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Abstract
Purpose: The aim of this study was to analyse the postoperative corneal cross-linking results of
corneal parameters and the ABCD grading system, depending on the cone location.
Methods: Thirty eyes of 25 patients with keratoconus (KC), who received the corneal cross-link-
ing (CXL) treatment, were included in this study. The exclusion criteria were: patients under
18 years of age, corneal pachymetry less than 400 mm, corneal scarring, history of ocular
trauma, history of ocular surgery, and corneal pathology other than KC. Patients were examined
at the baseline visit, and followed-up at three, six, and twelve months after the CXL. All patients
underwent visual acuity and Scheimpflug tomography at all visits. Progression parameters, kera-
tometries, and ABCD grading were compared between the visits. Patients were classified into
two groups: central and paracentral cones group (within the central 5 mm corneal zone) and
peripheral cones group (outside the central 5 mm corneal zone), based on X-Y coordinates of
maximal keratometry (Kmax).
Results: Parameter A remained relatively stable throughout the follow-up period in both groups.
Parameter B and parameter C showed a significant increase in both groups postoperatively.
Parameter D showed stability at the 6-month post-CXL visit in the peripheral KC group, while the
central and paracentral KC group showed improvement at the 12-month post-CXL visit.
Conclusion: There was no significant difference in the postoperative response between different
cone locations in the ABCD grading system, when classifying according to the Kmax, except an
earlier recovery of the parameter D in peripherally located cones.
© 2021 Spanish General Council of Optometry. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction

Keratoconus (KC) is a common, non-inflammatory, mostly
bilateral disorder of the cornea, where a portion of it
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becomes thinner and bulges forward in a cone-shaped man-
ner. Changes in the corneal shape may lead to an impairment
in visual quality, increased sensitivity to light and glare, and
image distortion.1 Corneal tomography has enabled the
detection of the corneal ectasia at an earlier stage than was
previously possible, as it can detect subtle changes of the
cornea that occur before the loss of corrected distance
visual acuity and typical slit-lamp microscopy findings.2

Corneal cross-linking (CXL) with riboflavin and ultraviolet
(UV) light is a minimally invasive procedure for the treat-
ment of keratectasia via an increase of the mechanical and
biomechanical stability of the stromal tissue. The aim is to
halt the KC progression by creating new chemical bonds
(cross-links) between collagen fibrils in the corneal stroma
through localised photo polymerisation.3,4

Classification of KC based on cone location may reveal
differences in its pathology, but more importantly, can influ-
ence visual acuity and the outcomes of the CXL
procedure.5�8 The literature refers to the cone as central,
paracentral, or peripheral when the cone apex is within the
central 3 mm zone, between 3 and 5 central zones, or out of
the 5 mm central zone, respectively. Centrally located cones
exhibit a higher rate of corneal flattening, as well as visual
acuity improvement, after CXL treatment.9 Eyes with eccen-
tric cones have a higher rate of progression after CXL. This is
explained by the fact that ultraviolet light used during CXL
treatment is delivered in a flat, perpendicular emission
plane.10�12

In addition to allowing us to accurately localise the cone
apex, Scheimpflug camera-based devices also offer inte-
grated systems for assessing the severity of the disease, tak-
ing into account a variety of corneal parameters and
indices. So far, the literature has proposed several classifica-
tion systems for KC, amongst which the oldest and most fre-
quently used one is the Amsler-Krumeich (AK) classification
system.13�17 It classifies KC into four stages based on the
mean corneal power, astigmatism, transparency, and cor-
neal thickness.17 A new classification system, called the
ABCD grading system, on the contrary, does not rely solely
on the anatomy, but combines it with the functional perfor-
mance. Besides the tomographic parameters, it incorporates
the visual acuity in final gradation, which exceeds limita-
tions of previous systems and leads to more accurate moni-
toring of the disease progression.18 The ABCD grading
system has been incorporated in the OCULUS Pentacam soft-
ware as part of the Topometric/Keratoconus display and
Belin ABCD progression display.19 This system consists of five
stages (stages 0�4) and collects data in the 3.0-mm zone,
centred on the thinnest location (TL) of the cornea, for: A -
the anterior radius of curvature, B - posterior radius of cur-
vature, C - corneal thickness, and D � best corrected dis-
tance visual acuity.18,20

The aim of the present study was to determine the effect
of CXL on corneal parameters, and whether there is a differ-
ence in ABCD grading system in different cone locations.
Material and methods

This prospective study was conducted at a tertiary eye-care
centre from 2018 to 2020. It included thirty eyes of 25
patients with keratoconus, aged from 18 to 35 years, who
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received a corneal CXL treatment at the same institution.
After detailed information was provided, an informed con-
sent form was signed by all subjects. The study followed the
tenets of the Declaration of Helsinki and all protocols were
approved by the Ethics Committee of University Hospital
Centre.

