mean corneal powers calculated by simulated keratometry (SimK) as well as
their axes by  OPD Scan were compared to those provided by the  Pentacam .n  Methods:The mean
corneal powers calculated by simulated keratometry (SimK) as well as their axes by  OPD Scan were
compared to those provided by the  Pentacam in  the eyes under study. Specifically, the corneal
power values of the Pentacam included in this analysis were the SimK (calculated using the measured
anterior corneal radius and standard keratometric index of 1.3375).For the entire sample,the K1 ,K2
and mean K reading(D) for each patient by OPD and by Pentacam were subjected to statistical
analysis including Mean value ,Standard deviation,Minimum value,maximal value,Correlation of the
measurements by both machines and Student “t” test for comparison of the measurements between
both machines.The power of the minus astigmatism for  the entire sample by OPD and Pentacam was
subjected to statistical analysis including : Mean value,Standard deviation,Minimum value,maximal
value Correlation of the measurements by both machines and Student “t” for comparison of the
measurements between both machines. Correlation and compatison (Student “t” test) of the axes of
K1(flattest meridian)and K2(steepest meridian ) for the entire sample by OPD and Pentacam was also
performed.Correlation and compatison (Student “t” test) of the axis of K1(flattest meridian) by OPD
and Pentacam with the axis of the minus cylinder by refraction for the entire sample was also
performed.Correlation and compatison (Student “t” test) of the mean value of minus cylinder by OPD
and Pentacam with the mean value of the minus cylinder by refraction for the entire sample was also
performed.For Correlation and Comparison(Student “t” test) tests,the probability and significance levels
of the results were denoted. Main Outcome Measures: K1and K2 power and axis measurement by
Pentacam and OPD in normal corneas of refractive surgery patients. Results:The mean values for
K1,K2 & mean K by OPD were 43.33±1.54D, 44.83±1.56D & 44.08±1.46 D respectively and by
Pentacam 43.12±1.50D, 44.62±1.58D & 43.91±1.44D respectively and there is  a non significant
difference and a highly significant correlation between both machines for these measures. For the

power of the minus astigmatism(D), the mean value for entire sample by OPD  was 1.52±1.01D &
by Pentacam was 1.59D±1.04D and there is a non significant difference and a highly significant
correlation between both machines. For the axes of K1&K2, there  is a non significant difference and
a highly significant correlation between both machines. A non significant difference and a highly
significant correlation was found between axis of flattest meridian(K1) by OPD and Pentacam and

the axis of minus cylinder by refraction  for entire sample.And similarly, a non significant difference
and a highly significant correlation was found between the mean value for minus cylinder by
(OPD&Pentacam) and by refraction for entire sample. Conclusion:Pentacam is almost equally accurate

and reliable compared to OPD in detection of power and axes of K readings in normal corneas and
is a very useful tool for achieving accuracy in refractive surgery. Financial disclosure(s): The author
has no proprietary or commercial interest in any of the materials discussed in this article.
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Computerized corneal topography presents a precise and detailed mapping of the anterior corneal surface,
which is the main determinant of the refractive power of the eye (Buratto and Brint, 2000). It provides
information about the entire corneal surface and allows studying significant parameters such as, keratometric
measurements, diopteric power and allows comparison between the preoperative and postoperative cornea in
refractive procedures (Gills, 1994). This is is essential for practicing, planning and later monitoring refractive
or cataract surgery (Charman, 1983; Atchison, et al., 2000; Artal and Guirao. 1998; Guirao and Artal, 2000).
It is also extremely useful in other research and clinical techniques such as corneal refractive therapy,contact
lens practice, detection, evaluation and follow-up of glaucoma, keratoconus and other corneal pathologies whose
diagnosis has much improved with the latest topographic systems (Jongsma, de Brabander et al., 1999; Wilson
SE,Klyce SD., 1994). In recent years different systems have been developed to analyse and characterise the
anterior segment of the eye like the OPD scan( optical path difference scanning system) and the a rotating
Scheimpflug camera i:e Pentacam which will be the focus of this study.

