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Purpose: To evaluate various selected Pentacam HR indices in a cohort of soft contact lens 
(SCL) wearers before and after SCL discontinuation.
Methods: Ninety right eyes of 90 SCL wearers (group 1) were compared to healthy controls 
(group 2). For group 1 eyes, Pentacam HR images were captured within one hour of SCL 
removal and after one month of discontinuation. The evaluated indices included curvature, 
elevation, and pachymetric parameters.
Results: Elevation indices and two pachymetric indices (central corneal thickness and 
thinnest corneal thickness) did not show significant differences, either between the two 
groups or in group 1 after SCL discontinuation. Some pachymetric indices (average and 
maximum corneal pachymetry progression indices, and maximum Ambrosio’s relational 
thickness index) showed statistically significant (P-value <0.001), yet clinically irrelevant 
differences. Contrarily, changes in curvature indices were both statistically significant (P- 
value <0.001) and clinically relevant.
Conclusion: From a clinical point of view, many elevation and pachymetric indices are 
robust against SCL wear, and can be relied upon for corneal ectasia screening of SCL 
wearers, even without abstaining from wearing SCLs.
Keywords: soft contact lens warpage, Pentacam HR indices, soft contact lens wearers, 
silicone hydrogel contact lenses, contact lens discontinuation

Introduction
Refractive errors are prevalent causes of correctable visual impairment worldwide. 
Their frequency tends to increase among populations with higher educational 
levels. Optical correction of these errors should suit the lifestyle, daily activities, 
and visual requirements of the affected cohorts.1,2

Modalities for refractive error correction include spectacles, soft contact lenses 
(SCLs), and refractive surgical procedures. Each of these methods has advantages 
and disadvantages. Although spectacles are a safe and effective way of achieving 
satisfactory visual function, they are considered cosmetically unpleasant by many 
people, especially females. Moreover, the narrower visual field, possible alterations 
of retinal image size with high errors, and undesirable effects of anisometropia are 
among the disadvantages of spectacles wear.3

SCLs are popular among young adults, especially females, although surgical 
correction of refractive errors is preferred by those who desire to avoid the 
continuous expenses and the cumbersome procedures of SCL care, or by people 
working in particular occupations, including athletes and members of the military 
services.4 However, there is a growing population of people with refractive errors 
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for whom surgical correction is considered unsafe. These 
patients are prevented from receiving surgical procedures, 
especially with the recent advances in preoperative corneal 
assessment, safety precautions, and guidelines that are 
meant to avoid the risk of post-surgical ectasia.5,6

SCL wear can be associated with corneal warpage, 
which results in corneal assessment errors, including possi
ble false diagnoses of corneal ectasia. For this reason, many 
studies addressed this effect of SCLs on the cornea, to avoid 
the misinterpretation of topographic/tomographic data.7–9

The possible impact of SCL wear on corneal surface 
regularity and thickness has been previously reported in 
the literature. Most studies reported an initial, short-term 
corneal flattening followed by steepening, which is some
times irreversible on SCL discontinuation. Corneal thin
ning, mainly central, has been commonly observed, 
especially with the newer silicone hydrogel contact lenses, 
characterized by higher oxygen permeability leading to a 
remarkable reduction of corneal hypoxia, hence decreasing 
the incidence of corneal edema in SCL wearers.7,10

To our knowledge, this is the first study evaluating 
multiple important topographic/tomographic Pentacam 
HR parameters in a cohort of SCL wearers compared 
with non-wearers, and also within the SCL wearers cohort 
after a discontinuation period. The aim of this study was to 
highlight the overall variability of the Pentacam indices, 
which should be taken into consideration when evaluating 
SCL wearers for refractive surgical correction or when 
screening for ectasia. We aimed to determine which 
Pentacam indices were robust against the effect of SCL 
wear on the cornea, thus not showing significant changes 
when compared with controls, or after an SCL disconti
nuation period. The Pentacam HR was chosen as a robust 
and reliable device for detecting small changes in the 
evaluated indices.

Patients and Methods
This prospective, case-control, observational study was 
conducted on refractive surgery candidates who sought 
medical advice at the Specialized Eye Center, Cairo, 
Egypt. Detailed SCL wear history was recorded (including 
SCL type and wear duration). Corrected Distance Visual 
Acuity (CDVA), refractive spherical equivalent, and slit 
lamp findings were recorded for all participants. The cor
neas of the enrolled subjects were evaluated using 
Pentacam HR, branded as Allegro Oculyzer II 
(WaveLight GmbH, Erlangen, Germany), software version 
120r20, with consecutive inclusion of right eyes 

conforming with the study design. Images were captured 
at least thrice, and the most reliable scans were included as 
per the device manual instructions. All the recruited eyes 
were imaged in the period from November 2018 to May 
2020. The study adhered to the tenets of the Declaration of 
Helsinki, with informed consents signed by all partici
pants. The Ethical Committee of Ain Shams University 
approved the study protocol.