The study included patients diagnosed with KC who
showed signs of disease progression, as mentioned in the
Global Consensus on Keratoconus and Ectatic Diseases. Ecta-
sia progression was defined by a consistent change in at least
2 of the following parameters where the magnitude of the
change is above the normal noise of the testing system:
steepening of the anterior corneal surface, steepening of
the posterior corneal surface, thinning and/or an increase in
the rate of corneal thickness change from the periphery to
the thinnest point.21 Exclusion criteria were: patients under
18 years of age, corneal pachymetry less than 400 mm, cor-
neal scarring, history of ocular trauma, history of ocular sur-
gery, and corneal pathology other than KC.

Under sterile conditions, the patient's eye was anesthe-
tised by multiple applications of topical 1% tetracaine and
the pupil was constricted with 2% pilocarpine. After corneal
epithelium was brushed off manually in the central 9 mm
zone, a CXL procedure was performed according to conven-
tional Dresden protocol: MedioCROSS M (0.1% Riboflavin,
1.1% HPMC) was instilled every 2 min for 30 min, after which
the cornea was irradiated for 30 min by a 9-mm diameter
beam of UV-A radiance of 3 mW/cm2. After the procedure,
the cornea was rinsed with a balanced salt solution and a sil-
icone hydrogel bandage contact lens was applied. Postoper-
atively, topical antibiotics (ofloxacin) were administered
three times daily, together with preservative-free lubricant
drops, until completion of the corneal epithelialisation. Sub-
sequently, the contact lens was removed, antibiotic therapy
discontinued and a steroid (fluorometholone) regime was
started - three times a day for four weeks, with a gradual
taper occurring after the second week. For the 3 eyes with
prolonged stromal haze, we used steroids for three to six
months.

Each patient underwent one preoperative (T0) and three
postoperative examinations. Postoperatively, subjects were
scanned at three months (T1), six months (T2), and a year
(T3) after the procedure. Each visit included a slit-lamp
examination, corneal tomography (Pentacam, OCULUS, Wet-
zlar, Germany) and visual acuity testing (Vista Vision Far-
Pola, DMD MedTech charts, Italy).

The study subjects were classified into two groups
depending on the cone location, which was based on X-Y
coordinates of Kmax at T0 (evaluated on the Pentacam Ante-
rior Tangential Curvature Map). The first group (G1) included
subjects with central and paracentral cone location, with
Kmax being within the central 5 mm corneal zone, while the
second group (G2) included peripheral cones, with the Kmax
being outside the central 5 mm corneal zone.

The Pentacam Belin ABCD progression display enabled the
analysis of parameters A, B, C and D, taken from a 3.0 mm
optical zone centred on the thinnest point of the cornea.
The best corrected visual acuity was manually added into
the system for each visit. Other than that, parameters moni-
tored on the Pentacam included: anterior radius of curva-
ture (ARC), posterior radius of curvature (PRC), thinnest
location (TL), Ambrosio relational thickness maximum
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(ARTmax), maximal keratometry (Kmax), flat and steep
keratometry values (K1 and K2), pachymetry at the apex
(PA), topographic keratoconus classification (TKC), average
pachymetric progression index (AIP), Belin/Ambrosio
enhanced ectasia total deviation value (BAD D), and back
and front corneal elevation. Topometric indices, including
the index of surface variance (ISV), index of vertical asym-
metry (IVA), index of height asymmetry (IHA), index of
height decentration (IHD), keratoconus index (KI), central
keratoconus index (CKI), and minimum sagittal curvature
(Rmin) were also analysed.

All the data were recorded in MS Office Excel tables and
analysed with Medcalc (v11.4.2 Medcalc Software, Ostend,
Belgium). Normality of data samples was assessed by the
Kolmogorov-Smirnov test. Repeated measures ANOVA or the
Friedman test (non-parametric repeated measures ANOVA)
were used as appropriate to compare different timepoints
(T0, T1, T2, T3). A p-value of < 0.05 was considered to be
statistically significant.
Results

Thirty eyes of 25 patients were recruited in this study, seven
of which were female. Their mean age was 26.3 § 5.9 years.
Based on the location of the Kmax on the Anterior Tangential
Curvature Map, 17 eyes (56.66%) had central and paracentral
keratoconus (G1) and 13 eyes (43.33%) had peripheral kera-
toconus (G2).

