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Abstract 

Background: Accurate quantitative measurements of central corneal thickness (CCT) provide valuable, clinical infor‑
mation for preoperative assessment, surgical planning, and follow‑up in myopic patients who have undergone LASIK 
correction. Typically, an ultrasound is used to measure such parameters. However, noncontact devices such as the 
Visante anterior segment optical coherence tomographer [AS‑optical coherence tomography (OCT)] and Pentacam 
are becoming more popular to measure ocular parameters. It is important to assess the level of similarity between 
these two optical devices to compare between the intended and achieved ablation depth after LASIK procedures in 
cases of myopia and myopic astigmatism.

Methods: This cross‑sectional, prospective study included 80 eyes of 40 patients attending Beni‑Suef University 
Hospital between November 2018 and November 2019. All patients underwent LASIK surgery for the correction of 
myopia with or without myopic astigmatism with spherical equivalent ranging from − 1.5 to − 12 diopters.

Results: No statistically significant difference was observed between the intended ablation depth and the clinically 
measured ablation depth calculated by Pentacam and AS‑OCT 3 months after surgery (P > 0.05).

Conclusion: When planning corneal refraction surgery, ablation depth readouts calculated by the computer soft‑
ware of the excimer laser used in this study are reliable. Both Pentacam and AS‑OCT are accurate, sensitive, and spe‑
cific in measuring the CCT and calculating ablation depth. Pentacam provides slightly higher accuracy and sensitivity 
compared with AS‑OCT. LASIK is a safe, predictable, and effective procedure in the treatment of simple myopia and 
myopic astigmatism.
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1  Background
It is possible to reduce or eliminate refractive errors 
in the eyes by undergoing corneal laser refractive sur-
gery [1]. At present, refractive defect reduction is the 
most effective operation method. Significant advantages 
include submicron ablation precision and negligible side 
effects. Typical ablations use a sequence of laser pulses 
to eliminate enough corneal tissue to achieve the desired 

result. All phases of refractive correction depend on the 
thickness of the cornea [2]. The majority of tissue loss 
results in refractive change [3], and the thickness of the 
cornea gives structural stability [4]. Overcorrection and 
inadequate rest of the cornea may lead to increased risk 
of keratectasia following intervention with deeper than 
intended ablations [5].

Since iatrogenic keratectasia is now considered to be 
caused by excessive tissue ablation in the stromal bed, 
appropriate estimates offer a theoretical resolution to 
the amount of reliable ablation. This could be especially 
important for individuals who have experienced laser 
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refractive surgery that did not provide the desired out-
come, because it would be helpful for future treatments 
[6]. It is now possible to measure the depth of the cor-
nea using novel methods based on optical coherence 
pachymetry (OCP) and Scheimpflug [7, 8]. While OCP 
relies on low-consistency interferometry, Scheimpflug’s 
approach relies on optic corneal segmentation to deter-
mine corneal thickness [9].

Using Scheimpflug’s technology, Pentacam rotates to 
take photographs of the retina in front of the subject’s 
eyes. Photographs taken with the Scheimpflug tech-
nique are clear and sharp, capturing data from the front 
of the cornea to the back of the lens. It is also possible 
to do topographical examinations for the real elevation of 
corneal faces and surfaces with the Pentacam by moving 
from one side of the eye to the other [10].

In evaluating the cornea and its form, one of the most 
critical measurements is the exact thickness, which varies 
between the front and back surfaces. With its high-preci-
sion data on the front and rear corneal areas, the Penta-
cam is projected to yield at least 25,000 measurements of 
the corneal width and length [11]. With its lack of contact 
and excellent axial resolution, optical coherence tomog-
raphy (OCT) is ideal for cross-sectional imaging of tis-
sues and organs. Direct evaluation of corneal thickness 
and anatomical sheets in the corneas may also be done 
using OCT. Using optical light scattering, it is possible 
to obtain cross-sectional pictures of the cornea, simi-
lar to those produced by B-scan ultrasounds. While the 
early influence of laser in situ keratomileusis (LASIK) on 
the corneal microstructure may be investigated without 
influencing postoperative flapping positions and align-
ments, there is no direct eye contact [12].