The purpose of this study is to investigate the agreement between a rotating Scheimpflug camera i:e
Pentacam, (ALLEGRO Oculyzer Version 1074; Allergo,Germany) and OPD Scan (Nidek ARK-1000,Nidek Co
LTD,Japan) in measuring the corneal power and the axes of the sim K readings of normal eyes.

MATERIALS AND METHODS

117 eyes of (64 egyptian patients) seeking for refractive surgery; 72 female(F) eyes (of 38 F patients) and
45 male(M) eyes(of 26 M patients) with a mean age of 26.7±5.6 years standard deviation were recruited for
the study. All subjects had normal eyes without corneal abnormalities as verified by slit lamp examination. Soft
contact lens wearers were included but were required not to wear contact lenses for at least one week  before
the investigations. The refractive error was measured with an autorefractometer model Topcon RM 5000, Japan
and confirmed by trial. The mean spherical equivalent was  -6.41 ± 3.76 D standard deviation. 

Fig.1: OPD Scan (Nidek ARK-1000,Nidek Co LTD,Japan) printout.
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The cylinder had a mean value of -1.74±1.27D standard deviation .Measurements were taken on one or
both eyes according to patients demands for refractive surgery at least 3 hours after awakening.Corneal
topography was determined with 2 different modalities: OPD Scan (Nidek ARK-1000,Nidek Co LTD, Japan 
Fig 1: that utilizes the principle of skiascopic phase difference for refractive map measurement where the retina
is scanned by infrared light slit beam and the reflected light is captured by an array of rotating photodetectors
over a 360 degrees area combined with corneal topography that functions via a placido disc technology and
by this combination,misalignment problems are minimized and data reliability is enhanced) and a rotating

Scheimpflug camera i:e Pentacam, (ALLEGRO Oculyzer Version 1074; Allergo,Germany) (Fig 2) that uses
a rotating Scheimpflug camera and a monochromatic slit light source (blue LED at 475 nm) that rotate together
around the optical axis of the eye. Within 2 seconds, the system rotates 180° and acquires 25 images that
contain 500 measurement points on the front and back corneal surfaces to draw a true elevation map and the
software allow the creation of sagittal and tangential maps). Each modality was carried out by the same
observer.

Fig.2: Pentacam, (ALLEGRO Oculyzer Version 1074; Allergo,Germany) printout.

Both tests were performed with the patient seated using a chinrest and forehead strap. The patient was
asked to keep both eyes open and to fixate on a fixation target. For OPD;Only good quality photographs were
included in the study and for Pentacam; photographs with Quality Specification (QS ) denoting : OK were
only included in the study. For OPD ;SIM KS(Denoting the diopteric power of the flattest and the Steepest
meredians and their axes) were taken and for Pentacam;K1 denoting the diopteric power of the flattest
meridian and its axis and K2 denoting the diopteric power of the steepest meridian and its axis were taken.

Statistical Analysis:

For the entire sample,the K1, K2 and mean K reading (D) for each patient by OPD and by Pentacam were
subjected to statistical analysis including Mean value, Standard deviation,Minimum value,maximal
value,Correlation of the measurements by both machines and Student “t” test for comparison of the
measurements between both machines. The power of the minus astigmatism for  the entire sample by OPD
and Pentacam was subjected to statistical analysis including: Mean value,Standard deviation,Minimum
value,maximal value Correlation of the measurements by both machines and Student “t” for comparison of the
measurements between both machines.
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Correlation and compatison (Student “t” test) of the axes of K1(flattest meridian)and K2 (steepest meridian)
for the entire sample by OPD and Pentacam was also performed. Correlation and compatison (Student “t” test)
of the axis of K1 (flattest meridian) by OPD and Pentacam with the axis of the minus cylinder by refraction
for the entire sample was also performed. Correlation and compatison (Student “t” test) of the mean value of
the minus cylinder by OPD and Pentacam with the mean value of the minus cylinder by refraction for the
entire sample was also performed.

