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Objective. To study the correlations between corneal distortion and morphological features 
in different kinds of eyes such as healthy ones (HE), ones previously undergone myopic 
PRK (PRKE), ones affected by keratoconus (KCE) and keratoconus eyes previously 
undergone corneal collagen crosslinking (CCCE). 
Materials and Methods. In this retrospective comparative study, a total of 106 HE of 106 
patients, 58 PRKE of 58 patients, 33 KCE of 33 patients, 28 CCCE of 28 patients were 
included. A complete examination of all eyes was followed by tomographic (Pentacam, 
Oculus, Wetzlar, Germany) and biomechanical (Corvis ST, Oculus, Wetzlar, Germany) 
evaluation. Differences among Corvis ST (CST) parameters in the different groups have 
been analyzed. Linear regressions between central corneal thickness (CCT), intraocular 
pressure (IOP) and anterior corneal curvature measured with Simulated Keratometry 
(SK), versus corneal deformation parameters measured with Corvis ST in the different 
groups, have been run using SPSS software version 18.0. 
Results, HE showed a significant correlation between main curvature power of the cornea 
within the central 3 mm expressed in Diopters (KM) and 6 CST parameters; between 
CCT and 4 CST parameters and between IOP and 5 CST parameters. PRKE showed 
a significant correlation between KM and 3 CST parameters; between IOP and 4 CST 
parameters and none between CCT and CST parameters. KCE showed a significant 
correlation between SK and 3 CST parameters; between IOP and 3 CST parameters and 
none between CCT and CST parameters. CCCE showed a significant correlation between 
KM and 5 CST parameters; between CCT and 1 CST parameters and between IOP and 5 
CST parameters. 
Discussion. Data of this study suggest that both corneal curvature and IOP could have 
a greater influence on the corneal deformation, compared to central corneal thickness 
(CCT). These results should be taken into account by further studies aiming to assess 
biomechanical corneal characteristics.
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Introduction. Recent advances in technology applied 
to ophthalmology provide the possibility to study the cor-
neal biomechanical properties, using the ocular response 
analyzer (ORA; Reichert Ophthalmic Instrument, Depew, 
NY, USA) [1]. This device was able to perform the first in 
vivo measurements of corneal properties such as corneal 
hysteresis (CH) and corneal resistance factor (CRF), using 
a collimated air pulse to applanate the central cornea [1]. 
This instrument allowed physicians to evaluate new corne-
al parameters more than central corneal thickness (CCT), 
curvature and transparency. Different studies showed that 
CH and CRF are somehow influenced also by corneal mor-
phological parameters [2, 3, 4, 5], and this is one of the 
reasons why new technologies, such as optical coherence 
tomography, are recently applied to corneal biomechani-
cal evaluation [6, 7, 8, 9]. A very accurate evaluation of 
corneal biomechanics would play a very important role in 
managing alterations due to corneal diseases (i.e., kera-
toconus) or to iatrogenic causes (i.e., refractive surgery). 
Moreover, it would help in better measuring the intraocu-
lar pressure (IOP), especially in eyes affected by corneal 

diseases, since the current gold standard, Goldmann ap-
planation tonometry (GAT), has been largely proven to be 
biased by corneal properties [10, 11, 12]. The Corvis ST 
(Oculus, Wetzlar, Germany) (CST) is an innovative device 
able to investigate corneal deformation properties; it uses 
an ultrahigh-speed Scheimpflug camera that records the 
deformation process in 4330 frames/sec along an 8 mm 
horizontal corneal coverage, while an air puff indentation 
determines a corneal deformation [9]. Evaluating the most 
important papers previously published about CST evalu-
ation of corneal deformation, it is clear that there are still 
veiled aspects of this analysis that this device is able to 
provide in different kind of eyes [9, 13, 14, 15, 16, 17]. 

The purpose of this study is to evaluate differences 
and correlations in corneal behaviors in healthy eyes (HE) 
and in ones with a very different structure and morphol-
ogy such as eyes that underwent myopic PRK (PRKE), 
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keratoconus affected eyes (KE), and keratoconus affected 
eyes that underwent corneal cross-linking (CCCE) using a 
Scheimpflug camera based device.