Corneas were classified into two groups: group 1 
included 90 corneas of SCL wearers, and group 2 was 
comprised of 90 normal corneas of age- and sex-matched 
controls. The corneas in group 1 were imaged within one 
hour of lens removal and re-imaged after one month of 
SCL discontinuation.

All group 1 participants had been using the same type 
and brand of SCLs (silicone hydrogel, Johnson and 
Johnson), for a period of three to five years and on a 
regular daily basis.

The exclusion criteria were: patients younger than 18 
or older than 40 years of age, history of any previous 
ocular trauma or surgery, hypermetropia or astigmatism 
of more than one diopter; any clinical symptoms or signs 
of dry eye, or anterior segment pathology on slit lamp 
examination. We also excluded corneas with quality spe
cification (QS) suggesting poor data validity for the cap
tured Pentacam HR images, any significant corneal opacity 
on the Pentacam Scheimpflug display affecting curvature 
parameters, or any topographic/tomographic evidence of 
corneal ectasia.

The Investigated Indices Included
Curvature-Based Indices

● Maximum Keratometry reading (K max).
● Mean Keratometry reading (K mean).
● Index of Surface Variance (ISV). (normal value <40)
● Index of Height Decentration (IHD). (normal 

value <0.016)

Elevation-Based Indices (All Obtained from the 8 mm 
Diameter)

● Anterior elevation (AE) of the thinnest point from the 
best fit sphere (BFS). (normal value <+8 um)

● Posterior elevation (PE) of the thinnest point from 
the BFS. (normal value <+16 um)

● AE from the best fit toric ellipsoid (BFTE). (normal 
value <+5 um)

● PE from the BFTE. (normal value <+15 um)
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Pachymetry Based Indices
● Central Corneal Thickness (CCT).
● Thinnest Corneal Thickness (TCT).
● Average and Maximum Corneal Pachymetry 

Progression indices (PPI avg (normal value <1.14) 
and PPI max (normal value <1.6), respectively).

● Maximum Ambrosio’s Relational Thickness index 
(ART max). (normal value >319 um)

The aforementioned values of some indices have been 
considered as per the normative values of the Pentacam 
user manual.

Statistical Analysis
Data analysis was performed using IBM SPSS Statistics for 
Windows (Version 25.0. Armonk, NY: IBM Corp). 
Quantitative data were presented as medians and interquartile 
ranges (IQR). Sex differences were evaluated by the chi- 
squared test. The one-sample Kolmogorov–Smirnov test was 
used to test for normality. Comparison between groups was 
performed using the independent-sample Mann–Whitney 
U-test. The Wilcoxon signed-rank test was used to compare 
repeated measurements of the same group. P-values < 0.05 
were considered statistically significant.

Results
This study included a cohort of 90 right eyes of 90 SCL 
wearers (group 1), who had used SCLs for three to five 
years on a regular daily basis. Their mean age was 27.33 ± 
4.08 years. An equal number of normal corneas from age 
and sex-matched healthy subjects formed the control 
group (group 2). Demographic data, Corrected Distance 
Visual Acuity (CDVA), and refractive spherical 

equivalents of the two groups are shown in Table 1, and 
no statistically significant difference between the groups in 
any of these variables was found.

When we compared the curvature-based Pentacam HR 
indices between the two groups, without SCL discontinua
tion in group 1, we detected significantly higher values in 
group 1 compared to group 2 for all the indices considered 
(K mean, K max, ISV, and IHD), denoting increased 
corneal steepening (P-value <0.001 for all indices).

Regarding the elevation-based indices, data analysis 
revealed statistically non-significant differences between 
the two groups in AE from BFTE, PE from BFTE, and 
PE from BFS. The only elevation-based index that showed 
significantly higher values in group 1 than in group 2 was 
AE from BFS (P-value = 0.004).

The comparison of pachymetry-based indices between 
the two groups demonstrated statistically significant differ
ences (yet narrow from a clinical aspect) in PPI avg and 
PPI max (higher in group 1, both P-values <0.001), and 
ART max (lower in group 1, P-value <0.001). On the 
contrary, the CCT and TCT pachymetry indices showed 
non-significant differences between the two groups.

The descriptive statistics of all investigated Pentacam 
HR parameters and the differences between the two groups 
are detailed in Table 2.