For Correlation and Comparison(Student “t” test) tests,the probability and significance levels of the results
were denoted.

Results:

For the flattest meredian(K1), the mean value for entire sample by OPD  was 43.33 ±1.54D standard
deviation with a minimum value of 40.18D and a maximal value of 46.11D, while the mean value for entire
sample by Pentacam was 43.12±1.50D standard deviation with a minimum value of 40.1D and a maximal
value of 45.7D(Chart 1).The "t" test reveals a value of 0.31  (P= >0.05) denoting a non significant difference
between both machines(Table 1) and Pearson correlation reveals a value of 0.98 ( P= <0.01) denoting a highly
significant correlation between both machines (Table 2).

For the steepest meredian(K2), the mean value for entire sample by OPD  was 44.83D±1.56D standard
deviation with a minimum value of 41.46D and a maximal value of 48.56D, while the mean value for entire
sample by Pentacam was 44.62±1.58D standard deviation with a minimum value of 41.4D and a maximal
value of 48.6D(Chart 1).The "t" test reveals a value of 0.34  (P= >0.05) denoting a non significant difference
between both machines (Table1) and Pearson correlation reveals a value of 0.97 ( P= <0.01) denoting a highly
significant correlation between both machines (Table 2).

For the mean(K)reading, the mean value for entire sample by OPD  was 44.08±1.46D standard deviation
with a minimum value of 40.82D and a maximal value of 47.16D, while the mean value for entire sample by
Pentacam was 43.91±1.44 D standard deviation with a minimum value of 40.8D and a maximal value of
47.15D(chart 2).The "t" test reveals a value of 0.4 (P= >0.05) denoting a non significant difference between
both machines (Table3) and Pearson correlation reveals a value of 0.98 ( P= <0.01) denoting a highly
significant correlation between both machines (Table 4).

Chart 1: Mean values(D) for flattest(K1) and Steepest(K2) meredians by OPD & Pentacam.

For the power of the minus astigmatism(D), the mean value for entire sample by OPD  was 1.52±1.01D
standard deviation with a minimum value of 0.01D and a maximal value of 4.42D, while the mean value for
entire sample by Pentacam was 1.59±1.04D standard deviation with a minimum value of 0D and a maximal
value of 5.2D (chart 3).The "t" test reveals a value of 0.63 (P= >0.05) denoting a non significant difference
between both machines (Table5) and Pearson correlation reveals a value of 0.93 ( P= <0.01) denoting a highly
significant correlation between both machines(Table 6).
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Chart 2: Mean values(D) for mean (K) readings for entire sample by OPD & Pentacam.

Chart 3: Mean values(D) for the minus astigmatism for entire sample by OPD & Pentacam.

For the axis of the flattest meridian (K1), the "t" test reveals a value of 1 (P= >0.05) denoting a non
significant difference between both machines (i:e OPD&Pentacam) (Table7) and Pearson correlation reveals
a value of 0.65( P= <0.01) denoting a highly significant correlation between both machines (Table 8).

For the axis of the steepest meridian(K2), the "t" test reveals a value of 0.76(P= >0.05) denoting a non
significant difference between both machines(i:e OPD&Pentacam) (Table7) and Pearson correlation reveals a
value of 0.57( P= <0.01) denoting a highly significant correlation between both machines(Table 8). 