It is crucial to have an estimate of ablation depth for 
two reasons. First, surgeons can determine the “percent 
tissue changed” (PTA) to limit the danger of ectasia. Sec-
ond, if the preoperatively estimated ablation depth was 
incorrect, it may be utilized, postoperatively, to deter-
mine whether a residual refractive error is dependent on 
the ablation depth [6].

Research on the discrepancy between estimated and 
postoperative ablation depth has revealed mixed find-
ings [11]. The current study compared the intended and 
achieved ablation depth 3  months after LASIK proce-
dures in cases of myopia and myopic astigmatism using 
Pentacam and anterior segment OCT. Comparisons were 
also made between readings of the two approaches.

2  Methods
2.1  Study design
This prospective follow-up study included 80 eyes from 
40 myopic individuals over the age of 18 with or with-
out myopic astigmatism with a spherical equivalent 

ranging from − 1.5 to − 12 diopters. Several aspects of 
the patients’ history were excluded from this study. These 
included corneal pathology (abnormal corneal topogra-
phy, corneal dystrophies, and severe dry eye syndrome), 
anterior segment pathology (cataracts and glaucoma), 
retinal pathology (retinal tears or detachments), and 
patient medications that affect corneal healing or the 
ability to fight infection.

2.2  Methods
A thorough ocular and medical history was taken from 
all patients prior to surgery, including previous refractive 
documents and glasses, history of contact lenses, previ-
ous medical treatments, previous ocular surgical interfer-
ence, history of relevant systemic disorders, pregnancy, 
and lactation. All aspects of eye health were examined, 
including the corneal surface, anterior segment, and iris. 
Intraocular pressure (IOP) was measured with applana-
tion tonometry “Goldmann” and the duochrome test. The 
sphere and cylinder were assessed using the cross-cylin-
der method for refractive refinement. Corneal imaging 
using Pentacam HR® Oculus Inc. evaluated the anterior 
and posterior corneal curvatures and corneal thickness. 
Central corneal thickness (CCT) was measured using an 
A-S OCT® SPECTRALIS Heidelberg engineer.

The 80 eyes included in the study underwent LASIK 
surgery with the excimer laser system. Laser ablation 
was done with an Allegretto WaveLight EX500 Excimer 
Laser (WaveLight AG, Germany). The following meth-
ods were used to check on all patients 1 day, 1 week, and 
3 months post-surgery. Corneal and anterior segment slit 
lamp inspection was done to determine epithelial recov-
ery and the incidence of any sequelae. The uncorrected 
visual acuity (UCVA) and best-corrected visual acuity 
(BCVA) were measured. Apparent refraction with refine-
ment of the sphere was detected using the duochrome 
test and refinement of the cylinder using the cross-cyl-
inder method. Measurements of CCT were taken using 
anterior segment OCT and Pentacam HR at 3  months, 
postoperatively. The true central ablation depth can be 
identified using comparisons between the pachymetry 
data collected with the Pentacam and anterior segment 
OCT both before surgery and 3  months after surgery. 
According to WaveLight software calculations, the antici-
pated ablation depth was compared to central ablation 
depth measured by Pentacam and anterior segment OCT.