The corneas in group 1 underwent Pentacam HR ima
ging again one month after SCL discontinuation. When 
comparing the two measurements before and after SCL 
discontinuation, all the curvature indices showed a statis
tically significant decrease after the discontinuation period 
(P-value <0.001), while no statistically significant changes 
were noted in any of the elevation indices. Regarding 
pachymetric indices, PPI avg, PPI max, and ART max 

Table 1 Demographic Data, Corrected Distance Visual Acuity (CDVA), and Refractive Spherical Equivalent for the 2 Studied Groups

Group 1 Group 2 Mann–Whitney U-Test

Median (IQR) Median (IQR) P value

Age, years 26.00(6.0) 26.00(4.0) 0.199

CDVAa, logMAR 0.00(0.0) 0.00(0.0) 1.00

SEb, diopter −2.00(2.5) −3.25(0.91) 0.065

CHI square

P value

Gender, m:f N,% 36:54, 40%:60% 44:46, 49%:51% 0.294

Note: P values are considered significant if ≤0.05. 
Abbreviations: aCDVA, corrected distance visual acuity; bSE, spherical equivalent.
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showed statistically significant differences (yet narrow 
from a clinical aspect) between the two Pentacam captures 
(P-value <0.001), while the differences in CCT and TCT 
were not statistically significant.

Box plots were also performed for some selected cur
vature indices (Figure 1) and other selected elevation and 
pachymetric indices (Figure 2) for corneas of group 1 to 
graphically represent these indices before and 1 month 
after SCL discontinuation, illustrating the same aforemen
tioned results.

The descriptive statistics and the comparison of 
Pentacam indices values in group 1 corneas before and 
after the SCL discontinuation period are detailed in 
Table 3.

Discussion
SCL technology is advancing at a rapid pace, with new 
algorithms for fitting, and new designs and materials that 
are both safer and more comfortable,10,11 making SCL wear 
a common and convenient mode for optical correction of 

Table 2 Medians, Interquartile Ranges (IQR), Minimum (Min) and Maximum (Max) Values of the Various Pentacam HR Indices for the 
2 Studied Groups, and P values of Significance Between the 2 Groups

Group 1 Group 2 Mann–Whitney U-Test

Median (IQR) Median (IQR) P value

K meana (min-max) 44.10(1.82) 43.25(1.22) <0.001
(41.50–46.80) (40.80–45.50)

K max b (min-max) 45.30(2.00) 44.45(1.40) <0.001
(42.80–48.20) (41.30–47.50)

ISV c (min-max) 19.0(9.0) 16.0(12.0) <0.001
(12–38) (9–37)

IHDd (min-max) 0.0120(0.010) 0.0090(0.004) <0.001
(0.002–0.030) (0.03–0.140)

AE from BFSe (min-max) 3.0(2.0) 3.0(2.0) 0.004
(−1–7) (−1–5)

PE from BFSf (min-max) 6.0(4.0) 6.0(3.0) 0.533
(1–13) (0–10)

AE from BFTEg (min-max) 0.0(1.0) 0.0(1.0) 0.155
(−1–3) (−2–3)

PE from BFTEh (min-max) 2.0(2.0) 1.0(2.0) 0.064
(−2–5) (−2–3)

CCTi (min-max) 545.5(53.0) 533.5(40.0) 0.447
(486.0–628.0) (482.0–598.0)

TCTj (min-max) 541.0(55.0) 528.5(42.0) 0.383
(480.0–620.0) (485.0–596.0)

PPI avgk (min-max) 1.060(0.18) 0.950(0.11) <0.001
(0.85–1.30) (0.73–1.13)

PPI maxl (min-max) 1.350(0.20) 1.200(0.17) <0.001
(0.98–1.62) (0.96–1.60)

ART maxm (min-max) 393.5(77.0) 444.0(75.0) <0.001
(310.0–559.0) (322.0–608.0)

Notes: P values are considered significant if ≤0.05. Significant P values are in bold. 
Abbreviations: aK mean, mean keratometry; bK max, maximum keratometry; cISV, index of surface variance; dIHD, index of height decentration; eAE from BFS, anterior elevation 
from the best-fit sphere; fPE from BFS, posterior elevation from the best-fit sphere; gAE from BFTE, anterior elevation from the best fit toric ellipsoid; hPE from BFTE, posterior 
elevation from the best-fit toric ellipsoid; iCCT, thickness at pupil centroid; jTCT, the thinnest-point thickness; kPPI avg, average corneal pachymetry progression index; lPPI max, 
maximum corneal pachymetry progression index; mART max, maximum Ambrosio’s relational thickness index; min, minimum; max, maximum.
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refractive errors. Considering that refractive surgical cor
rection has many arising absolute and relative contraindica
tions, SCL wear is still more desirable for people worried 
about the possible refractive surgery complications that 
have been described,12,13 or young adults who have not 
yet reached enough refractive stability to be subjected to 
refractive procedures.14