Comparison of the Axis of K1(flattest meridian) by OPD with the axis of minus cylinder by refraction 
for entire sample,Student "t" reveals a value of 0.35 (P= >0.05) denoting a non significant difference (Table
9) & Pearson correlation reveals a value of  0.55 (P= <0.01) denoting a highly significant correlation(Table
10). Similarly, Comparison of the Axis of K1(flattest meridian) by Pentacam with the axis of minus cylinder

by refraction  for entire sample,Student "t" reveals a value of 0.34 (P= >0.05) denoting a non significant
difference (Table 9) & Pearson correlation reveals a value of  0.45 (P= <0.01) denoting a highly significant
correlation (Table 10).
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Comparison of the mean value for minus cylinder by OPD and by refraction for entire sample,Student "t"
reveals a value of 0.17 (P= >0.05) denoting a non significant difference & Pearson correlation reveals a value
of  0.82 (P= <0.01) denoting a highly significant correlation. Comparison of the mean value for minus cylinder

by Pentacam and by refraction for entire sample,Student "t" reveals a value of 0.33 (P= >0.05) denoting a non
significant difference & Pearson correlation reveals a value of  0.74 (P= <0.01) denoting a highly significant
correlation.

Table 1: Mean values(D) for flattest(K1) and Steepest(K2) meridians(D) by OPD & Pentacam and their comparison by Student "t"  test.
 Item  Diopteric power  Diopteric power    "t" test  probability   Significance

(D)By OPD (D) by Pentacam
M ean value(D) for 43.33±1.54D 43.12±1.50D      0.31      >0.05 Non significant
the Flattest meredian
(K1) for entire sample
M ean value(D) for 44.83±1.56D 44.62±1.58D      0.34      >0.05 Non significant
the steepest meredian
(K2) for entire sample
 

Table 2: M ean values(D) for flattest(K1) and Steepest(K2) meridians by OPD & Pentacam and their correlation.
 Item Diopteric power Diopteric power  Correlation Probability Significance

 (D)By OPD (D) by Pentacam coeifficient"r"
M ean value(D) for the 43.33±1.54D 43.12±1.50D        0.98    <0.01 Highly
Flattest meredian (K1)  significant
for entire sample
M ean value(D) for the 44.83±1.56D 44.62±1.58D        0.97 <0.01 Highly
steepest meredian(K2)  significant
for entire sample

Table 3: M ean values(D) for mean (K) readings for entire sample by OPD & Pentacam and their comparison by Student "t" test.
Item Diopteric power Diopteric power "t" test probability Significance

(D)By OPD (D) by Pentacam
M ean value(D) for the 44.08±1.46 43.91±1.44 0.4    >0.05 Non significant
M ean "K" for entire sample

Table 4: M ean values(D) for mean (K) readings for entire sample by OPD & Pentacam and their correlation.
Item Diopteric power Diopteric power Correlation Probability Significance

 (D)By OPD (D) by Pentacam coefficient "r"
M ean value(D) for the M ean 44.08±1.46 43.91±1.44     0.98   <0.01 Highly
 "K" for entire sample  significant

Table 5: M ean values(D) for the minus astigmatism for entire sample by OPD & Pentacam and their comparison by Student "t" test.
Item By OPD  By Pentacam    "t" test  Probability  Significance
M ean value(D) for the minus 1.52±1.01D  1.59±1.04D  0.63 >0.05 Non significant
astigmatism for enire sample
   

Table 6: M ean values(D) for the minus astigmatism for entire sample by OPD & Pentacam and their correlation.
Item By OPD  By Pentacam Correlation  Probability  Significance
 coefficient "r"
M ean value(D) for the minus 1.52±1.01D  1.59±1.04D       0.93       <0.01  Highly
astigmatism for enire sample  significant
 

Table 7: Comparison of the Axes of ( K1) and (K2) for entire sample by OPD & Pentacam and their comparison by Student "t" test.
Item "t" test Probability Significance 
Comparison of the Axis of K1 1.0 >0.05 Non significant
for entire sample by OPD and
Pentacam
Comparison of the Axis of K2 0.76 >0.05 Non significant
for entire sample by OPD and
Pentacam
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Table 8: Correlation of the Axes of ( K1) and (K2) for entire sample by OPD & Pentacam 
Item Correlation coefficient "r" Probability Significance
Correlation of the Axis of K1 0.65 <0.01 Highly significant
for entire sample by OPD and
Pentacam
Correlation of the Axis of K2 0.57 <0.01 Highly significant
 for entire sample by OPD and
Pentacam

Table 9: Com parison of the Axis of  K1 (flattest meridian ) by  OPD & Pentacam  with the axis of the minus cylinder by refraction
for the entire sample by Student "t" test.