Materials and Methods 
In this retrospective study, were included 106 HE 

of 106 healthy subjects with a mean refractive error of   
−0.65 ± 1.68D (measured as spherical equivalent); 58 
PRKE of 58 patients previously undergone myopic PRK 
for a mean refractive defect of −5.93 ± 2.08D; 33 KE of 
33 patients affected by keratoconus (stages 1, 2 and 3 of 
Amsler classification) and 28 CCCE of 28 patients af-
fected by keratoconus. Every eye underwent a complete 
ophthalmic evaluation, a corneal tomography performed 
using Pentacam, a CST scan. IOP evaluation with Gold-
mann applanation tonometry was run at last, in order to 
not introduce any bias in corneal biomechanical evalua-
tion. PRKE and CCCE were included if they had surgery 
at least 1 year before starting the present study. Patients 
with systemic and/or ocular diseases that could interfere 
with the corneal evaluation, such as diabetes, connective 
tissue disorders, dry eye, uveitis, corneal opacities and 
glaucoma were excluded from this study. Subjects wear-
ing contact lenses were asked to stop using them at least 
7 days before being evaluated. Details of different groups 
of patients are summarized in Table 1. 

PRKE were enrolled in this study did not have any 
complications as corneal ectasia and/or corneal haze; they 
were evaluated at least 1 year after surgery, showing no 
refractive and topographic changes from the previous fol-
low-up. KE received diagnosis and were staged according 
to Amsler classification (18 were at stage 1, 11 were at 
stage 2, and 4 were at stage 3). 

CCCE (15 were at stage 1, 8 were at stage 2 and 5 
were at stage 3 of Amsler classification) underwent treat-
ment with epithelium removal and according to the Dres-
den Protocol. These patients were evaluated at least 1 year 
after treatment and were enrolled only if they did not re-
port any complications. Evaluations between data before 
and after procedures such as myopic PRK and CCC were 
not performed because these were patients referring to our 
Unit but treated in other hospitals, and data were not avail-
able.

The Oculus Pentacam is a corneal tomographer utiliz-
ing a rotating Scheimpflug camera, largely used by oph-
thalmologists, and its working principles are well known 
[18]. For this study, the 25 images per scan option were 
chosen. The parameters provided by Oculus Pentacam 
that we evaluated in this study were central corneal thick-
ness (CCT) at pupil center and anterior corneal curvature 
measured with simulated keratometry SK). The Corvis ST 
(CST) is a noncontact tonometer that measures corneal 
deformation; parameters included in this study were the 
following: Time of Applanation 1 (AT1): time from the 
start until an air puff causes the corneal flattening (first ap-
planation); Length of Applanation 1 (AL1): length of the 
flattened cornea in the first applanation; Velocity of Ap-

planation 1 (AV1): velocity of corneal deformation during 
the first applanation; Time of Applanation 2 (AT2): time 
from the highest concavity until cornea restores its stan-
dard curvature; Length of Applanation 2 (AL2): length of 
the flattened cornea in the second applanation; Velocity 
of Applanation 2 (AV2): velocity of corneal deformation 
during the second applanation; Deformation Amplitude at 
the Highest Concavity (HCDA): maximum deformation 
amplitude (from the start to the highest concavity) at the 
corneal apex.

Three good quality Corvis ST measurements have been 
taken and every scan has been performed after 5 minutes 
from the previous one, aiming to avoid an underestimation 
or overestimation of the corneal biomechanical param-
eters. All subjects started with the Pentacam evaluation 
and then underwent the CST one, aiming to reduce bias 
in morphological measurements, since the air puff could 
introduce errors in corneal evaluation if Scheimpflug scan 
is performed after it. Two different and trained physicians 
used the two devices (GI used Pentacam and AR used 

Table 1. Mean, standard deviation (SD) and range of the pa-
rameters in the four groups evaluated in this study