Given the common use of this refractive correction 
method, studies have addressed the possible impact of 

SCL wear on corneal morphology and biomechanics.15 

Contact lens warpage commonly causes delays in planned 
refractive surgical corrections, with follow-up that may 
extend for long intervals, to elucidate the warpage effect 
and make sure that the detected corneal changes are not 
ectatic.7 Discontinuation of SCL wear before refractive 
procedures should eliminate their warpage effect, with vari
able discontinuation intervals considered in different stu
dies. A range of two to four weeks is usually sufficient,9,16 

Figure 2 Boxplot of some elevation and pachymetric Pentacam-HR indices values in group 1 corneas before and 1month after the Soft Contact Lens (SCL) discontinuation 
period. (A) AE from BFS: anterior elevation from the best-fit sphere, (B) PE from BFS: posterior elevation from the best-fit sphere, (C) PPI avg: average corneal pachymetry 
progression index, (D) PPI max: maximum corneal pachymetry progression index.

Figure 1 Boxplot of some curvature Pentacam-HR indices values in group 1 corneas before and 1month after the Soft Contact Lens (SCL) discontinuation period. (A) K 
max: Maximum keratometry, (B) K mean: Mean keratometry, (C) ISV: index of surface variance.
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although cases of warpage effect persisting for months have 
been documented.17,18

To the best of our knowledge, this study is the first to 
analyze various Pentacam HR topographic/tomographic 
indices in terms of their possible alterations or robustness 
(unchanged values) in response to SCL wear through a 
comparison with normal controls, and to validate the 
results by re-imaging the corneas after discontinuing 
SCL wear. Moreover, some of the evaluated parameters 
have not been previously assessed in terms of their possi
ble alterations with regular SCL use (namely elevation 
values from BFTE, PPI avg, PPI max, and ART max).

This study aimed to identify the indices that can be 
relied upon for the corneal evaluation of SCL wearers, so 
as to propose benchmarks that can help reduce delays in 
planned refractive surgeries, and to provide a reliable way 
to assess corneal ectasia in SCL wearers, using robust 
parameters unaffected by SCL regular use. In other 
words, we identified a set of Pentacam parameters that 
the topographer can rely upon to screen the corneas of 
SCL wearers, without the need for an abstinence period 
from SCLs. Our results regarding the robustness of these 
indices were validated by the analysis after the disconti
nuation period.

While designing the study we took into consideration 
SCL material and wear duration. Interestingly, it has been 

reported that the duration of SCL wear may not affect the 
degree of warpage or the discontinuation period needed to 
abolish the corneal warpage effect.9 However, other stu
dies revealed a relationship between corneal warpage and 
both duration of wear and lens material.19,20 Silicone 
hydrogel lenses were shown to lead to faster resolution 
of the warpage effect.16 Due to such conflicting study 
results, we avoided the possible confounding factors 
related to lens material and wear duration by choosing a 
cohort that was all using silicone hydrogel lenses, for 
which higher corneal stability upon long term use has 
been reported.21 The duration of lens wear for the 
recruited cohort was also limited to three to five years. 
We believe that these strict study criteria lend more cred
ibility to the results.

The curvature indices that were evaluated in the pre
sent study, namely K mean, K max, ISV, and IHD, had 
significantly higher values in group 1, namely SCL wear
ers, reflecting increased corneal topographic steepening. 
This corneal steepening due to SCL wear has been often 
described in other studies,7 revealing that the curvature 
indices are volatile factors influenced by SCL wear. After 
the discontinuation period, all the curvature indices 
showed both statistically significant and clinically relevant 
decreases in group 1 eyes compared to their values before 
the abstinence period. This clearly implies that these 

Table 3 Medians, Interquartile Ranges (IQR), and Comparisons of Various Pentacam HR Indices in Group 1 Before and After Soft 
Contact Lens (SCL) Discontinuation

SCL Wearers SCL Wearers After Discontinuation for 1 Month Wilcoxon Signed-Rank Test

Median (IQR) Median (IQR) P value

K meana 44.10(1.82) 43.60(1.90) <0.001
K max b 45.30(2.00) 44.75(1.83) <0.001
ISV c 19.0(9.0) 13.0(10.0) <0.001
IHDd 0.0120(0.010) 0.0110(0.008) <0.001
AE from BFSe 3.0(2.0) 1.0(2.0) 0.850