2.3  Statistical analysis
Data analysis was performed using SPSS v. 25 (Statisti-
cal Package for Social science) for Windows (IBM Corp. 
Released 2017. IBM SPSS Statistics for Windows, ver-
sion 25.0. Armonk, NY: IBM Corp.) Means and stand-
ard deviations (SDs) were used to describe quantitative 
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variables, whereas numbers (No.) and percentages were 
used to represent the total number of qualitative vari-
ables. The difference between the two groups in terms of 
scale variables was detected using either an independent 
T test for parametric data or the Mann–Whitney U test 
for nonparametric data. The Fisher exact Chi-square test 
was performed to detect a difference in the categorical 
variables between the two groups. The paired t test was 
used to compare pre- and postoperative scale param-
eters. Findings were considered significant when the P 
value ≤ 0.05. The linear correlation between Pentacam 
and AS-OCT measurements was evaluated using Pear-
son’s correlation analysis. Correlation graphs were drawn 
for significant correlation, with significance indicated 
when P < 0.05. Correlation is considered positive (direct 
correlation) when r (correlation coefficient) had a + sig-
nal and negative (inverse correlation) in the case of a – 
signal. Correlation is considered weak when r is between 
0 and 0.35, moderate when r is between 0.35 and 0.65, 
and strong when r is greater than 0.65. The receiver oper-
ating characteristic (ROC) curve was used to estimate 
the sensitivity and specificity of Pentacam and AS-OCT 
measurements of CCT in identifying the desired ablation 
after LASIK. These results were reported as area under 
the curve (AUC) and 95% confidence intervals. A cutoff 
value was defined as that with the highest validity.

3  Results
This current study involved 80 eyes from 40 patients 
who had simple myopia with or without myopic astig-
matism. Of the included patients, 24 were males (60%) 
and 16 were females (40%). Patients ranged in age from 
18 to 42 with an average age of 28.55 ± 7.23. The preop-
erative sphere equivalent error fluctuated from − 1.50 D 
to − 12.00 D with a mean of − 6.15 ± 3.14 D.

In the third postoperative month, the spherical 
equivalent error ranged from 0 D to − 1 D with a mean 
of − 0.27 ± 0.37 D. A statistically significant difference 
was observed between preoperative and third month 
spherical equivalent error assessments (P = 0.001). The 
mean preoperative UCVA was − 0.035 ± 0.05 Log MAR. 
The mean UCVA in the third postoperative month was 
0.035 ± 0.05 Log MAR. This represented a statistically 
significant difference in UVCA between preoperative 
and third postoperative month (P value < 0.001). The 
mean preoperative BCVA was 0.025 ± 0.072 Log MAR, 
whereas the mean BCVA was 0.0075 ± 0.075 Log MAR 
in the third postoperative month. The difference in 
BCVA was not statistically significant between preop-
erative and third postoperative month (P value = 0.070) 
(Table 2).

Preoperative CCT measured by Pentacam ranged from 
519 to 631 μm with a mean value of 581.44 ± 31.07 μm. 

Meanwhile, after LASIK surgery, it ranged from 429 to 
552 μm with a mean thickness of 502.68 ± 26.15 μm. This 
result was statistically significant between preoperative 
and postoperative CCT (P < 0.0001). As for AS-OCT, pre-
operative CCT ranged from 525 to 650 μm with a mean 
thickness of 590.85 ± 29.18 μm. Meanwhile, post-LASIK 
surgery CCT measured by AS-OCT ranged from 430 
to 600  μm with a mean thickness of 512.8 ± 29.15  μm. 
Once again, this was a statistically significant difference 
between pre- and postoperative CCT (P < 0.0001). Over-
all, there was a statistically significant difference between 
preoperative CCT measured by both Pentacam and AS-
OCT (P value = 0.032) (Table 1).

The third postoperative month CCT measured by Pen-
tacam ranged from 429 to 552  μm with a mean value 
502.68 ± 26.15  μm. CCT measured by AS-OCT ranged 
from 430 to 600 μm with a mean value 512.8 ± 29.15 μm. 
No statistically significant difference was observed 
between CCT measured by Pentacam and AS-OCT in 
the third postoperative month (P value = 0.098) (Table 2).

CCTs were compared between AS-OCT and Pen-
tacam readings before and after LASIK. In both situ-
ations, OCT measurements correlated very well with 
Pentacam (r = 0.950 and 0.916 before and after LASIK 
surgery, respectively) (Table 3).