Healthy eyes, n=106

Parameters Mean ± SD Range

Age (years) 31,86 ± 8,40 De 22 a 65

SE (D) -0,86 ± 1,96 De -7,0 a 2,5

KM (D) 43,63 ± 1,11 De 41,0 a 45,9

CCT (µm) 548 ± 28,49 De 498 a 631

PRK, n=12 

Parameters Mean ± SD Range

Age (years) 34,80 ± 8,39 De 24 a 48

SE (D) -0,43 ± 2,40 De -8,0 a 0,8

KM (D) 39,58 ± 2,38 De 36,1 a 43,8

CCT (µm) 441 ± 35,99 De 390 a 495

KC, n=10

Parameters Mean ± SD Range

Age (years) 26,80 ± 7,38 De 19 a 37

SE (D) 0,00 ± 0,00 De 0,0 a 0,0

KM (D) 47,94 ± 3,20 De 43,9 a 53,9

CCT (µm) 474 ± 22,28 De 448 a 507

CCC, n=9

Parameters Mean ± SD Range

Age (years) 24,09 ± 2,94 De 21 a 28

SE (D) -0,06 ± 1,79 De -4,5 a 2,0

KM (D) 48,30 ± 3,86 De 43,6 a 54,5

CCT (µm) 502 ± 36,48 De 460 a 551
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CST) and they were not aware of the results obtained by 
the other. Despite the fact that all patients underwent bi-
lateral evaluation, only the right eye data were included in 
the statistical analysis in order to eliminate any potential 
intra-subject effect that may occur if both eyes of the same 
patient were considered.

All study participants gave their informed consent for 
using their data before starting every visit. The study was 
conducted in accordance with the Declaration of Helsinki, 
and the protocol was approved by the Ethics Committee of 
Università della Campania Luigi Vanvitelli as retrospec-
tive study.

Statistical Analysis. The fulfilment of the data require-
ments for parametric analysis (normality, homogeneity 
of variance) was assessed by specific tests (Kolmogorov-
Smirnov, Levene). All groups were compared with one-
way factorial analysis of variance (ANOVA) for each 
parameter, followed by post hoc test LSD for single com-
parison. Moreover, the correlations among SK, CCT, IOP, 
and corneal deformation parameters measured with CST 
were evaluated using parametric (Pearson) test. For all 
tests adopted, the level of significance was set at p < 0.05. 
All analyses were performed using SPSS software version 
18.0 (IBM Corp. Armonk, New York, USA).

Results
Age and main corneal parameters of the four groups 

are summarized in Table 1. 
Correlation between CST and Pentacam parameters 

are summarized in Table 2. 
In particular, in HE AT1 showed positive correlations 

with CCT and IOP and inverse ones with SK. Similar corre-
lations with IOP and SK are also present in KE and CCCE 
groups. Also in the PRKE group, correlations with IOP and 
SK are positive. AV1 showed a positive correlation with 
SK and a negative one with IOP in HE and CCCE groups. 
AT2 showed a positive correlation with SK and a nega-
tive correlation with pachymetry and IOP in the healthy 
group; the positive correlation with SK and the negative 
one with IOP were also present in the CCCE group. In the 
PRKE and KE groups AT2 was negatively correlated with 
IOP values. For AL2 there was only a negative correlation 
with SK in the healthy group. AV2 was correlated posi-
tively with pachymetry and IOP and negatively with SK in 
healthy and CCCE groups. Positive correlations with SK 
and IOP were present in the PRKE group. In the KE group 
AV2 was negatively correlated with SK values. HCDA 
showed a positive correlation with SK and a negative one 
with pachymetry and IOP in the healthy group. Similarly, 
positive correlations with SK and negative ones with IOP 
were present in KE and CCCE groups while negative cor-
relations with SK and IOP appeared in the PRKE group. 

The means and ranges of corneal deformation param-
eters recorded in the different groups are summarized in 
Table 3.

AT1 values in HE and post-PRK groups were statis-
tically higher than the ones found in KC and post-CCC 
groups (p < 0.000). Post hoc least significant difference 

(LSD) test gave significant differences between the KC 
and the healthy group (−5.6%, p < 0.000), the CCC and 
the healthy group (−6.9%, p < 0.000), and the CCC and the 
PRK group (−4.5%, p < 0.016). ConverselY, AT2 values 
in healthy and post- PRK groups were statistically lower 
than the ones recorded in KC and post CCC groups (p < 
0.000). Post hoc LSD test gave significant differences be-
tween the KC and the healthy group (+8.7%, p < 0.009), 
the CCC and the healthy group (+14%, p < 0.000), and 
the CCC and the PRK group (10.9%, p < 0.013). AL2 was 
significantly higher in the healthy eyes group than in the 
others (p < 0.007). Post hoc LSD test gave a significant 
difference only between the CCC and the healthy group 
(−25%, p < 0.001). Even AV2 was significantly higher in 
the healthy eyes group than in others (p < 0.000). For the 
healthy eyes group, post hoc LSD test gave significant dif-
ferences versus PRK (−16.6%, p < 0.022), KC (−24.1%, p 
< 0.001), and CCC (−31.6%, p < 0.000). Finally, HCDA in 
healthy and post-PRK groups was statistically lower than 
the one found in KC and post-CCC groups (p < 0.000). 
Post hoc LSD test gave significant differences between the 
KC and the healthy group (+10.0%, p < 0.003), the CCC 
and the healthy group (+16.7%, p < 0.000), the KC and the 
PRK group (+8.8%, p < 0.031), and the CCC and the PRK 
group (+15.4%, p < 0.000).

