
A novel Q-value-based nomogram for single
intracorneal ring segment implantation versus
standard manufacturer’s nomogram combined with
accelerated cross-linking for treatment of
keratoconus: a randomized controlled trial

Mohammed Iqbal,1 Ahmed Elmassry,2 Amr Mounir,1 Ola Ibrahim3 and Ashraf Soliman3

1Department of Ophthalmology, Faculty of Medicine, Sohag University, Sohag, Egypt
2Department of Ophthalmology, Faculty of Medicine, Alexandria University, Alexandria, Egypt
3Department of Ophthalmology, Faculty of Medicine, Ain Shams University, Cairo, Egypt

ABSTRACT.

Purpose: Tocompare the efficacyof implantinga singleKeraring segmentaccording

to a novelQ-value-based nomogram (QN) to that of segment implantation according

to the manufacturer’s standard nomogram (SN), for keratoconus treatment.

Methods: This was a prospective, randomized controlled trial of 104 patients (104

eyes) with Amsler-Krumeich grade 1 or 2 keratoconus, and type 1 or 2 cone

asymmetry determined according to manufacturer’s classification. They were

randomly distributed into two groups: group A patients (n = 52) underwent

Keraring implantation according to the SN, and group B patients (n = 52)

underwent implantation of a single (210° arc-length) Keraring segment according

to the QN. Both treatments were combined with accelerated transepithelial cross-

linking, and follow-up was 6 months. Main outcome measures were preoperative

and postoperative visual acuity, subjective refraction and corneal topography.

Results: At postoperative month 6, group B exhibited statistically significantly

higher values of mean uncorrected distance visual acuity (UDVA), sphere, K2,

K-average, K-max and Q-anterior (p = 0.02, 0.01, 0.002, 0.001, 0.0001 and

0.03, respectively) compared to that of group A. However, group A exhibited

better refractive cylindrical improvements (p = 0.04). In group A, we docu-

mented spontaneous extrusion of one Keraring segment.

Conclusion: Single 210° arc-length segment implantation using our objective

QN was more efficacious for keratoconus treatment than using the subjective

SN. The nomograms were comparable when the Q-anterior value was >�1.00;

however, the QN was superior to the SN when the Q-anterior value was ≤�1.00.

The QN yielded greater postoperative UDVA and smoother corneal remodelling

than did the SN for treatment of grade 1 and 2 keratoconic eyes.

Key words: corneal asphericity – corneal cross-linking – intracorneal rings – Kerarings – kerato-

conus – Q-value nomogram
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Introduction

Wollensak et al. (2003) introduced the
first successful treatment of kerato-
conus using corneal cross-linking
(CXL). This technique, also known as
the Dresden protocol, is able to halt
disease progression and improves cor-
neal biomechanical properties (Spoerl
et al. 2011; Raiskap et al. 2015; Vin-
ciguerra et al. 2017; Iqbal et al. 2019a;
Iqbal et al. 2019b; Herber et al. 2020).
Modified CXL techniques, such as
accelerated epithelium-off CXL
(ACXL) and transepithelial accelerated
epithelium-on CXL (TCXL), have pro-
ven to be less efficient than standard
CXL (Soeters et al. 2015; Bikbova &
Bikbov 2016; Rush & Rush 2017;
Mazzotta et al. 2019; Iqbal et al. 2020).

Intracorneal ring segment (ICRS)
implantation flattens the central corneal
curvature, thus reducing the refractive
error and keratometry values, as well as
improving visual outcomes (Kymionis
et al. 2014; Tian et al. 2018; Iqbal et al.
2019c). Keraring segments (Mediphacos
Inc., Belo Horizonte, Brazil), Ferrara
ring segments (AJL Ophthalmic S.A.,
Vitoria-Gasteiz, Spain) and INTACS
ring segments (Addition Technology,
Inc., Lombard, IL,USA) arewidely used
to correct refractive status in kerato-
conus patients, regularizing the anterior
corneal surface to decrease both myopic
and astigmatic components (Saleem
2015; Heikal et al. 2017; Guyot et al.
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2019;Rochaet al. 2019;Zaky et al. 2020).
The introduction of femtosecond laser
surgery increased the popularity of ICRS
implantation among cornea surgeons, as
the procedure is simple, safe and accurate
(Ibrahim et al. 2016; Al-Tuwairqi et al.
2017; Park et al. 2019). When CXL is
combined with refractive surgery, it may
be referred toas ‘CXL-Plus’ (Randleman
et al. 2017); one example is the combina-
tion of CXL and ICRS implantation
(Saleem et al. 2018).

The cornea has a steeper curvature
in its centre than in its periphery, and
normal corneas have a mean Q-value (a
coefficient of corneal asphericity) of
�0.26 � 0.18 and a range of �0.88 to
+0.50 (Kiely et al. 1982; Safarzadeh &
Nasiri 2016). There is an inverse rela-
tionship between keratoconus severity
and the Q-value, due to increased
prolateness; however, this relationship
is lost in advanced keratoconus, as it
becomes difficult to obtain a reliable Q-
value (Torquetti et al. 2012).

Intracorneal ring segment implanta-
tion results in better visual outcomes in
patients with advanced keratoconus and
reduced preoperative visual acuity, than
in patients with early keratoconus and
good preoperative visual acuity (Alio
et al. 2014; Vega-Estrada & Alio 2016;
Fariselli et al. 2020).AsKeraring implan-
tation outcomes in keratoconic eyes are
still unpredictable, there is a great need
for improved nomograms or computer
algorithms (Alio et al. 2014; Vega-
Estrada & Alio 2016; Fariselli et al.
2020). Utine et al. 2018 noted that
postoperative visual improvements seem
to be related to improvements in corneal
asphericity and that the ideal nomogram
would allow one to choose ICRS param-
eters according to a target Q-value.
Therefore, we designed a Q-value-based
nomogram (QN) and compared it to the
manufacturer’s standard nomogram
(SN) for Keraring implantation in
patients with keratoconus grades 1 and
2 (Amsler-Krumeich classification) in a
prospective, randomized controlled trial.
Our primary outcome was to test the
efficacy of the QN, while our secondary
outcomes were to document the short-
term visual, refractive and topographic
results and potential complications using
both procedures.

Materials and Methods

The Institutional Review Board of the
Sohag Faculty of Medicine, Sohag

University, Egypt, approved the proto-
col for this prospective, multicentre,
randomized controlled trial, which
adhered to the tenets of the Declara-
tion of Helsinki. This study was regis-
tered at the Pan African Clinical Trial
Registry (PACTR201811613938575).
Surgeries were performed in coopera-
tion with two private eye centres, one
in Sohag (Future Femtolaser Center)
and one in Cairo (Durrah Specialized
Eye Center), Egypt.