Parameter A remained relatively stable throughout the
follow-up period in both groups. There was no significant dif-
ference between G1 and G2. Parameter B showed significant
increase throughout the visits in both groups (p = 0.01 for
both), but the trend of that increase between the groups
was not significantly different. Parameter C also demon-
strated significant changes throughout the visits in both
groups (p < 0.001 for both). At the first postoperative visit,
a significant corneal thinning was noted, which was then fol-
lowed by the corneal thickening and stabilisation of parame-
ter C in both groups. In both G1 and G2, TL showed similar
initial thinning, with recovery and stabilisation 6-months
post-CXL. Parameter D and best distance visual acuity
improved in G2 earlier than in the G1 group, and this differ-
ence was noted as statistically significant (p = 0.034). How-
ever, these parameters recovered to the baseline values a
year post-CXL in both groups. Results are shown in the
Table 1.

A flattening of Kmax was noticed in both groups, although
it was not significant. Mean values of both flat and steep ker-
atometries demonstrated significantly greater change over
time in G1 group (p = 0.007 for K1; p = 0.008 for K2). The K1
decreased on the final visit in the G1 group, while in the G2
group it was similar to the baseline. Although showing a
decrease in the G1 group over the course of one year of fol-
low-ups, the K2 was slightly higher in comparison to the
baseline on the final visit.

The trend of change in values of AIP, BAD D, ART Max, PA,
ISV, IVA, KI and back elevation did not significantly differ
between the two groups in the postoperative period. IHA,
IHD, Rmin, and front elevation did not show a significant
change over time in each group, nor between the two
groups. The central keratoconus index (CKI) demonstrated a
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significant difference in trend throughout the follow-up
period between the groups (p = 0.001). In G1 group, this
value slightly decreased, while in G2 group it showed a slight
increase. Results of the parameters mentioned above are
shown in Table 2.
Discussion

While analysing patients included in the study, we found
there was not a great difference in either of the corneal
parameters that help determine the cone location (such as
corneal thinnest location, maximal anterior, and/or poste-
rior corneal elevation etc.), except for the Kmax. This group
arrangement, however, does not imply that Kmax alone
should be the parameter depicting the cone location or
shape. The literature describes various cone locations, but
most studies agree with it being decentred.9,14 Bardan et al.
have proposed using the Kmax rather than the thinnest loca-
tion for classifying the cone location if the purpose of this
classification is to monitor progression of KC.22 The ABCD
keratoconus grading system, contrary to the Kmax that has a
questionable efficacy in monitoring keratoconus progres-
sion, highlights the importance of the posterior corneal sur-
face, and each of its components (anterior and posterior
cornea, its thickness, and visual acuity) help in early detec-
tion of keratoconus progression.19

One of many studies have suggested that the cone loca-
tion can influence the KC response to CXL.23 The Bardan
et al. study found that the majority of their KC patients had
thinner corneas in the central 5 mm corneal zone, but the
cone location based on Kmax varied.22 This claim was also
confirmed in the present study. When analysing the location
of the corneal thinnest point in our patients, all were local-
ised in the central 5 mm corneal zone. However, analysing
the location of Kmax, almost half of the eyes showed a
peripheral cone location (outside the central 5 mm corneal
zone). Although an axial map is often used as a guide for the
cone location, the tangential map has been reported as a
superior in many aspects (including detection of subclinical
KC, contact lens fitting in KC, and for the implantation of
intrastromal corneal ring segments), and therefore has been
used in our study.24 The sagittal or axial curvature map is a
poor indicator of the location of the cone in KC and com-
monly exaggerates its peripheral appearance. Using the
Kmax to depict the cone location is questionable, as it fails
to reflect the degree of ectasia and ignores the contribution
of the posterior cornea. Studies have reported the Kmax as a
poor parameter for both KC progression and CXL efficacy.25

Duncan et al. described the ABCD keratoconus grading sys-
tem for monitoring KC progression, without using the
Kmax.19

Several methods have been described to evaluate the
progression of KC and to assess the efficacy of CXL. Early sys-
tems have utilised serial topographic analysis alone,
whereas many newer systems have used complex keratomet-
ric indices to describe progression.26 Kmax is the most com-
monly used parameter for detecting ectatic progression,
and documenting the CXL efficiency. Contrary to the number
of other studies where flattening of the Kmax has been docu-
mented postoperatively, the present study did not show any
statistically significant change over a 12-month
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postoperative period in either group, however, those values
showed a slight flattening in both groups on the 6-month
post-CXL visit.