Discussion
To accurately evaluate the biomechanical properties of 

the cornea could be crucial for the diagnosis and follow-up 
of different eye diseases. The possibility to evaluate corne-
al deformation with more than a device such as ORA and 
CST, provided to study it from a different point of view.

To better understand corneal behavior during shape 
modifications due to external stress would be very impor-
tant to improve our knowledge about problems of current 
practice such as [9]:  

• to obtain more precise values of IOP, especially after 
corneal surgery;

• to better understand the pathological processes in-
volved in corneal degenerative diseases like keratoconus, 
in which we observe a change both in shape and biome-
chanics;

• to better screen corneas undergoing refractive surgery 
in order to avoid complications like corneal ectasia.

It is important to highlight that AT2 values, as provided 
by CST, are the total of milliseconds calculated from the 
start of deformation until the flattened cornea rebounds 
from its highest concavity, reaching the second applana-
tion. In order to achieve a better understanding of corneal 
shape-changing process, we used the value obtained sub-
tracting AT2, provided by the device, to AT1 (time from the 
start of examination until an air puff causes the first corneal 
applanation). In this way, we obtained the time needed by 
the cornea to come back to a flat position after reaching the 
maximum deformation (HCDA) and, in our opinion, this 
value provides us a better idea of the time taken by the cor-
nea to come back to its original shape after a deformation. 
AT2 in fact, as it is possible to read on CST display, is the 
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total time from the start of the analysis, so if we had studied 
this parameter, our analysis about the difference between 
the corneal resistance to external modification and the ca-
pability of the cornea to return to its original shape after a 
deformation may have been biased. According to our re-
sults, corneas that are affected by KC, even if they under-
went CCC, seem to reach applanation easier than healthy 
and post PRK ones, showing less resistance to outer de-
formation forces; moreover, it seems like they take longer 
time to return to the applanation position and so recover the 
original shape. It is interesting to observe that corneas after 
PRK did not show the same deformation characteristics, 
as if the corneal thinning they underwent during refractive 
surgery did not influence much their behavior compared to 
healthy corneas in answering stress coming from outside. 
Moreover, healthy and post-PRK eyes showed higher AT1 
and lower AT2 compared to KC eyes and post- CCC eyes. 
Both KC and post-PRK corneas have morphological and 
structural differences with healthy ones; according to our 
data it is possible to imagine that KC induces deeper struc-
tural changes in the overall corneal cellular and extra-cel-
lular structure making these tissues easier to modify. This 
kind of alteration seems to be related not just to the corneal 
thinning; furthermore, these changes prevent reaching the 
original shape after modifications due to external factors. 
The higher deformation that KC and post CCC corneas 
could have is confirmed by the higher values of HCDA 
observed, compared with healthy and post-PRK ones. Ob-
serving results of this study, KM shows a significant cor-
relation with some of the CST parameters analyzed (AT1, 
AT2, VA2, and HCDA) whereas CCT does not show a 
significant correlation in the post-PRK, KC, and post-CCC 
groups. Both KM and CCT show a significant correlation 
with AT1, AT2, VA2, and HCDA in healthy corneas. This 
could mean that KM is able to deeper influence the cor-
neal deformation compared to CCT in diseased corneas. 
This influence, however, does not seem to be the same in 
the four groups studied. In particular, AT1 showed values 
negatively correlated to SK in HE, KE and CCCE, meaning 
a higher difficulty in applanating flatter corneas; whereas 
in PRKE that an opposite correlation has been observed. 
Previous data suggest that KE and CCCE corneas seem to 
be easier to modify in shape, so it is simple to imagine that 
the higher the corneal curvature is in healthy eyes, the less 
the time it takes to applanate them. In PRKE, however, the 
opposite tendency has been observed, so it seems that the 
flatter the cornea is, the easier it is to applanate. A possible 
explanation for this behavior is that the tissue ablation in 
PRKE makes corneas weaker to external deformations. 
Thus, the greater the flattening is, the faster it is possible to 
achieve the corneal applanation. Interestingly, in this study 
the same correlations between CST parameters and CCT 
has not been observed. IOP values are directly correlated 
with AT1 and AV2 and inversed correlated with AV1, AT2, 
and HCDA in every group analyzed. Only in KE AV2 is 
directly related but without significant value. These results 
mean that the resistance that IOP apply to deformation and 