Our study included 104 keratoconic
eyes of 104 patients with documented
keratoconus progression (K-max >1
D). The nature of the disease, its
presentation, treatment options, Ker-
aring nomogram options and potential
consequences were fully explained to
all patients, who subsequently provided
informed consent before surgery. Inclu-
sion criteria were as follows: grade 1
(mean keratometry [K-average] value
<48 D and myopic and astigmatic
components <5 D) or grade 2 (K-
average value 48–53 D and myopic
and astigmatic components 5–8 D)
keratoconus based on the Amsler-
Krumeich classification; type 1 (100%
of the cone on one side of the steepest
meridian) or type 2 (80% of the cone
on one side of the steepest meridian)
cone asymmetry based on the standard
manufacturer’s classification; and
≥380 lm corneal thickness at the thin-
nest location (CTT). Exclusion criteria
were as follows: previous corneal sur-
gery; corneal opacities; history of, or
concomitant, vernal keratoconjunctivi-
tis (VKC); excessive eye rubbing; or
dry eye syndrome.

All patients underwent ophthalmic
examination, including preoperative
and postoperative assessments of
visual acuity, refractive status, slit-
lamp and fundus examinations, as well
as topographic/tomographic parame-
ters. Main outcome measures were as
follows: logarithm of the minimum
angle of resolution (logMAR) uncor-
rected distance visual acuity (UDVA);
logMAR corrected distance visual acu-
ity (CDVA); subjective refractive com-
ponents, including sphere, refractive
cylinder and spherical equivalent
(SE); and topographic/tomographic
outcomes, including keratometry (K)
values, pachymetry, topographic cylin-
der and the corneal asphericity Q-values
on the anterior and posterior corneal
surfaces (Q-anterior and Q-posterior,
respectively).

Grouping of study participants

Patients were randomly assigned to
one of two groups. Patients in each
group underwent Keraring implanta-
tion combined with TCXL. Keraring
implantation was performed according
to the SN in 52 eyes (group A, the
control group) or according to the QN
in 52 eyes (group B, the experimental
group).

Furthermore, we planned to conduct
various subgroup analyses within each
group. One subdivision was made
according to Q-anterior value: sub-
group Q1 level had a Q-anterior value
>�1 and subgroup Q2 level had a Q-
anterior value ≤�1. The other subdivi-
sion was made according to kerato-
conus grade: subgroups Gr1 and Gr2.
Thus, the eight subgroups were A-Q1,
A-Q2, B-Q1, B-Q2, A-Gr1, A-Gr2, B-
Gr1 and B-Gr2. Comparisons were
made between groups and subgroups
in order to determine the efficacy of
each protocol.

Surgical procedures

We used the CSO SIRIUS Topogra-
pher (CSO, Florence, Italy) for corneal
topography, the KXL System (Avedro
Inc., Burlington, MA, USA) for TCXL
and the iFS advanced femtosecond
laser (Abbott Laboratories Inc.,
Abbott Park, IL, USA) for corneal
tunnelling. All Keraring segments were
the SI-5 model, which is synthesized
from poly(methyl methacrylate) and
consists of a triangular, cross-sectional
design and a 5-mm optical zone.

For corneal tunnelling, iFS parame-
ters were as follows: corneal tunnel
depth, fixed at 75% of the CTT; inner
diameter, 5 mm; outer diameter,
5.9 mm; entry cut length, 1.40 mm;
entry cut thickness, 1 mm; incision
axis, according to the steepest merid-
ian; ring energy, 1.95 lJ; and entry cut
energy, 1.95 lJ.

Topical anaesthetic eye drops (0.4%
benoxinate hydrochloride (BENOX
Sterile Ophthalmic Solution, EIPICO,
Tenth of Ramadan City, Egypt) were
instilled into the eye 15 min prior to
surgery. Patients were directed to fixate
their eyes upon a flashing light, in order
to mark the centre of the cornea. A
suction ring was applied to fixate the
eye during tunnelling. A spatula was
introduced into the tunnel to ensure its
patency. One or two Keraring
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segments were implanted into the tun-
nel according to the SN or the QN.

Standard nomogram

All eyes in group A were treated
according to the SN (Keraring Calcu-
lation Guidelines 2009, version 5.2
available at Keraring Calculation
Helpdesk at keraring@mediphacos.
com; Mediphacos Inc., Belo Horizonte,
Brazil). As we included only eyes with
type 1 or 2 cone asymmetry, we used
part A (i.e. nomogram A) of the SN to
determine the number of segments to
implant, in each case.

Q-value nomogram

Table 1 contains our QN. The goal with
the QN was to implant a single segment
to reverse the protrusion of eyes with
type 1 or 2 cone asymmetry, that is to lift
the cones up and push them backwards
and upwards towards the original direc-
tion from which they protruded down-
wards. The QN assists the practitioner
in choosing themost suitable segment to
achieve this. According to the QN, the
segment arc-length is fixed at 210° in all
cases, while segment thickness is
approximately 60% of the corneal
thickness at the optical zone (CTO),
where the segment is implanted.

During surgery, the cornea was
marked along the 0°–180° axis during
slit-lamp examination. Thereafter, the
steepest meridian was marked on table
and femtosecond laser tunnelling was
performed. The 210-degree-arc-length
segment was implanted into the tunnel
and guided until its edge was 10° below
the incision site. Accordingly, the seg-
ment straddled the cone, thereby
reversing the protrusion and mimicking
the pre-ectatic condition.

Transepithelial CXL

Following implantation of Kerarings,
TCXL was performed according to the
manufacturer’s nomogram (Avedro

Inc.). Two types of riboflavin were
applied onto the intact epithelium of
the cornea. The first type, 0.25% ribo-
flavin with hydroxypropyl methylcellu-
lose and benzalkonium chloride
(ParaCel; Avedro Inc.), was instilled at
1.5-min intervals for 4.5 min. The sec-
ond type, an isotonic, dextran-free solu-
tion of 0.22% riboflavin (VibeX Xtra;
Avedro Inc.), was instilled at 1.5-min
intervals for 6 min. For UVA corneal
irradiation, KXL System parameters
were as follows: total UVA time, 2 min
40 seconds; total treatment time, 5 min
20 seconds; total energy delivered,
7.2 J/cm2, via 45 mW/cm2 power; and
pulsed UVA mode, 1 second on and
1 second off. Finally, a bandage contact
lens was applied to the cornea.

Postoperative medication and care

All patients received the same postop-
erative topical treatment, in the form of
antibiotic eye drops (0.5%moxifloxacin
hydrochloride; Vigamox, Alcon Labo-
ratories, Inc., Fort Worth, TX, USA),
steroidal eye drops (1% prednisolone
acetate; Econopred Plus, Alcon Labo-
ratories, Inc.) and lubricating eye drops
(Systane Ultra, Alcon Laboratories,
Inc.). All topical eye drops were instilled
five times daily for the first week and
three times daily for the second week.
Bandage contact lenses were removed
24 hr after surgery, during the first
follow-up visit. All patients were fol-
lowed up at postoperative day 1, week 1,
as well as months 1, 3 and 6; however,
corneal topography was measured only
at postoperative month 6.