PE from BFSf 6.0(4.0) 1.0(3.0) 0.889

AE from BFTEg 0.0(1.0) 3.0(4.0) 0.917
PE from BFTEh 2.0(2.0) 6.0(4.0) 0.886

CCTi 545.5(53.0) 545.0(53.0) 0.459

TCTj 541.0(55.0) 542.0(54.0) 0.644
PPI avgk 1.060(0.18) 0.930(0.20) <0.001
PPI maxl 1.350(0.20) 1.210(0.21) <0.001
ART maxm 393.5(77.0) 454.5(107.0) <0.001

Notes: P values are considered significant if ≤0.05. Significant P values are in bold. 
Abbreviations: aK mean, mean keratometry; bK max, maximum keratometry; cISV, index of surface variance; dIHD, index of height decentration; eAE from BFS, anterior 
elevation from the best-fit sphere; fPE from BFS, posterior elevation from the best-fit sphere; gAE from BFTE, anterior elevation from the best fit toric ellipsoid; hPE from 
BFTE, posterior elevation from the best-fit toric ellipsoid; iCCT, thickness at pupil centroid; jTCT, the thinnest-point thickness; kPPI avg, average corneal pachymetry 
progression index; lPPI max, maximum corneal pachymetry progression index; mART max, maximum Ambrosio’s relational thickness index.
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changes are attributed to SCL wear and not to possible 
corneal ectasia. Curvature indices were previously 
reported as lacking specificity, being easily affected by 
many factors, in agreement with our results.22

Regarding the elevation-based indices, they were 
robust against SCL wear, showing no statistically signifi
cant differences compared with controls. Although the AE 
from BFS was the only elevation index that was signifi
cantly different between the two groups, the differences 
were obviously clinically irrelevant. In agreement with 
these results, the elevation indices were almost unchanged 
within the SCL wearers cohort after discontinuing lens 
wear for one month. This suggests that the elevation 
indices, which were previously reported as sensitive para
meters for early ectasia detection,23 can be relied upon 
when screening the corneas of SCL wearers. In other 
words, altered elevation parameters in an SCL wearer 
should arise suspicion of corneal ectasia rather than 
warpage.

Three pachymetry-based indices (PPI avg, PPI max, 
and ART max) revealed statistically significant differences 
in SCL wearers compared with controls, and also showed 
significant changes within the SCL cohort after the dis
continuation period. However, such differences can be 
considered clinically irrelevant, as all values were within 
the normal acceptable ranges and the changes were very 
narrow from the clinical aspect. Similar to the elevation 
indices, these pachymetric indices were previously 
described as sensitive parameters for corneal ectasia 
detection.24 However, these small, clinically irrelevant 
changes in the aforementioned pachymetric parameters 
could be due to the surface alterations of SCL warpage, 
evidenced by changes in curvature parameters, which can 
affect the pachymetric progression at different corneal 
rings from which the Pentacam device computes PPI 
avg, PPI max, and ART max.25

In the current study, we excluded all subjects younger 
than 18 years or older than 40 years, and also all eyes with 
hypermetropia or astigmatism of more than 1 diopter, 
since age and hypermetropia are two factors that have 
been previously reported to cause significant alterations 
in the Pentacam parameters,26,27 and astigmatism needs 
correction using toric contact lenses, that were not 
included in the study.

The strengths of the current study include the strict inclu
sion and exclusion criteria, the minimization of the effects of 
confounding factors, and the use of a single eye from each 

participant, to exclude the effect of inter-eye correlations which 
could compromise the validity of the statistical analysis.

Future studies should combine the evaluation of the 
robust indices we identified with the epithelial mapping of 
anterior segment optical coherence tomography, a recent 
and promising method for differentiating ectasia from 
similar conditions affecting the corneal surface.8 

Moreover, longitudinal studies including larger cohorts 
may validate or contradict our study results regarding the 
detected changes in the indices.

In conclusion, we present an analysis of Pentacam HR 
indices in regular SCL wearers with three to five years of 
SCL use, within one hour of lens removal and after a 
discontinuation period of one month. All the evaluated 
elevation and pachymetric indices did not show any clini
cally relevant changes after SCL discontinuation. It is thus 
plausible to rely upon these indices while screening the 
SCL wearers for the existence of corneal ectasia without 
the need for a period of SCL discontinuation. As both 
elevation and pachymetric (as opposed to curvature) 
indices stood robust against SCL wear, their alterations 
in a SCL wearer should arise suspicion of corneal ectasia 
rather than lens-induced corneal warpage.
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