the help that it lends in restoring the original corneal shape 
are effective in HE, KE, PRKE and CCCE. The not signifi-
cant value observed in AV2-IOP correlation in KE could be 
due to two factors:

(1) the small number of KE group biased the analysis;
(2) IOP could not influence the corneal speed to come 

back at its original shape after a deformation, but this 
characteristic could depend by some other ultra-structural 
properties.

Values provided by CST in different groups studied 
let think that corneal deformation induced by keratoconus 
(such as corneal curvature and thinning) is deeper and af-
fects more the whole cornea, making it easier to deform, 
compared to corneal deformation induced by PRK treat-
ment. Corneal deformation analysis is a very interest-
ing topic because understanding how the corneas (both 
healthy and altered ones) react to external stress could 
let physicians to better understand how make earlier di-
agnosis and how to better manage corneal diseases. This 
study confirms some of the findings previously published 
[8,19,20,21] and provides some different results compared 
to other ones [22,23,24,25]. Differences observed in the 
different studies could be related to many reasons: popula-
tions analyzed are very different, so are the inclusion and 
exclusion criteria adopted. 

One of the main limits of this study is its design: it’s a 
retrospective study. This did not allow to provide further 
analysis and evaluations that could have been very useful 
such as the comparison of the CST data and the correla-
tions with other features studied before and after surgery 
and over time.

Another limitation is the dimensions of the evaluated 
samples; of course these data need to be confirmed in larg-
er population study. 

Even if this kind of study has just been purposed, it is 
important to confirm some findings in different studies to 
provide more strength to the recent discoveries.  

Conclusions
In conclusion, this study suggests some considerations 

not deeply investigated such as the differences in reac-
tion between KCE and PRKE ones or the heavier influ-
ence of SK on corneal deformation compared to CCT. 
Further studies, with larger populations and more data are 
needed to fully understand how to use the corneal defor-
mation parameters provided by CST in clinical practice to 
screen eyes undergoing refractive surgery, eyes with kera-
toconous at early stage, ectatic corneas, or other corneal 
diseases.
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Table 2. Pearson’s parametric correlations among CST and other parameters in the four groups evaluated in our study. In 
bold significant results. AT1: Time of Applanation; AL1:  Length of Applanation 1; AV1: Velocity of Applanation 1; AT2: Time 
of Applanation 2; AL2: Length of Applanation 2¸AV2: Velocity of Applanation 2; HCDA: Deformation Amplitude at the Highest 
Concavity; KM: curvatura corneal anterior medida con Sim’K; CCT: central corneal tickness

 
 
 

 
 
 

Healthy PRK KC CCC

KM CCT IOP KM CCT IOP KM CCT IOP KM CCT IOP

AT1
Pearson’s 
correlation -0.322 0.387 0.778 0.558 0.425 0.881 -0.574 0.409 0.947 -0.518 0.164 0.845

p (2-tales) 0.018 0.003 0.000 0.000 0.251 0.001 0.009 0.124 0.009 0.038 0.422 0.001

AL1
Pearson’s 
correlation -0.058 -0.013 0.003 -0.154 0.385 -0.054 0.007 0.194 0.524 0.208 0.115 -0.609

p (2-tales) 0.627 0.845 0.881 0.497 0.99 0.908 0.807 0.725 0.054 0.637 0.841 0.226

AV1
Pearson’s 
correlation 0.245 -0.189 -0.627 -0.264 0.427 -0.367 0.514 -0.439 0.059 0.749 -0.135 -0.648

p (2-tales) 0.009 0.428 0.003 0.359 0.327 0.481 0.058 0.354 0.948 0.006 0.847 0.032

AT2
Pearson’s 
correlation 0.357 -0.189 -0.657 -0.338 -0.571 -0.798 0.524 -0.544 -0.729 0.716 -0.624 -0.594

p (2-tales) 0.003 0.037 0.007 0.112 0.245 0.002 0.114 0.157 0.009 0.002 0.125 0.004