Statistical analysis

Data analysis and graph construction
were performed using Stata 14.2 (Stata
Statistical Software: Release 14.2; Stata-
Corp LP, College Station, TX, USA).
Quantitative data were represented as
the mean � standard deviation, or the

median and range. Mean differences
were calculated for paired data. Several
different statistical tests were used to
calculate the p values in this study. For
comparing preoperative and postopera-
tive outcomes within the same group, we
used the paired t-test for normally
distributed data and the Wilcoxon
matched-pairs signed-rank test for non-
normally distrusted data. For comparing
postoperative differences between the
two groups, we used Student’s t-test for
normally distributed data and the
Mann–Whitney test for non-normally
distributed data. Regarding the postop-
erative differences among the two sets of
subgroups, Student’s t-test was used to
compare two subgroups and one-way
analysis of variance (ANOVA) with Bon-
ferroni post hoc test to compare three
subgroups or more for normally dis-
tributed data. For non-normally dis-
tributed data, we used Mann–Whitney
test to compare two subgroups and the
Kruskal–Wallis test to compare three
subgroups or more. A p value <0.05 was
considered statistically significant.

Results

This study included one eye each of 104
keratoconus patients (59% male, 41%
female). Patients in group A (n = 52)
had a mean age of 28.06 � 5.92 years,
and patients in group B (n = 52) had a
mean age of 28.73 � 9.50 years.
Patient characteristics and descriptive
statistics of their eyes are summarized
in Table 2. There were no statistically
significant differences for these values
between groups A and B, between the
four Q-value subgroups or between the
four keratoconus-grade subgroups.

Visual, refractive and topographic

outcomes

In group A, at postoperative month 6,
there were improvements in all mean
visual, refractive and keratometric out-
comes, as well as in Q-anterior (all
p < 0.0001; Table 3). On the other
hand, postoperative mean pachymetry,
topographic cylinder and Q-posterior
were not statistically significantly dif-
ferent from that before surgery.
Table 3 shows the summary of group
A outcomes.

In group B, at postoperative month
6, there were improvements in all mean
visual, refractive and keratometric out-
comes, as well as in Q-anterior and

Table 1. The novel Q-value-based nomogram.

Q-anterior

CTO < 450 µm
Degree/µm

CTO 450–500 µm
Degree/µm

CTO >500 µm
Degree/µm

˃�0.50 210/150 210/150 210/150

�0.50 to ˃�1 210/150 210/200 210/250

�1 to �1.50 210/200 210/250 210/300

<�1.50 210/250 210/250 210/300

CTO = corneal thickness at the optical zone, Q-anterior = asphericity of the anterior corneal

surface.

Values are indicated as Keraring segment arc-length/thickness.
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topographic cylinder [all p < 0.0001,
except for refractive and topographic
cylinders (both p = 0.001); Table 4].
Meanwhile, postoperative mean pachy-
metry and Q-posterior were not statis-
tically significantly different from that
before surgery. Table 4 shows the sum-
mary of group B outcomes.

Between-group comparisons

We recorded no between-group differ-
ences in any of the mean visual,
refractive or topographic parameters
at baseline, except for Q-posterior
(p = 0.002; Table 5). At postoperative
month 6, we recorded significantly

better postoperative improvements in
the mean refractive in group A than in
group B (p = 0.04, Table 5), and more
significant improvements in the mean
UDVA, sphere, K2, K-average, K-max
and Q-anterior in group B than in
group A (p = 0.02, 0.01, 0.002, 0.001.
0.001 and 0.03, respectively; Table 5).
Table 5 and Fig. 1 summarize the
comparisons of the between-group
postoperative outcomes.

Between-subgroup comparisons based on

Q-value grading

Table 6 summarizes the postoperative
between-subgroup comparisons based

on Q-value grading. However, here,
we present only the results of the
comparisons between A-Q1 and B-Q1
(i.e. p2 in Table 6), as well as that
between A-Q2 and B-Q2 (i.e. p5 in
Table 6). We observed better
improvements in mean K2, K-average
and K-max values in subgroup B-Q1
than in subgroup A-Q1 (p = 0.009,
0.01 and 0.009, respectively). We
observed better improvements in
mean UDVA, sphere, SE, K-max
and Q-anterior values in subgroup
B-Q2 than in subgroup A-Q2
(p = 0.0004, 0.001, 0.04, 0.008 and
0.01, respectively).

Between-subgroup comparisons based on

keratoconus grading

Table 7 summarizes the postoperative
between-subgroup comparisons based
on keratoconus grading. Here, we pre-
sent only the results of the comparisons
between A-Gr1 and B-Gr1 (i.e. p2 in
Table 7), as well as that between A-
Gr2 and B-Gr2 (i.e. p5 in Table 7). We
observed higher improvements in mean
UDVA and K-max values in subgroup
B-Gr1 than in subgroup A-Gr1
(p = 0.01 and 0.004, respectively). We
observed higher improvements in mean
UDVA, sphere, K2 and K-average
values in subgroup B-Gr2 than in
subgroup A-Gr2 (p = 0.04, 0.04, 0.002
and 0.003, respectively). However, sub-
groups A-Gr2 and B-Gr2 had similar
mean K-max improvements (p = 0.05).
Figure 2 shows the postoperative

Table 2. Patient characteristics and descriptive statistics of their eyes.

Variable

Group A

N = 52 eyes of 52

patients

Group B

N = 52 eyes of 52

patients

p

value

Age/years

Mean � SD 28.06 � 5.92 28.73 � 9.50 0.94

Median (range) 29 (15:41) 29.5 (14:48)

Gender

Total Patients (104) 52 52 0.32

Males (61) 33 (63.46%) 28 (53.85%)

Females (43) 19 (36.54%) 24 (46.15%)

Preoperative KC grading

Eyes (104) 52 52 0.84

Grade 1, mean K < 48 D (51

eyes)

25 eyes (48.1%, A-Gr1) 26 eyes (50%, B-Gr1)

Grade 2, mean K 48–53 D (53

eyes)

27 eyes (51.9%, A-Gr2) 26 eyes (50%, B-Gr2)

Preoperative Q-value grading

Eyes (104) 52 52 0.84

Q1 value >�1 (51 eyes) 26 eyes (50%, A-Q1) 25 eyes (48.1%, B-Q1)

Q2 value ≤�1 (53 eyes) 26 eyes (50%, A-Q2) 27 eyes (51.9%, B-Q2)

Table 3. Visual, refractive and topographic data analysis of group A.