Table 1 Comparison between preoperative CCT measurement 
using Pentacam and AS‑OCT; (N = 80)

CCT Minimum Maximum Mean SD P value

Pentacam 519.00 631.00 581.44 31.07 0.032

AS‑OCT 525.00 650.00 590.57 29.18

Table 2 Comparison between third month postoperative CCT 
measurement using Pentacam and AS‑OCT; (N = 80)

CCT Minimum Maximum Mean SD P value

Pentacam 429.00 552.00 502.68 26.15 0.098

AS‑OCT 430.00 600.00 512.18 29.15

Table 3 Correlation between CCT measurements with 
Pentacam and AS‑OCT pre‑ and post‑LASIK; (N = 80)

CCT by Pentacam

Pre-LASIK Third 
month 
post-LASIK

CCT by AS‑OCT

 Pearson correlation 0.950 0.916

P value < 0.001 < 0.001
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The calculated (intended) ablation depth ranged from 
22 to 133  μm with a mean value of 78.60 ± 34.05  μm. 
The real ablation calculated 3  months postoperative 
by Pentacam ranged from 21 to 143  μm with a mean 
value of 78.75 ± 34.21 μm. As for AS-OCT, the ablation 
depth ranged from 23 to 160  μm with a mean value of 
78.38 ± 36 μm. No statistically significant difference was 
observed between intended ablation depth and clinically 
measured ablation depth calculated by the two devices (P 
values > 0.05) (Table 4).

The calculated (intended) ablation depth was com-
pared with the real ablation calculated by Pentacam and 
AS-OCT. In both situations, the calculated (intended) 
ablation depth correlated very well with the real ablation 
calculated by Pentacam and AS-OCT (Pearson correla-
tion r 0.974 before surgery and 0.863 for Pentacam and 
AS-OCT, respectively) (Table 5).

If the intended ablation depth calculated by the Wave-
Light EX500 excimer laser (Alcon) computer software is 
the standard, we compared that to that measured by Pen-
tacam. A ROC curve study was used to evaluate the pre-
cision of Pentacam measurements of CCT in detecting 
the intended ablation post-LASIK. The results of ROC 
curve analysis showed that a best sensitivity/specificity 
balance was observed for CCTs measured by Pentacam 
at a statistically significant level with an 88.9% sensitiv-
ity (true positive cases) and 60% specificity (true negative 
cases).

If the intended ablation depth calculated by the Wave-
Light EX500 excimer laser (Alcon) computer software is 
the standard, we compared that to ablation depth meas-
ured by AS-OCT. A ROC curve study was used to evalu-
ate the precision of AS-OCT measurements of CCT in 

detecting the intended ablation post-LASIK. The results 
of (ROC) curve analysis showed that a best sensitivity/
specificity balance was observed for CCTs measured by 
AS-OCT at a statistically significant level, with a 80% 
sensitivity (true positive cases) and 60% specificity (true 
negative cases).

4  Discussion
In the current prospective study on 80 eyes of 40 
patients, we compared Pentacam and AS-OCT measure-
ments to determine the real depth of ablation and cor-
related it to the intended ablation depth as calculated 
by the WaveLight EX500 excimer laser (Alcon) com-
puter software. After 3  months of follow-up, the mean 
spherical equivalent was − 6.15 ± 3.14 D. In the present 
study, the WaveLight EX500 excimer laser (Alcon) com-
puter software system was predictable and accurate. For 
example, 100% (80 eyes) had a post-operation refraction 
within 0.50 D of the tried adjustment. Comparatively, in 
one study by Wallerstein et al., they operated on 114 eyes 
from 78 cases who experienced LASIK at the Canadian 
Institute of Refractive Surgery. After 24 months post-sur-
gery, the scatterplot of the tried against actual refractive 
adjustment showed an expected technique with 51.7%, 
71.9%, 84.2%, and 93.8% existing in ± 0.25 D, ± 0.50 
D, ± 0.75 D, and ± 1.00 D, of SEQ aim [13]. Kanellopou-
los and Asimellis operated on 160 eyes with high myo-
pia ⩾  − 6.00 D, with postoperative average spherical 
equivalents at − 0.37, − 0.43, and − 0.25 D for the 3, 6, 
and 12 months, which was also predictable [14].