AL2
Pearson’s 
correlation -0.417 0.331 -0.015 0.241 0.327 0.255 -0.226 0.427 -0.321 -0.641 0.222 0.347

p (2-tales) 0.033 0.226 0.866 0.627 0.511 0.328 0.228 0.457 0.622 0.226 0.447 0.395

AV2
Pearson’s 
correlation -0.824 0.405 0.665 0.701 -0.115 0.658 -0.558 0.428 0.317 -0.908 0.681 0.776

p (2-tales) 0.002 0.02 0.003 0.011 0.842 0.006 0.009 0.226 0.429 0.006 0.022 0.009

HCDA Pearson’s 
correlation 0.606 -0.551 -0.884 -0.628 -0.222 -0.762 0.637 -0.458 -0.612 0.774 -0.658 -0.775

p (2-tales) 0.006 0.005 0.002 0.013 0.485 0.007 0.004 0.226 0.011 0.009 0.267 0.004
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Table 3. Mean, standard deviation and range of the Corvis ST parameters in different groups evaluated in our study

Healthy, n=106 
Parameters Mean ± SD Range
Applanation time1 (AT1) (ms) 7.28 ± 0.39 De 7 a 9.1 

Applanation lenght1 (AL1) (mm) 1.83 ± 0.31 De 1.4 a 2.1

Applanation Velocity1 (AV1) (m/s) 0.13 ± 0.07 De 0.0 a 0.2

Applanation time2 (AT2) (ms) 4.74 ± 0.51 De 3.5 a 6.1

Applanation lenght2 (AL2) (mm) 1.95 ± 0.51 De 1.1 a 2.5

Applanation Velocity2 (AV2) (m/s) -0.41 ± 0.11 De -0.4 a -0.1

Deformation Amplitude at the Highest Concavity(HCDA) (mm) 1.04 ± 0.11 De 0.7 a 1.2

PRK, n=58
Parameters Mean ± SD Range
Applanation time1 (AT1) (ms) 7.21 ± 0.32 De 6.9 a 7.5

Applanation lenght1 (AL1) (mm) 1.78 ± 0.35 De 1.4 a 2.5

Applanation Velocity1 (AV1) (m/s) 0.22 ± 0.11 De 0.2 a 0.4

Applanation time2 (AT2) (ms) 4.87 ± 0.38 De 4.3 a 5.4

Applanation lenght2 (AL2) (mm) 1.74 ± 0.46 De 1.2 a 2.6

Applanation Velocity2 (AV2) (m/s) -0.38 ± 0.11 De -0.4 a -0.2

Deformation Amplitude at the Highest Concavity(HCDA) (mm) 1.11 ± 0.23 De 0.9 a 1.2

KC, n=33
Parameters Mean ± SD Range
Applanation time1 (AT1) (ms) 6.87 ± 0.32 De 6.5 a 7.2

Applanation lenght1 (AL1) (mm) 1.59 ± 0.42 De 1.3 a 2.3

Applanation Velocity1 (AV1) (m/s) 0.19 ± 0.06 De 0.1 a 0.3

Applanation time2 (AT2) (ms) 5.18 ± 0.37 De 4.7 a 5.8

Applanation lenght2 (AL2) (mm) 1.73 ± 0.58 De 0.9 a 2.2

Applanation Velocity2 (AV2) (m/s) -0.45 ± 0.13 De -0.7 a -0.3

Deformation Amplitude at the Highest Concavity(HCDA) (mm) 1.15 ± 0.22 De 0.9 a 1.4

CCC, n=28
Parameters Mean ± SD Range
Applanation time1 (AT1) (ms) 6.91 ± 0.24 De 6.7 a 7.1

Applanation lenght1 (AL1) (mm) 1.72 ± 0.31 De 1.4 a 2.1

Applanation Velocity1 (AV1) (m/s) 0.22 ± 0.08 De 0.1 a 0.2

Applanation time2 (AT2) (ms) 5.52 ± 0.65 De 4.7 a 6.6

Applanation lenght2 (AL2) (mm) 1.38 ± 0.41 De 0.9 a 2.2

Applanation Velocity2 (AV2) (m/s) -0.51 ± 0.11 De -0.5 a -0.3

Deformation Amplitude at the Highest Concavity(HCDA) (mm) 1.23 ± 0.18 De 1.1 a 1.5