Variable

Preoperative

Mean � SD

Postoperative 6th month

Mean � SD

Difference (post-pre)

Mean � SD

(95 % CI) p value

UDVA (logMAR) 1.13 � 0.29 0.68 � 0.23 �0.44 � 0.29 (�0.52:�0.36) <0.0001
CDVA (logMAR) 0.58 � 0.31 0.21 � 0.21 �0.37 � 0.22 (�0.43:�0.31) <0.0001
Sphere (D) �4.35 � 1.51 �1.75 � 1.13 2.60 � 1.23 (2.26:2.95) <0.0001
Refractive cylinder (D) �3.18 � 1.26 �1.76 � 1.14 1.41 � 1.52 (0.99:1.84) <0.0001
SE (D) �5.93 � 1.54 �2.65 � 1.24 3.29 � 1.46 (2.88:3.69) <0.0001
K1 (D) 46.26 � 2.75 43.68 � 2.46 �2.57 � 1.90 (�3.10:�2.05) <0.0001
K2 (D) 50.49 � 3.44 47.46 � 3.70 �3.03 � 2.17 (�3.63:�2.42) <0.0001
K-average (D) 48.37 � 2.81 45.57 � 2.89 �2.80 � 1.61 (�3.24:�2.35) <0.0001
K-max (D) 54.44 � 3.84 50.96 � 3.82 �3.48 � 2.44 (�4.16:�2.80) <0.0001
Topographic cylinder (D) �4.23 � 2.68 �3.78 � 2.47 0.45 � 2.48 (�0.24:1.15) 0.11

Pachymetry (µm) 449.79 � 33.55 446.94 � 36.91 �2.85 � 17.09 (�7.60:1.91) 0.32

Q-anterior �1.04 � 0.41 �0.59 � 0.51 0.45 � 0.39 (0.34:0.56) <0.0001
Q-posterior �0.92 � 0.56 �0.93 � 0.66 �0.01 � 0.58 (�0.17:0.15) 0.79

CDVA = corrected distance visual acuity, D = dioptre, K1, K2, K-average and K-max = keratometric readings, logMAR = logarithm of the

minimum angle of resolution, Q-anterior = asphericity of the anterior corneal surface, Q-posterior = asphericity of the posterior corneal surface,

SD = standard deviation, SE = spherical equivalent, UDVA = uncorrected distance visual acuity.

p values were calculated using either paired t-test for normally distributed data or Wilcoxon matched-pairs signed-rank test for non-normally

distributed data.
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differences among A and B subgroups
in terms of UDVA and K-max.

Complications

In group A, we recorded spontaneous
extrusion of one ring segment from one
eye at postoperative month 6. We
removed only this segment, and log-
MAR CDVA remained stable at 0.7.
Furthermore, four eyes (8%) in group
A and one eye (2%) in group B
exhibited no postoperative UDVA
and CDVA improvements, despite
mild flattening of the cone and refrac-
tive improvements in three of these.
However, we recorded no cases of
postoperative keratoconus progression.

Discussion

Our study included 104 patients (104
keratoconus eyes) that underwent Ker-
aring implantation combined with
TCXL, in order to compare the SN
and our novel QN. We decided to
document our experience by performing
this randomized controlled trial. We did
not simply aim to flatten the cornea, but
to mimic the pre-ectatic corneal status
as closely as possible by carefully restor-
ing the cone to its original position. The
key to success lay in achieving approx-
imately normal corneal asphericity. In
other words, we aimed for a target Q-
value, which can be measured objec-
tively, maximally improving corneal
refraction and visual acuity.

The main difference between the
nomograms is that our QN relies on

objective measurements, while the 2009
SN is subjective in nature. The SN
depends on preoperative CDVA and

subjective refraction to improve post-
operative visual and refractive out-
comes, which can be misleading in

Table 4. Visual, refractive and topographic data analysis of group B.

Variable

Preoperative

Mean � SD

Postoperative 6th month

Mean � SD

Difference (post-pre)

Mean � SD (95 % CI) p value

UDVA (logMAR) 1.11 � 0.30 0.53 � 0.20 �0.58 � 0.30 (�0.67:�0.50) <0.0001
CDVA (logMAR) 0.56 � 0.16 0.18 � 0.16 �0.38 � 0.17 (�0.47:�0.30) <0.0001
Sphere (D) �4.27 � 1.32 �1.13 � 0.79 3.13 � 1.11 (2.83:3.44) <0.0001
Refractive cylinder (D) �3.14 � 1.63 �2.35 � 1.24 0.79 � 1.50 (0.37:1.21) 0.001

SE (D) �5.84 � 1.51 �2.29 � 1.04 3.55 � 1.45 (3.14:3.95) <0.0001
K1 (D) 46.17 � 2.37 42.98 � 2.50 �3.18 � 1.62 (�3.64:�2.73) <0.0001
K2 (D) 49.55 � 2.57 45.41 � 2.57 �4.14 � 1.82 (�4.64:�3.63) <0.0001
K-average (D) 47.86 � 2.24 44.20 � 2.42 �3.66 � 1.47 (�4.07:�3.25) <0.0001
K-max (D) 55.22 � 4.21 50.09 � 3.96 �5.13 � 3.17 (�6.01:�4.25) <0.0001
Topographic cylinder (D) �3.38 � 2.10 �2.43 � 1.49 0.95 � 1.79 (0.45:�1.45) 0.001

Pachymetry (µm) 447.25 � 33.58 449.79 � 34.03 2.54 � 12.24 (�0.87:5.95) 0.14

Q-anterior �1.00 � 0.35 �0.45 � 0.34 �0.55 � 0.40 (0.44:0.66) <0.0001
Q-posterior �1.20 � 0.38 �1.17 � 0.40 0.03 � 0.23 (�0.04:0.09) 0.35

CDVA = corrected distance visual acuity, D = dioptre, K1, K2, K-average and K-max = keratometric readings, logMAR = logarithm of the

minimum angle of resolution, Q-anterior = asphericity of the anterior corneal surface, Q-posterior = asphericity of the posterior corneal surface,

SD = standard deviation, SE = spherical equivalent, UDVA = uncorrected distance visual acuity.

p values were calculated using either paired t-test for normally distributed data or Wilcoxon matched-pairs signed-rank test for non-normally

distributed data.

Table 5. Comparative analysis of the visual, refractive and topographic postoperative differences

between groups A and B.