With respect to corneal thickness measurement, in 
the present study, the mean value of preoperative CCT 
was 581.44 ± 31.07  μm when measured by Pentacam 
and 590.85 ± 29.18 μm when measured by the AS-OCT. 
A strong positive correlation between the two measure-
ment devices was noted. However, Pentacam measure-
ments were statistically significantly thinner compared to 
AS-OCT (P = 0.032). Pentacam measurements underes-
timated the cornea thickness by 9.13 µm compared with 
the AS-OCT.

In the third month postoperative results, the mean 
value of CCT was 502.68 ± 26.15 μm when measured by 
Pentacam, while the CCT was 512.8 ± 29.15  μm when 
measured by the AS-OCT. CCT measurements also 
strongly correlated for the two measurement devices. 
Pentacam measurements significantly underestimated 
the cornea thickness by 9.5  µm compared with the AS-
OCT (P = 0.098).

Interestingly, O’Donnell et  al. found poor correlation 
between CCT measurements using Pentacam and Visante 
AS-OCT with a coefficient of agreement 37.36  μm and 
limits of agreement 25.61  μm to − 49.11  μm [15]. Con-
versely, Fu et al. [16] found the opposite of our study. In 

Table 4 Ablation depth in different ablation types; (N = 80)

Ablation depth Minimum Maximum Mean SD P values

Intended 22.00 133.00 78.60 34.05 0.864
0.971Pentacam 21.00 143.00 78.75 34.21

AS‑OCT 23.00 160.00 78.38 36.00

Table 5 Correlation between intended ablation with real 
ablation calculated by Pentacam and real ablation calculated by 
AS‑OCT; (N = 80):

Real ablation calculated by:

Pentacam AS-OCT

Intended ablation

 Pearson correlation 0.974 0.863

 P value < 0.001 < 0.001
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their study, the mean CCT as measured by the AS-OCT 
was 519.23 ± 34.37 μm, which was 18.53 μm lower than 
the Pentacam measurement of 537.76 ± 31.84 μm.

Comparative measurements of CCTs were discovered 
by Muriel Doors et  al. from AS-OCT (Carl Zeiss Med-
itec), Orbscan II, and Pentacam (Oculus, Wentzler) [17]. 
CCT measurements using the Cirrus OCT, employ-
ing the new anterior segment lens fixtures and the Pen-
tacam HR, were reported by Baghdasaryan et  al. [18], 
with a high P value of < 0.0001. Furthermore, Xuepei Li 
et al. concluded that the CCT readings were well agreed 
between Pentacam and CASIA2-OCT. The two instru-
ments can be regarded as interchangeable for monitoring 
corneal problems or for planning eye surgery for these 
CCT assessments in healthy patients. No significant 
changes were found between CAISA2 and Pentacam esti-
mates for CCT or ACD (P > 0.05) [19].

In the current study, the mean intended ablation depth 
was 78.60 ± 34.05  µm. The mean clinically observed 
ablation depth (calculated by measuring the difference 
between CCT at the third postoperative month from the 
preoperative CCT) was 78.75 ± 34.21  µm when meas-
ured by Pentacam and 78.38 ± 36  µm when measured 
by the AS-OCT. No statistically significant disparity 
was observed between the intended ablation depth and 
clinically observed ablation depth estimated by the two 
devices (P > 0.05).

The two devices showed an extremely important 
association between the changes in corneal pachyme-
try and the anticipated depth of ablation. It was best to 
correlate with Pentacam (Pearson RC 0.974, P < 0.001) 
and AS-OCT (Pearson RC 0.863 and P < 0.001), respec-
tively. Carl-Arnold Lackerbauer et  al. evaluated for 
3 months post-microscopic laser in the site of keratomi-
leusis (labsic) dissimilarity from measured to intended 
after operative central corneal depth (CCT). They 
found that the average variance between measured and 
intended after operative corneal thickness is between 
11.1 μm 6 weeks postoperatively and 13.8 μm 6 weeks 
postoperatively [20]. Giacomo Savini et  al. investi-
gated the conformity of the expected depth of ablation 
3 months postoperatively as determined by the EX500 
excimer laser with a rotating Scheimpflug camera. No 
average expected depth of ablation (66.33 ± 24.15  μm) 
or calculations of the depth of ablation in the small-
est core were found to be statistically significant [19]. 
Anastasios Kanellopoulos et al. evaluated stroma depth 
decrease in a retrospective of 205 successive eyes of 205 
cases experiencing myopic and myopic astigmatism 
LASIK [14]. Front segment OCT was done preopera-
tionally and 3 months post-operationally. The achieved 
ablation depth was 86.01 ± 28.28  µm, comparable to 
the usual programmed greatest ablation deepness of 