Considering that Kmax alone raised concerns in monitor-
ing KC and CXL efficacy, Belin and Duncan described the
ABCD grading system which incorporates both anterior and
posterior corneal curvature, as well as corneal thickness and
visual performance.20 Most of the studies published so far
observed changes in this system to assess KC progression or
postoperative outcomes (after corneal CXL or after intracor-
neal ring segment implantation).19 Only one study of Bardan
et al. observed the postoperative influence of different cone
location on the ABCD grading system changes. They classi-
fied their patients according to cone location into central,
paracentral and peripheral cone group.22 Due to a smaller
sample size, we merged paracentral and central cones into
one group. They have observed the impact of classifying KC
location based on keratometry or pachymetry on progression
parameters and have concluded that the majority of pro-
gression parameters were noticed earlier when the KC was
classified based on Kmax.22

In the present study, parameter A did not show any signif-
icant differences between two groups. Parameter B, how-
ever, showed an increase throughout the visits, similarly in
both groups. Those results differ from the results of Bardan
et al., that showed decreased mean values of parameter A
in the central KC group, and no significant change in the
peripheral KC. Moreover, their study reported no significant
change of parameter B in either group.22 The study by Sa�gl{k
and Iş{k evaluated the ABCD grading system in patients who
were divided into different subgroups, according to the
steepening and flattening degrees of Kmax values 12 months
after the CXL treatment. Overall, their results showed a sig-
nificant regression of the parameter A, while parameter B
showed no change. The endpoints were determined in the
group with >2 D flattening of Kmax. These results showed
that excessive anterior surface flattening provided regres-
sion at grade A.27

Several studies have reported a thinning of the pachyme-
try measurements obtained from tomography in the early
period after CXL treatment, but in the late postoperative
period, these values have approached the pre-treatment
levels.28 Our results support that trend. Therefore, pachy-
metric measurements alone may cause errors in progression
analysis after CXL. Hence, for a more accurate analysis of
the effect and reliability of this parameter, a longer follow-
up period is needed.

Parameter D, which represents the best distance cor-
rected visual acuity showed a faster recovery in peripherally
located cones (6 months post-CXL), while in G1, the visual
recovery to baseline values was achieved after 12 months.
This can be explained by the fact that keratoconus compro-
mises the central region of the cornea to a lesser extent in
peripherally located cones in comparison to the centrally
and paracentrally located cones. However, Bardan et al. did
not show a significant difference between groups in visual
recovery during the follow-up period.22 Overall, the value of
parameter D was higher in a group with cone location that
was within the central 5 mm corneal zone (worse visual acu-
ity).

Both K1 and K2 showed similar stability at the final con-
trol visit when compared to the baseline. However, a longer
77



Table 2 Corneal parameters and indices of progression of G1 and G2 group at the preoperative visit, three, six, and twelve months after corneal cross-linking procedure.