Postoperative Differences

(Post 6ms-Preoperative)

Group A

Mean � SD

Median (range)

Group B

Mean � SD

Median (range) p value

UDVA (logMAR) �0.44 � 0.29

�0.4 (�1.3:0.1)

�0.58 � 0.30

�0.5 (�1.3:0)

0.02

CDVA (logMAR) �0.37 � 0.25

�0.4 (�1:0)

�0.38 � 0.17

�0.4 (�0.7:0)

0.14

Sphere (D) 2.60 � 1.24

2.38 (0.75:6.25)

3.13 � 1.11

3.13 (0.75:5.25)

0.01

Refractive Cylinder (D) 1.41 � 1.52

1.25 (�2.5:3.5)

0.79 � 1.51

0.75 (�2.5:5)

0.04

SE (D) 3.29 � 1.46

3 (0.75:6.88)

3.55 � 1.45

3.56 (0.25:7)

0.22

K1 (D) �2.57 � 1.90

�2.7 (�7.63:1.76)

�3.18 � 1.62

�3.00 (�7.59:�0.5)

0.15

K2 (D) �3.03 � 2.17

�2.96 (�8.07:1.81)

�4.14 � 1.82

�4 (�8.25:0.17)

0.002

K-average (D) �2.80 � 1.61

�2.52 (�6.77:�0.21)

�3.66 � 1.47

�3.35 (�7.51:�0.17)

0.001

K-max (D) �3.48 � 2.44

�4.60 (�21.52:�0.04)

�5.13 � 3.17

�4.35 (�21.52:�1.19)

0.001

Pachymetry (µm) �2.85 � 17.09

�1 (�60:35)

2.53 � 12.24

0.5 (�21:37)

0.19

Q-anterior 0.45 � 0.39

0.38 (�0.14:1.36)

0.55 � 0.40

0.61 (�0.75:1.28)

0.03

Q-posterior �0.01 � 0.58

�0.11 (�1.25:1.25)

0.03 � 0.23

0.02 (�0.56:0.59)

0.34

Topographic Cylinder (D) 0.45 � 2.48

0.42 (�6.15:5.84)

0.95 � 1.79

1.01 (�2.48:5.57)

0.29

CDVA = corrected distance visual acuity, D = dioptre, K1, K2, K-average and K-max = ker-

atometric readings, logMAR = logarithm of the minimum angle of resolution, Q-anterior = as-

phericity of the anterior corneal surface, Q-posterior = asphericity of the posterior corneal

surface, SD = standard deviation, SE = spherical equivalent, UDVA = uncorrected distance

visual acuity.

p values were calculated using either Student’s t-test for normally distributed data or Mann–
Whitney test for non-normally distrusted data.
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ectatic eyes, while the QN aims only to
restore normal corneal asphericity. In
addition, we believe that following the
SN causes a flattening of the cornea,
with redistribution of cone tissues in
random directions, while our QN
enables the repositioning of cone tis-
sues as a unit, returning them to their
pre-ectatic positions.

We demonstrated that both nomo-
grams improved visual, refractive and
topographic outcomes more in grade 2
than in grade 1 keratoconic eyes, and
more in eyes with a Q-anterior value
≤�1.00 than in eyes with a Q-anterior
value >�1.00. However, the QN
yielded statistically significantly better
improvements regarding UDVA,
sphere and K-max values than the SN
did, in eyes with grade 2 keratoconus
and in eyes with a Q-anterior value
≤�1.00. In addition, the QN yielded
statistically significantly better
improvements in keratometric values

than the SN did in eyes with a Q-
anterior value >�1.00. Meanwhile, the
SN was statistically significantly supe-
rior to the QN only in terms of
improvement in refractive cylindrical
measurements, and not when the
groups were stratified by Q-anterior
value or keratoconus grade.

Regarding postoperative visual
changes, 79% of eyes treated according
to the QN, and 58% of eyes treated
according to the SN, exhibited log-
MAR UDVA improvements ≥0.4.
However, a similar proportion of eyes
(54% with the QN and 52% with the
SN) exhibited a postoperative improve-
ment in logMAR CDVA ≥0.4. These
outcomes signify that UDVA was more
sensitive than CDVA in detecting the
relative postoperative visual improve-
ment when using the QN.

Moreover, when using the QN,
38.5% and 55.8% of eyes exhibited
postoperative reductions ≥4 D in K-

average and K-max, respectively; when
using the SN, only 23.1% and 44.2%
of eyes exhibited the corresponding
postoperative reductions, respectively.
These results indicate that the QN
yielded better postoperative corneal
flattening than the SN did, and the
improvements in K-average and K-
max could be correlated with the
improvement in UDVA in the QN
group.

In group A, 23 eyes were implanted
with one Keraring segment, while 29
eyes were implanted with two Keraring
segments according to standard nomo-
gram. The 160 or 210 arc-length seg-
ments were implanted in the 23 eyes of
group A. Meanwhile, the 90, 120 or 160
arc-length segments were implanted in
the 29 eyes of group A. In group B, all
52 eyes were implanted with one Ker-
aring segment, 210 arc-length segment.
We believe that the change in the
number and size of ring segments were

Fig. 1. Analysis of the visual, refractive and topographic outcomes in groups A and B at postoperative month 6; (A) uncorrected distance visual

acuity (UDVA) and corrected distance visual acuity (CDVA). (B) sphere, refractive cylinder and spherical equivalent (SE). (C) K1, K2, K-average

and K-max. (D) asphericity of the anterior (Q-anterior) and posterior (Q-posterior) corneal surfaces. There were differences in UDVA, sphere,

refractive cylinder, K2, K-average, K-max and Q-anterior at postoperative month 6 (p = 0.02, 0.01, 0.04, 0.002, 0.001, 0.001 and 0.03, respectively).
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responsible for the differences between
both nomogram outcomes. Therefore,
we intended to change the SN and shift
to QN by changing the number and
size of ring segments to achieve better
postoperative outcomes.

Utine et al. (2018) reported the
results of Keraring implantation in 42

eyes according to the SN and con-
cluded that postoperative improve-
ments in UDVA and CDVA were
related to postoperative improvements
in Q-anterior and K-average values,
but not related to postoperative
improvements in SE or cylinder values.
They also stated that corneal

asphericity plays an important role in
postoperative visual outcomes, which
necessitates the development of new
nomograms. Their results correspond
with ours, as the QN yielded better
improvements in Q-anterior value and
UDVA than the SN did. In other
words, the improvement in UDVA

Table 6. Comparative analysis of the visual, refractive and topographic postoperative differences between A and B subgroups based on Q-value

grading.