88.48 ± 26.05  µm. Actual stroma depth decrease fol-
lowing myopic LASIK relates well with the tried versus 
actual refractive alteration. Febbraro et  al. compared 
the preoperative estimate of greatest ablation depth 
offered by the laser software with actual extent using 
Scheimpflug pachmetry (Pentacam HR; Oculus) in 
myopic laser-aided in-site keratomileusis. They discov-
ered a solid linear association between laser software 
assessment of greatest ablation depth and Scheimpflug 
pachmetry (P < 0.001). The average ablation depth cal-
culated using Scheimpflug pachmetry was more than 
that estimated by the laser software, with an aver-
age global variance of 2.15  μm (P < 0.05) [21]. Arb-
elaez et  al. compared measurements of ultrasound 
(Pachette pachymeter DGH Technology), Scheimpflug 
(Pentacam, Oculus), and OCP (Heidelberg Engineer-
ing GmbH, Heidelberg, Germany) methods to define 
ablation depth post-myopic astigmatism cornea laser 
refractive operation. A high correlation of preoperative 
pachymetry has been reported for both Scheimpflug 
and OCP (r = 0.84, P = 0.0001 for Scheimpflug; r = 0.83 
and P = 0.0001 for OCP) using ultrasound pachymetry 
as a reference measurement [22].

The central removal depth of ultrasound, Scheimpflug, 
and OCP measurements (r2 = 0.60, P = 0.0001 for ultra-
sound; r = 0.75, P = 0.0001 for Scheimpflug; r = 0.76, 
P = 0.0001 for OCP) was well correlated with the central 
ablation depth presented on the laser screen as the refer-
ence measurement. The predicted ablation depth did not 
differ much from the values of Scheimpflug and ultra-
sonography (P = 0.47) [22].

In our study, Pentacam is more sensitive but as specific 
as AS-OCT on measuring ablation depth. The sensitiv-
ity of Pentacam is 88.9%, and the specificity measures 
around 60%. The sensitivity and specificity of AS-OCT 
are 80% and about 60%, respectively.

Several papers have studied the sensitivity and speci-
ficity of Pentacam and AS-OCT in measuring the ante-
rior chamber angle. Studies have also been conducted to 
evaluate the sensitivity and specificity in detecting kera-
toconus and early diagnosis. However, to the best of our 
knowledge, this is the first report to assess the sensitivity 
and specificity of these devices in measuring the ablation 
depth.

The current study was limited by the sample size. 
Future studies with larger numbers of cases are neces-
sary. Additional Pentacam, OCT, and LASIK devices 
should also be included with different manufacturers. 
Furthermore, another aspect of refractive errors, hyper-
metropia, should be thoroughly investigated and com-
pared with the myopia results. Finally, future studies with 
longer duration (beyond 3  months) of follow-up would 
be ideal.
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5  Conclusion
The excimer laser’s ablation depth readout, estimated 
by computer software for the purposes of corneal 
refractive surgery planning, is accurate. Although Pen-
tacam and AS-OCT both measure the CCT and cal-
culate the ablation depth accurately, sensitively, and 
specifically, Pentacam demonstrates somewhat greater 
accuracy, sensitivity, and specificity than AS-OCT. 
Primary myopia and myopic astigmatism may be suc-
cessfully treated using LASIK, a treatment that is safe, 
predictable, and effective.
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