T0 T1 T2 T3

N = 30 G1 G2 G1 G2 G1 G2 G1 G2 Repeated
measures ANOVA

Between-
subjects effects

Kmax 54.29 § 4.84 51.16 § 6.26 54.17 § 4.08 51.70 § 6.35 53.64 § 4.25 50.87 § 5.76 53.32 § 4.30 51.03 § 5.70 0.149 0.161
K1 45.17 § 2.57 42.64 § 1.84 44.99 § 2.45 42.26 § 1.96 44.99 § 2.69 42.7 § 1.96 44.88 § 2.63 42.59 § 2.08 <0.001 0.007
K2 48.92 § 3.40 45.79 § 2.22 48.84 § 3.30 45.82 § 2.48 48.50 § 3.38 45.80 § 2.32 49.09 § 3.97 45.55 § 2.41 <0.001 0.008
AIP 2.06 § 0.50 1.76 § 0.55 2.61 § 0.61 2.11 § 0.74 2.37 § 0.56 1.97 § 0.68 2.39 § 0.58 2.05 § 0.92 <0.001 0.093
BAD D 7.78 § 2.92 6.60 § 3.88 8.78 § 3.06 7.63 § 4.60 8.08 § 3.08 7.08 § 4.46 8.50 § 2.87 7.13 § 4.72 0.01 0.375
ART Max 163.71 § 42.72 205.15 § 119.02 117.65 § 36.12 163.69 § 104.88 137.24 § 34.31 168.31 § 90 139.88 § 35.85 163 § 84.24 0.002 0.173
PA 484.29 § 36.24 503.92 § 34.21 446.77 § 40.07 475.69 § 43.68 463.71 § 40.44 493.31 § 40.06 468.82 § 42.67 499.92 § 36.94 <0.001 0.063
IHA 31.57 § 20.69 25.63 § 18.09 32.32 § 22.41 25.89 § 20.85 32.62 § 18.42 26.73 § 20.13 28.25 § 16.99 22.43 § 15.93 0.638 0.291
IHD 0.11 § 0.05 0.12 § 0.09 0.11 § 0.04 0.13 § 0.09 0.11 § 0.04 0.12 § 0.09 0.1 § 0.04 0.12 § 0.08 0.053 0.593
ISV 77.12 § 27.03 82.39 § 54.87 81.71 § 22.52 89.08 § 55.67 77.24 § 23.69 80.69 § 49.63 75.82 § 24.74 80.39 § 46.16 0.008 0.714
IVA 0.83 § 0.30 1.02 § 0.70 0.89 § 0.25 1.13 § 0.75 0.84 § 0.26 0.97 § 0.72 0.82 § 0.29 1.01 § 0.63 0.015 0.315
KI 1.20 § 0.07 1.24 § 0.18 1.22 § 0.07 1.23 § 0.16 1.2 § 0.07 1.23 § 0.17 1.2 § 0.08 1.2 § 0.16 0.042 0.657
CKI 1.06 § 0.04 1.01 § 0.02 1.07 § 0.04 1.01 § 0.03 1.06 § 0.04 1.02 § 0.03 1.05 § 0.04 1.02 § 0.04 0.752 0.001
Rmin 6.25 § 0.56 6.69 § 0.78 6.25 § 0.47 6.62 § 0.80 6.33 § 0.51 6.74 § 0.76 6.36 § 0.54 6.68 § 0.72 0.145 0.105
El. F 20.41 § 8.41 20.62 § 14.48 21.35 § 7.46 21.31 § 18.32 18.94 § 8.23 21.46 § 17.56 18.77 § 7.81 21.39 § 16.88 0.192 0.773
El. B 48.24 § 18.95 45.00 § 30.03 55.24 § 18.34 48 § 34.56 50.59 § 18.91 50.23 § 33.73 52.24 § 19.07 51.31 § 38.87 0.008 0.762

T0� preoperative examination, T1 � 3 months postoperatively, T2 - 6 months postoperatively, T3 � one year postoperatively, G1 � group 1, G2 � group 2, Kmax �maximal keratometry, K1 �
flat keratometry, K2 � steep keratometry, AIP � progression index average, BAD-D � Belin/Ambrosio enhanced ectasia total deviation value, ART Max � Ambrosio relational thickness maxi-
mum, PA� pachymetry apex, IHA� index of height asymmetry, IHD � index of height decentration, ISV� index of surface variance, IVA� index of vertical asymmetry, KI � keratoconus index,
CKI � central keratoconus index, Rmin �minimum sagittal curvature, Elevation F � front corneal elevation, Elevation B � back corneal elevation.
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follow-up period is needed to conclude if CXL aided in halt-
ing KC in both groups. Considering previous studies, cones
within the central 5 mm corneal zone had more postopera-
tive corneal flattening comparing to the peripherally located
cones.9,11 This could be explained by decreased CXL effi-
ciency in the peripheral cones, as opposed to that in the cen-
tral cones, as intended UV rays of currently available CXL
devices might not be homogeneous over the whole treating
zone. The UV rays may disperse towards the periphery, with
a less powerful and inconsistent beam in peripherally
located cones. Therefore, the eccentric cones may exhibit
worse clinical results than presumed. The second fact is
called “cosine effect.” This mathematical rule indicated
that even with homogeneous distributed light energy, there
was a relatively low treatment power in the peripheral cor-
nea. In summary, the incidence angle of a ray with the cor-
neal surface decreases towards the periphery, owing to the
curvature of the cornea, and the light beam is falling over a
wide corneal zone. Accordingly, the more peripheral cones
may be exposed to less cross-linking power.10 AIP and BAD-D
values demonstrated progression in the postoperative period
in the present study, as well as the ISV, IVA, and KI. Those
results are most likely the result of a direct change in the
corneal surface due to the CXL procedure. Back elevation in
both groups showed a similar increase at the control visits in
both groups. There have been many reports of increased
posterior elevation after CXL.27,29 It is suggested that poste-
rior steepening along with anterior flattening may be the
cause for the stabilisation of keratometric values after
CXL.29 Other study found no significant changes in posterior
elevation after CXL.30 These differences can be explained by
ongoing ectatic changes in the posterior cornea or by the
insufficiency of existing devices to analyse posterior corneal
elevation after CXL.