Postoperative

Differences

(Post 6ms-Preop)

A-Q1

N = 26 eyes

(Mean � SD)

A-Q2

N = 26 eyes

(Mean � SD)

B-Q1

N = 25 eyes

(Mean � SD)

B-Q2

N = 27 eyes

(Mean � SD) P all P1 P2 P3 P4 P5 P6

UDVA (logMAR) �0.37 � 0.29 �0.52 � 0.29 �0.34 � 0.14 �0.80 � 0.24 0.0001 0.06 0.91 0.0001 0.03 0.0004 0.0001

CDVA (logMAR) �0.30 � 0.19 �0.43 � 0.22 �0.32 � 0.41 �0.44 � 0.14 0.02 0.04 0.13 0.002 0.43 0.79 0.17

Sphere (D) 2.79 � 1.23 2.41 � 1.23 2.41 � 1.02 3.48 � 1.09 0.005 0.18 0.88 0.03 0.12 0.001 0.02

Refractive Cylinder

(D)

1.18 � 1.67 1.64 � 1.35 0.61 � 1.41 0.95 � 1.60 0.13 0.41 0.18 0.49 0.02 0.12 0.47

SE (D) 3.38 � 1.42 3.20 � 1.51 3.07 � 1.39 4 � 1.39 0.07 0.45 0.53 0.10 0.81 0.04 0.01

Topographic

Cylinder (D)

�0.09 � 2.52 0.99 � 2.37 0.84 � 1.62 1.06 � 1.95 0.18 0.06 0.12 0.07 0.58 0.90 0.54

K1 (D) �2.54 � 1.76 �2.60 � 2.06 �3.07 � 1.44 �3.29 � 1.80 0.52 0.65 0.49 0.38 0.30 0.16 0.96

K2 (D) �2.46 � 2.12 �3.60 � 2.10 �3.91 � 1.98 �4.35 � 1.67 0.004 0.06 0.009 0.001 0.37 0.10 0.29

K-average (D) �2.50 � 1.49 �3.10 � 1.71 �3.49 � 1.53 �3.82 � 1.43 0.006 0.19 0.01 0.001 0.17 0.07 0.53

K-max (D) �3.05 � 2.99 �3.90 � 1.71 �5.01 � 4.06 �5.25 � 2.11 0.0008 0.03 0.009 0.0004 0.69 0.008 0.10

Pachymetry (µm) 0.85 � 18.89 �6.54 � 14.5 7.56 � 11.87 �2.11 � 10.8 0.004 0.10 0.15 0.15 0.001 0.52 0.003

Q-anterior 0.47 � 0.28 0.43 � 0.48 0.38 � 0.45 0.71 � 0.27 0.01 0.32 0.82 0.003 0.80 0.01 0.01

CDVA = corrected distance visual acuity, D = dioptre, K1, K2, K-average and K-max = keratometric readings, logMAR = logarithm of the

minimum angle of resolution, Q-anterior = asphericity of the anterior corneal surface, SD = standard deviation, SE = spherical equivalent,

UDVA = uncorrected distance visual acuity.

P1 compared A-Gr1 & A-Gr2, P2 compared A-Gr1 & B-Gr1, P3 compared A-Gr1 & B-Gr2, P4 compared A-Gr2 & B-Gr1, P5 compared A-Gr2 & B-

Gr2 and P6 compared B-Gr1 & B-Gr2. p values were calculated using either Student’s t-test to compare between 2 subgroups or ANOVA test with

Bonferroni post hoc test to compare between 3 subgroups or more for normally distributed data while we used Mann–Whitney test to compare two

subgroups and Kruskal–Wallis test to compare between 3 subgroups or more for non-normally distrusted data.

Table 7. Comparative analysis of the visual, refractive and topographic postoperative differences between A and B subgroups based on keratoconus

grading.

Postoperative

Differences

(Post 6ms-Preop)

A-Gr1

N = 25 eyes

(Mean � SD)

A-Gr2

N = 27 eyes

(Mean � SD)

B-Gr1

N = 26 eyes

(Mean � SD)

B-Gr2

N = 26 eyes

(Mean � SD) P all P1 P2 P3 P4 P5 P6

UDVA (logMAR) �0.26 � 0.21 �0.61 � 0.26 �0.40 � 0.18 �0.77 � 0.29 0.0001 0.0001 0.01 0.0001 0.002 0.04 0.0001

CDVA (logMAR) �0.29 � 0.11 �0.44 � 0.26 �0.29 � 0.39 �0.47 � 0.15 0.002 0.02 0.11 0.0001 0.16 0.74 0.02

Sphere (logMAR) 2.01 � 0.66 3.14 � 1.40 2.40 � 0.76 3.87 � 0.90 0.0001 0.004 0.052 0.0001 0.06 0.04 0.0001

Refractive Cylinder

(D)

0.99 � 1.05 1.81 � 1.78 0.36 � 1.14 1.22 � 1.71 0.008 0.03 0.10 0.60 0.001 0.17 0.07

SE (D) 2.51 � 0.86 4.01 � 1.53 2.58 � 0.99 4.51 � 1.18 0.0001 0.0004 0.43 0.0001 0.001 0.33 0.0001

Topographic

Cylinder (D)

0.87 � 1.97 0.06 � 2.87 0.57 � 1.41 1.34 � 2.06 0.24 0.42 0.64 0.37 0.50 0.08 0.07

K1 (D) �2.21 � 1.99 �2.91 � 1.78 �2.93 � 1.52 �3.44 � 1.71 0.25 0.25 0.22 0.051 0.96 0.34 0.41

K2 (D) �3.08 � 1.82 �2.98 � 2.48 �3.49 � 1.86 �4.78 � 1.57 0.002 0.91 0.30 0.001 0.31 0.002 0.01

K-average (D) �2.64 � 1.63 �2.94 � 1.61 �3.21 � 1.54 �4.11 � 1.28 0.002 0.43 0.12 0.004 0.35 0.003 0.03

K-max (D) �2.78 � 1.93 �4.12 � 2.73 �5.12 � 4.15 �5.14 � 1.83 0.001 0.03 0.004 0.0002 0.40 0.05 0.44

Pachymetry (µm) 1.0 � 17.4 �6.41 � 16.3 5.23 � 11.5 �0.15 � 12.6 0.11 0.29 0.31 0.78 0.01 0.64 0.053

Q-anterior 0.37 � 0.36 0.54 � 0.41 0.40 � 0.47 0.70 � 0.24 0.003 0.17 0.18 0.0001 0.56 0.11 0.01

CDVA = corrected distance visual acuity, D = dioptre, K1, K2, K-average and K-max = keratometric readings, logMAR = logarithm of the

minimum angle of resolution, Q-anterior = asphericity of the anterior corneal surface, SD = standard deviation, SE = spherical equivalent,

UDVA = uncorrected distance visual acuity.