Item "t" test Probability Significance
Comparison of the Axis of K1 0.35 >0.05 Non significant
(flattest meridian) by OPD with
the axis of minus cylinder by
refraction  for entire sample
Comparison of the Axis of K1 0.34 >0.05 Non significant
(flattest meridian) by Pentacam
with the axis of minus cylinder
by refraction  for entire sample

Table 10: Correlation of the Axis of  K1 (flattest meridian ) by  OPD & Pentacam  with the axis of the minus cylinder by refraction
for the entire sample .

Item Correlation Coeifficient "r" Probability Significance
Correlation of the Axis of K1 0.55 <0.01 Highly significant
(flattest meridian) by OPD with
the axis of minus cylinder by
refraction  for entire sample
Corelation of the Axis of K1 0.45 <0.01 Highly significant
(flattest meridian) by Pentacam
with the axis of minus cylinder
by refraction  for entire sample

Discussion:

As mentioned before, precise and detailed mapping of the anterior corneal surface, which is the main
determinant of the refractive power of the eye is essential for practicing, planning and later monitoring
refractive or cataract surgery (Charman, 1983; Atchison, et al., 2000; Artal and Guirao. 1998; Guirao and Artal,
2000) and it is also extremely useful in other research and clinical techniques such as corneal refractive
therapy,contact lens practice, detection, evaluation and follow-up of glaucoma, keratoconus and other corneal
pathologies (Jongsma, J. de Brabander et al.,1999; Wilson and Klyce, 1994).

Several studies had been proposed to compare different corneal topographers to determine their reliability
(Giacomo Savini, et al., 2006; Sato Yoichi, et al., 2006; Maria Xiema Nunez,Clauia Blanco, 2009; Quisling,
2006. In this study I compared two commonly used machines for maping the anterior corneal surface namely,
OPD Scan (Nidek ARK-1000,Nidek Co LTD,Japan)and a rotating Scheimpflug camera i:ePentacam,
(ALLEGRO Oculyzer Version 1074; Allergo,Germany) to detect the agreement between both machines in
measuring the anterior corneal power  and the axes of the sim K readings of normal eyes and I found the
following:

For the flattest meredian(K1), the mean value for entire sample by OPD  was 43.33±1.54D standard
deviation while the mean value for entire sample by Pentacam was 43.12±1.50D standard deviation.The "t"
test reveals a value of 0.31 (P= >0.05) denoting a non significant difference between both machines and
Pearson correlation reveals a value of 0.98 ( P= <0.01) denoting a highly significant correlation between both
machines. For the steepest meredian(K2), the mean value for entire sample by OPD was 44.83±1.56D standard
deviation ,while the mean value for entire sample by Pentacam was 44.62±1.58D standard deviation.The "t"
test reveals a value of 0.34 (P= >0.05) denoting a non significant difference between both machines and
Pearson correlation reveals a value of 0.97 ( P= <0.01) denoting a highly significant correlation between both
machines.

For the mean (K) reading, the mean value for entire sample by OPD was 44.08±1.46D standard deviation,
while the mean value for entire sample by Pentacam was 43.91±1.44Dstandard deviation.The "t" test reveals
a value of 0.4 (P= >0.05) denoting a non significant difference between both machines and Pearson correlation
reveals a value of 0.98 ( P= <0.01) denoting a highly significant correlation between both machines.