It is also very important to note that pathophysiology of
corneal ectatic disorders is primarily associated to bio-
mechanical abnormalities, with structural instability and
tomographic changes being secondary events.21 Nowadays,
planning and following of CXL treatment also includes
assessment of corneal biomechanical properties.31,32 A novel
review of their role in clinical evaluation of patients with
ectatic corneal disorders was published by Salom~ao et al.33

The relevance of corneal biomechanical properties is funda-
mental in the field of refractive surgery, where it is used to
identify subjects who are at a higher risk of developing
ectatic corneal changes after laser vision correction.34 Koh
et al. found a correlation between biomechanical indices
and corneal tomographic parameters in patients with differ-
ent stages of KC, using Scheimpflug-based technologies.35

Combining biomechanical properties with keratometric indi-
ces could be useful in staging of KC and enhancing clinical
outcomes, and should be further investigated.
Conclusions

This study did not show a large difference in the postopera-
tive response between the cones of different locations, if
they are classified according to the Kmax. The changes that
were noted had a similar trend in both groups. It is important
to emphasise that visual acuity and parameter D were signif-
icantly better in the G2 group. Parameter A, in the present
79
study, did not show significant postoperative changes, as
demonstrated in previous studies.

The ABCD grading system could be a useful tool in assess-
ing the efficacy of corneal cross-linking, as it is more
detailed and incorporates anterior and posterior curvature,
thickness measurements, and visual acuity; however a lon-
ger follow-up period is needed for more accurate informa-
tion about halting the KC of different cone locations. Also,
one of the limiting factors of our study was a small sample
size of only 30 eyes, which may contribute to different out-
comes if the sample was larger.
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7. Kocam{ş S_I, Çakmak HB, Ça�g{l N, Toklu Y. Investigation of the
efficacy of the cone location and magnitude index in the diag-
nosis of keratoconus. Semin Ophthalmol. 2016;31(3):203�209.
https://doi.org/10.3109/08820538.2014.914234.

8. Maeda N, Fujikado T, Kuroda T, et al. Wavefront aberrations
measured with Hartmann-Shack sensor in patients with kerato-
conus. Ophthalmology. 2002;109(11):1996�2003. https://doi.
org/10.1016/S0161-6420(02)01279-4.

9. Greenstein SA, Fry KL, Hersh PS. Effect of topographic cone
location on outcomes of corneal collagen cross-linking for kera-
toconus and corneal ectasia. J Refract Surg. 2012;28
(6):397�405. https://doi.org/10.3928/1081597X-20120518-02.

10. Koller T, Schumacher S, 2nd Fankhauser F. Seiler T. Ribofla-
vin/ultraviolet a crosslinking of the paracentral cornea. Cor-
nea. 2013;32(2):165�168. https://doi.org/10.1097/
ICO.0b013e318269059b.

https://doi.org/10.1155/2015/795738
https://doi.org/10.1016/j.ajo.2017.06.0311
https://doi.org/10.1016/j.ajo.2017.06.0311
https://doi.org/10.3928/1081597X-20150623-02
https://doi.org/10.3928/1081597X-20150623-02
https://doi.org/10.3389/fbioe.2019.00066
https://doi.org/10.1111/aos.12899
https://doi.org/10.1111/aos.12899
https://doi.org/10.1167/8.2.13
https://doi.org/10.1167/8.2.13
https://doi.org/10.3109/08820538.2014.914234
https://doi.org/10.1016/S0161-6420(02)01279-4
https://doi.org/10.1016/S0161-6420(02)01279-4
https://doi.org/10.3928/1081597X-20120518-02
https://doi.org/10.1097/ICO.0b013e318269059b
https://doi.org/10.1097/ICO.0b013e318269059b


I. Krolo, A. Kasumovi�c, I. Matoc et al.
11. Wisse RP, Godefrooij DA, Soeters N, Imhof SM, Van der Lelij A. A
multivariate analysis and statistical model for predicting visual
acuity and keratometry one year after cross-linking for kerato-
conus. Am J Ophthalmol. 2014;157(3):519�525. https://doi.
org/10.1016/j.ajo.2013.11.001.