P1 compared A-Gr1 & A-Gr2, P2 compared A-Gr1 & B-Gr1, P3 compared A-Gr1 & B-Gr2, P4 compared A-Gr2 & B-Gr1, P5 compared A-Gr2 & B-

Gr2 and P6 compared B-Gr1 & B-Gr2. p Values were calculated using either Student’s t-test to compare between 2 subgroups or ANOVA test with

Bonferroni post hoc test to compare between 3 subgroups or more for normally distributed data while we used Mann–Whitney test to compare two

subgroups and Kruskal–Wallis test to compare between 3 subgroups or more for non-normally distrusted data.
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may have resulted from the improve-
ment in Q-anterior values. Further,
Ferrara & Torquetti (2010) concluded
that nomograms may be improved by
aiming for a Q-anterior value of �0.23.
In 2015, Seleet et al. reported on a case
series of 10 keratoconic eyes with type
1 or 2 cone asymmetry, which were
treated with implantation of a single
Keraring segment with an arc-length of
160°. They documented SE improve-
ments in eight eyes, while two eyes
exhibited deterioration in myopic and
SE components, despite improvements
in astigmatic components. The main
differences between their study and
ours were that we used a segment with
a longer arc-length (210°), and we
recorded no deterioration in any of
the refractive components.

Lisa et al. (2017) implanted a single,
210°-arc-length Ferrara segment (AJL
Ophthalmic) each in 43 eyes with a Q-
anterior value ≥�1.00, which exhibited

central hyper-prolate keratoconus.
Similar to our study, they revealed
statistically significant postoperative
improvements in UDVA, CDVA, SE
and Q-anterior values, which remained
stable over a 3-year follow-up period.
The main difference in our study was
the comparison between the QN and
the SN. Additionally, we operated
upon eyes with type 1 and 2 cone
asymmetry using a Keraring segment,
while they operated upon eyes with
central type 3 cones using a Ferrara
ring segment. Moreover, they only
included eyes with Q-anterior values
≥-1.00; however, their study had a
longer follow-up period than ours did.

Recently, Rocha et al. (2019) com-
pared the Keraring and Ferrara ring
nomograms, and concluded that the
Keraring nomogram yielded better
improvements in the topographic cylin-
der. However, our QN performed better
in reducing the topographic cylinder than

the SN, although the postoperative dif-
ferences between both nomograms were
not statistically significant (p = 0.29).

Prisant et al. (2020) evaluated the
use of asymmetric Keraring segments
to treat 104 keratoconic eyes, implant-
ing one segment with a 160° arc-length
in all cases, with another asymmetric
segment with arc-length/thickness
parameters of either 150°/250 lm or
200°/300 lm. They reported mean
postoperative improvements of 0.36
logMAR UDVA, 1.94 D SE and
3.3 K-max, which are similar to the
corresponding outcomes in our study
when using the SN, and lower than
those when using the QN. In the same
year, Fariselli et al. compared the use
of an artificial neural network (ANN)
to the use of the SN for Keraring
implantation in 20 keratoconic eyes,
each. They concluded that ANN
yielded greater postoperative improve-
ments in CDVA than did the SN.

Fig. 2. Analysis of UDVA and K-max postoperative differences among A and B subgroups with regard to grades 1 and 2 keratoconus and levels 1

and 2 Q-values at postoperative month 6; A and B: UDVA postoperative differences among the two sets of subgroups were statistically significant in

favour of B subgroups; C and D: K-max postoperative differences among the two sets of subgroups were statistically significant in favour of B

subgroups.
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Out of 104 eyes receiving Keraring
implantation in the current study, only
one (0.96%) exhibited a postoperative
complication, in the form of segment
extrusion, which required surgical
removal. Mounir et al. (2020) reported
a 2.1% Keraring-extrusion rate in a
study of 333 eyes implanted with Ker-
aring segments using a femtosecond
laser. The explanations they provided
included segment migration, corneal
melting and associated VKC. Similarly,
Saleem et al. (2018) documented extru-
sion of a Keraring segment in only 1 of
43 eyes (2.3%) during a 3-year follow-
up period. In a previous study, we
(Iqbal et al. 2019c) reported a higher
Keraring-extrusion rate of 4.8% (3/63
eyes) in paediatric eyes, which was
accompanied by severe postoperative
VKC and vigorous eye rubbing.
Kapit�anov�a and Nikel (2018) reported
a very high rate of Keraring-extrusion
(9/48 eyes, 18.75%) in all study partic-
ipants and (2/15 eyes, 13.3%) in grade
2 keratoconus. They finally reiterated
the importance of careful patient selec-
tion for ring implantation.

In the current study, 4.8% of eyes
exhibited no postoperative visual
improvements: four eyes treated
according to the SN and one treated
according to the QN. All of these were
diagnosed with grade 1 keratoconus
and exhibited either no improvement
or slight improvement in refractive and
keratometric values. This suggests that
the QN is more efficacious and suitable
for use with grade-1 keratoconic eyes
than the SN is. Other studies have also
suggested avoiding use of the SN in
low-grade keratoconic eyes, especially
in patients with higher preoperative
UDVA, as it may reduce postoperative
visual acuity; the authors went as far as
to suggest that it might be wise to
consider treatment options other than
ICRS implantation (Alio et al. 2014;
Vega-Estrada & Alio 2016). In a pre-
vious study, we suggested postponing
Keraring implantation in paediatric
patients until adulthood (Iqbal et al.
2019c).

We recorded 37 patients (35.6%) in
this study who used a contact lens (CL)
before shifting to Keraring implanta-
tion due to their intolerance to CL
wear. Despite being cheaper, CL is not
well tolerated by many patients in our
localities due to the nature of their
work, for example construction work-
ers and farmers, especially in our hot

climate. In addition, CL requires good
eye hygiene with daily CL care, which
is not always maintained by all
patients. Nevertheless, we believe that
Keraring implantation is particularly
suitable for those patients who cannot
tolerate contact lenses as ICRS implan-
tation is generally expensive.

We documented keratoconus pro-
gression (K-max >1 D) in the study
eyes before surgical intervention. Since
our main purpose was to compare two
different nomograms for Keraring seg-
ments implantation, we actually had
two choices before the start of the
study. The first choice was to implant
Kerarings as a primary procedure to be
followed sequentially by CXL treat-
ment 6 months later. The advantage of
this choice was to guarantee that CXL
treatment would not interfere with the
outcomes of both nomograms; how-
ever, it could potentially lead to further
keratoconus progression in the study
eyes within the 6-month interval. The
second choice was to combine CXL
treatment with Keraring segment
implantation, which was mostly guar-
anteed to halt keratoconus progression
during the 6-month interval. We finally
went ahead with the second choice;
however, there was no consensus
regarding the type of the CXL treat-
ment we should use in this study. In
short, we believed that epithelium-off
CXL treatments would halt kerato-
conus progression but were aware of
epithelial healing difficulties, especially
with combined segment implantation,
which were very likely to influence the
nomogram outcomes in our short-term
6-month study period. Furthermore,
successful epithelium-off CXL treat-
ments might be associated with unpre-
dictable and unavoidable visual and/or
refractive improvements that would
definitely interfere with nomogram
results. To avoid these obstacles, we
chose TCXL to be combined with the
Keraring segment implantations.
Although we believe that standard
CXL is more efficient and more advan-
tageous and has longer stability than
both ACXL and TCXL, we preferred
to perform TCXL in our this study to
avoid the potential hazards of the
associated postoperative haze and/or
delayed epithelial healing sequelae.
Such complications may provide incor-
rect or misleading short-term visual
and/or refractive outcomes in terms of
one or both of the two nomograms,

thus masking the actual results of these
nomograms that we mainly aimed to
compare. Eventually, we observed no
postoperative haze or keratoconus pro-
gression cases within the follow-up
period.