Giacomo Savini, MD; Piero Barboni, MD etal 2009, found no statistically significant difference among

the mean SimK values  between three different corneal topographers(TMS-2: 43.20±1.51 diopters [D], Keratron
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Scout: 43.29±1.48 D, Pentacam: 43.25±1.53 D) (Giacomo Savini, 2009).
Sato Yoichi, MD, Kawamoto Koji ,MD etal 2006,found no statistically significant difference between mean

central corneal power measurement between videokeratoscope (TMS-2N, TOMEY) :43.2±1.4 D  and Pentacam

: 43.24±1.2 D  (Sato Yoichi, et al., 2006).
Studying the axis and power of astigmatism is of great importance in a variety of conditions including

Keratoconus (Ladan Espandar, 2010) and diagnosis of irregular astigmatism and corneal warpage (Panagiotis
Kompotiatis, 2009). I included in my study several statistical analyses concerning astigmatic axis and power

and I found the following in my study:  For the power of the minus astigmatism(D), the mean value for entire
sample by OPD  was 1.52±1.01D standard deviation, while the mean value for entire sample by Pentacam was
1.59±1.04D standard deviation. The "t" test reveals a value of 0.63 (P= >0.05) denoting a non significant
difference between both machines and Pearson correlation reveals a value of 0.93 ( P= <0.01) denoting a
highly significant correlation between both machines.

For the axis of the flattest meridian(K1), the "t" test reveals a value of 1 (P= >0.05) denoting a non
significant difference between both machines (i:e OPD&Pentacam) and Pearson correlation reveals a value of
0.65( P= <0.01) denoting a highly significant correlation between both machines. For the axis of the steepest

meridian(K2), the "t" test reveals a value of 0.76(P= >0.05) denoting a non significant difference between both
machines(i:e OPD&Pentacam) and Pearson correlation reveals a value of 0.57( P= <0.01) denoting a highly
significant correlation between both machines. Comparison of the Axis of K1(flattest meridian) by OPD with

the axis of minus cylinder by refraction  for entire sample,Student "t" reveals a value of 0.35 (P= >0.05)
denoting a non significant difference & Pearson correlation reveals a value of  0.55 (P= <0.01) denoting a
highly significant correlation.

Similarly, Comparison of the Axis of K1(flattest meridian) by Pentacam with the axis of minus cylinder

by refraction  for entire sample,Student "t" reveals a value of 0.34 (P= >0.05) denoting a non significant
difference & Pearson correlation reveals a value of  0.45 (P= <0.01) denoting a highly significant correlation.

Comparison of the mean value for minus cylinder by OPD and by refraction for entire sample,Student "t"
reveals a value of 0.17 (P= >0.05) denoting a non significant difference & Pearson correlation reveals a value
of  0.82 (P= <0.01) denoting a highly significant correlation. Comparison of the mean value for minus cylinder
by Pentacam and by refraction for entire sample,Student "t" reveals a value of 0.33 (P= >0.05) denoting a non
significant difference & Pearson correlation reveals a value of  0.74 (P= <0.01) denoting a highly significant
correlation. 

Results:

The mean values for K1,K2 & mean K by OPD was 43.33±1.54D, 44.83±1.56D & 44.08±1.46 D
respectively and by Pentacam 43.12±1.50D, 44.62±1.58D & 43.91±1.44D respectively and there is  a non
significant difference and a highly significant correlation between both machines for these measures. For the

power of the minus astigmatism(D), the mean value for entire sample by OPD  was 1.52±1.01D & by
Pentacam was 1.59D±1.04D and there is a non significant difference and a highly significant correlation
between both machines. For the axis of K1&K2, there  is a non significant difference and a highly significant
correlation between both machines. A non significant difference and a highly significant correlation was found
between axis of flattest meridian(K1) by OPD and Pentacam and the axis of minus cylinder by refraction  for
entire sample. And similarly, a non significant difference and a highly significant correlation was found
between the mean value for minus cylinder by (OPD&Pentacam) and by refraction for entire sample. 

Conclusion:

Pentacam is almost equally accurate and reliable compared to OPD in detection of power and axes of
K readings in normal corneas and is a very useful tool for achieving accuracy in refractive surgery.
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