12. Sarac O, Caglayan M, Cakmak HB, Cagil N. Factors influencing
progression of keratoconus 2 years after corneal collagen cross-
linking in pediatric patients. Cornea. 2016;35(12):1503�1507.
https://doi.org/10.1097/ICO.0000000000001051.

13. Ali�o JL, Shabayek MH. Corneal higher order aberrations: a
method to grade keratoconus. J Refract Surg. 2006;22:539�545.
https://doi.org/10.3928/1081-597X-20060601-05.

14. McMahon TT, Szczotka-Flynn L, Barr JT, et al. A new method for
grading the severity of keratoconus: the Keratoconus Severity
Score (KSS). Cornea. 2006;25(7):794�800. https://doi.org/
10.1097/01.ico.0000226359.26678.d1.

15. Mahmoud AM, Roberts CJ, Lembach RG, Twa MD, Herderick
EE, McMahon TT. CLMI: the cone location and magnitude
index. Cornea. 2008;27:480�487. https://doi.org/10.1097/
ICO.0b013e31816485d3.

16. Li X, Yang H, Rabinowitz YS. Keratoconus: classification scheme
based on videokeratography and clinical signs. J Cataract
Refract Surg. 2009;35:1597�1603. https://doi.org/10.1016/j.
jcrs.2009.03.050.

17. Amsler M. Keratocone classique et keratocone fruste; argu-
ments unitaires. Ophtalmologica. 1946;111:96�101. https://
doi.org/10.1159/000300309.

18. Belin MW, Duncan JK. Keratoconus: the ABCD grading system.
Klin Monbl Augenheilkd. 2016;233:701�707. https://doi.org/
10.1055/s-0042-100626.

19. Duncan JK, Belin MW, Borgstrom M. Assessing progression of ker-
atoconus: novel tomographic determinants. Eye Vis. 2016;3:6.
https://doi.org/10.1186/s40662-016-0038-6.

20. Belin MW, Duncan J, Ambr�osio Jr. R, Gomes JAP. A New tomo-
graphic method of staging/classifying keratoconus: the ABCD
grading system. Int J Kerat Ect Cor Dis. 2015;4(3):85�93.
https://doi.org/10.5005/JP-JOURNALS-10025-1105.

21. Gomes JA, Tan D, Rapuano CJ, et al. Global consensus on kera-
toconus and ectatic disease. Cornea. 2015;34:359�369.
https://doi.org/10.1097/ICO.0000000000000408.

22. Bardan AS, Kubrak-Kisza M, Kisza KJ, Nanavaty MA. Impact of
classifying keratoconus location based on keratometry or
pachymetry on progression parameters. Clin Exp Optom.
2020;103(3):312�319. https://doi.org/10.1111/cxo.12927.

23. Mahmoud AM, Nu~nez MX, Blanco C, et al. Expanding the cone
location and magnitude index to include corneal thickness and
posterior surface information for the detection of keratoconus.
Am J Ophthalmol. 2013;156(6):1102�1111. https://doi.org/
10.1016/j.ajo.2013.07.018.
80
24. Rabinowitz YS. Tangential vs sagittal videokeratographs in
the “early” detection of keratoconus. Am J Ophthalmol.
1996;122(6):887�889. https://doi.org/10.1016/s0002-9394
(14)70388-5.

25. de Sanctis U, Loiacono C, Richiardi L, Turco D, Mutani B, Grignolo
FM. Sensitivity and specificity of posterior corneal elevation mea-
sured by Pentacam in discriminating keratoconus/subclinical ker-
atoconus. Ophthalmology. 2008;115(9):1534�1539. https://doi.
org/10.1016/j.ophtha.2008.02.020.

26. Choi JA, Kim MS. Progression of keratoconus by longitudinal
assessment with corneal topography. Invest Ophthalmol Vis Sci.
2012;53:927�935. https://doi.org/10.1167/iovs.11-8118.
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