We discussed the different treatment
options, including CXL treatment
types and combination treatment
modalities, with our patients who
finally accepted our plan of treatment
and were aware of the potential com-
plications of the treatment procedures.
Furthermore, all our patients were
instructed to continue their regular
follow-up visits scheduled on a six
monthly basis after the end of this
study. In addition, they were also
aware that if keratoconus progression
is documented at any future follow-up
visit, they would be subjected to an
epithelium-off CXL retreatment.

A couple of important questions
remains. Does the ring segment
implantation itself have a stabilizing
or a cross-linking-like effect on kerato-
conus? In addition, can the ring seg-
ment implantation halt keratoconus
progression? The answers to both of
these are still being debated. Flecha-
Lesc�un et al. (2018) used computa-
tional simulation to predict the effect of
ICRS implantation on keratoconus
and reported that the stromal depth
of the implantation was the most
important factor in determining the
segments’ stabilizing effects on corneal
optics. They concluded that, in theory,
implantation in the anterior stroma
could promote keratoconus progres-
sion, as it adds more stress on the
posterior corneal surface, while
implanting the segments in the poste-
rior stroma could help in halting ker-
atoconus progression due to relaxation
of the posterior corneal surface (Fle-
cha-Lesc�un et al. 2018). A couple of
long-term studies reported the effec-
tiveness of ICRS in stabilizing postop-
erative visual, refractive and/or
topographic improvements upon ICRS
implantation for treatment of the
stable form of keratoconus (Vega-
Estrada et al. 2013; Kang et al. 2019).
Furthermore, the results of other stud-
ies revealed the inability of ICRS
implantation to halt the progression
of actively progressive keratoconus; the
authors of those studies recommended
the postponement of ICRS implanta-
tion in young or paediatric patients
until the keratoconus becomes stable

e509

Acta Ophthalmologica 2021



(Vega-Estrada et al. 2015; Saleem et al.
2018; Iqbal et al. 2019c). Therefore, we
added TCXL treatment to ICRS
implantation in our patients. Although
there are no conclusive answers to the
above-mentioned questions, we believe
that ICRS and CXL have different
mechanisms of action. Whereas CXL
treats the actual pathological aetiology
of stromal weakness and thinning asso-
ciated with keratoconus progression,
we believe that ICRS action is mainly
mechanical. However, a couple of
studies demonstrated that ICRSs
induce corneal remodelling via lipid
deposition in the extracellular matrix,
fibroblast migration and keratocyte
apoptosis during the wound-healing
response (Ly et al. 2006; Samimi et al.
2007). Nevertheless, we also believe
that ICRSs can be either supportive
or traumatizing, depending on segment
thickness and arc-length; implantation
site and depth; stability of the kerato-
conus; and combination with CXL
treatment. Therefore, we performed
this study to construct a better nomo-
gram to enhance the supportive effect
of ICRS implantation, bases on the
above-mentioned factors. In short, we
believe that ICRS can help slow kera-
toconus progression if implanted
appropriately, although keratoconus
progression cannot be completely
halted in this way. However, if
implanted inappropriately, it may
mask the actual postoperative kerato-
conus progression, especially when not
combined with CXL treatment, result-
ing in apparent early postoperative
improvements, due to corneal flatten-
ing, which will be lost over the long
term. In the case of the latter, the
stromal tissues will become progres-
sively thinner and weaker, thus flatten-
ing until a breaking point is reached.
Thereafter, the condition will deterio-
rate until the keratoconus progression
becomes detectable in the corneal
topography; however, the early oppor-
tunity to prevent this progression will
have been missed.

We think that, despite its simplicity,
the Amsler-Krumeich classification has
some deficits. It does not sharply dif-
ferentiate numerically (e.g. mean K
reading value and pachymetry)
between the normal corneas and grade
1 keratoconus. However, the differen-
tiation between both conditions is
multifactorial clinically and in terms
of corneal topography. In the context

of corneal topography, grade 1 Amsler-
Krumeich shows eccentric corneal
steepening, increased posterior surface
keratometry, high posterior elevation,
irregular astigmatism and asymmetry.
Such topographic signs are not present
in normal corneas. In addition, corneal
examination on the slit-lamp is helpful
in the diagnosis of early keratoconus as
it detects stromal thinning and/or pos-
terior stress lines (Vogt’s striae) which
suggest that the curvature of the pos-
terior corneal surface is affected. In
fact, we think that the recent Belin’s
ABCD grading system (Belin & Dun-
can 2016) is more advanced than the
older Amsler-Krumeich grading as it
has the advantages of distinguishing
early keratoconus from normal non-
ectatic corneas and also incorporating
the posterior corneal surface examina-
tion. Unfortunately, the Belin’s ABCD
grading system was not available with
our topographer devices that we had
used for corneal topography in our
study.

The main limitations of our study
were the small sample size (104 eyes),
the short follow-up period (6 months)
and the exclusion of eyes with grade 3
or 4 keratoconus. Another limitation
was our use of an older version of the
SN (2009) for comparison to our QN,
as the newer version (2018) was pub-
lished after commencement of our
study. Therefore, we recommend that
future studies should compare this new
version of the SN to the QN.

In conclusion, we believe that no
ICRS nomogram will be perfect for the
treatment of all keratoconic eyes; how-
ever, clinical experience should be gar-
nered to fine-tune existing nomograms
and develop new ones to improve
postoperative outcomes. The QN we
developed exhibited satisfactory effi-
cacy and is simple to use, which means
that it should be less time-consuming in
clinical practice than the SN and have
lower cost of surgery. Furthermore, the
QN yielded superior outcomes to the
SN in eyes with low-grade keratoconus
and was more efficacious than the SN
in eyes with a Q-anterior value ≤�1.00,
that is with increased Q-value negativ-
ity. This may be attributed to the
reliance of our QN on objective mea-
surements, while the SN relies on
subjective clinical parameters, such as
CDVA and subjective refraction, which
may vary between clinicians. Future
randomized studies of larger sample

size are recommended to evaluate our
QN against the 2018 version of the SN,
as well as against other nomograms.
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