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Changes in Keratoconus After Ferrara Ring Implantation/Hamdi

TABLE 1
Nomogram for Choosing Ferrara Intracorneal Ring Segments

Centration of the Cone

Simulated Keratometry Type | Type Il Type I Type IV
K1 & K2 <50.00 D 0/150 0/150 150/150 150:150
K1 >50.00 D & K2 <50.00 D 0/200 0/200 150/200 200200
K1 & K2 >50.00 D 150/250 150/250 200/250 250250

Note. Numbers represent the thickness of segments in microns.

parison to normal eyes. The effect of Ferrara ICRS
implantation was also analyzed.

PATIENTS AND METHODS

This was a prospective, controlled, comparative
study, in which 37 eyes of 26 patients reporting de-
creased vision and having a topographic diagnosis of
keratoconus were enrolled. The control group com-
prised 38 eyes of 19 patients who had normal cor-
neas that were eligible for LASIK. All patients signed
a written consent in accordance to the tenets of the
Declaration of Helsinki. No institutional review board
approval was required for this study.

PATIENT SELECTION
Preoperatively, patients were excluded if they had
pathology in addition to keratoconus. Postoperatively,
patients were excluded if any adverse events occurred
during the procedure or follow-up. Only patients with
good centration and depth implantation were included.
Accordingly, two patients were excluded from the
study due to a presumed sterile postoperative inflam-
mation (which resolved with topical corticosteroids),
and one patient was excluded due to improper centra-
tion. These three patients were not further analyzed.
The control group was considered to have no ocular
findings other than the refractive error to be corrected.
The number and thickness of Ferrara ICRS were
chosen according to the surgeon’s personal nomogram
(Table 1). This nomogram was developed using the
simulated keratometry (sim K) values in relation to the
type of cone centration. Keratometric values were used
rather than refraction. Type of cone centration depends
on the distribution of cone position on the axial topog-
raphy map in respect to the steep meridian.
* Typel: 100% of the cone lies below the steep merid-
ian (peripheral cone).
* Type II: 25% of the cone lies above and 75% lies
below the steep meridian.
* Type III: 33.5% of the cone lies above and 66.5%
lies below the steep meridian.

* Type IV: 50% of the cone lies above and 50% lies
below the steep meridian (central cone).

SURGERY AND EVALUATION

Segments were implanted using the manual dissec-
tion technique.'?

All eyes were examined with the OPD-Scan I before
and at least 1 month after Ferrara ICRS implantation.
Data were exported to the OPD-Station software and
analyzed. For all eyes, age, gender. and left right eye
were noted. The interval between surgerv and postop-
erative examination was also noted. in addition to the
type of cone and the segments used.

ANALYSIS OF CORNEAL SURFACE

Simulated K values were extracted from the axial
map as the steep meridian (sim K1) and flat meridian
(sim K2). The difference between both is the topo-
graphic cylinder value (sim Kcyl). The average kerato-
metric reading was presented as avg K (extracted from
topo-classifier included in the OPD-Station.

The central 3-mm K-readings of the cormea were
extracted from the instantaneous map to evaluate the
changes of the central part of the cornea induced by the
Ferrara ICRS. They were represented as 3-mm K1. 3-mm
K2, and 3-mm Kcyl, similar to the sim K values (Fig 1).
ANALYSIS OF VISUAL FUNCTION

The OPD map is the spatially resolved refractive
state of the eye over the entrance pupil. as displaved
by a color-coded map, which is calibrated in diopters,
as indicated on adjacent graded color scale. It roughly
corresponds to the manifest refraction of the examined
eye. Total OPD was measured including the cyvlinder
and its axis. To assess the homogeneity of the refrac-
tion over the measured area, OPD values at 3 and 5 mm
were recorded and all OPD values were compared
(Fig 2).

Root-mean-square (RMS) of the OPD map was re-
corded in diopters as a global indicator for the image
quality. It was measured for the central 3 and 5 mm

Copyright € SLACK i~cz-porated




Changes in Keratoconus After Ferrara Ring Implantation/Hamdi
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separately to simulate photopic and mesopic condi-
tions (see Fig 2).

Zernike coefficients represent a detailed analysis of
the aberrations produced by the optical system. The
vertical set of coefficients as measured by the machine
was recorded—total aberrations, tilt (represents the
prismatic effect), higher order aberrations, total coma,
total trefoil, total tetrafoil, total spherical aberration,
and higher order astigmatism.

The point spread function (PSF) is represented by the
Strehl ratio (Fig 3). The modulation transfer function
(MTF) is constructed as two- or three-dimensional dia-
grams. It can also be represented by a graph. For statisti-
cal analysis, the A/D ratio extracted from the graph was
recorded. The A/D ratio is the ratio between two areas on
that graph. Area A is the area enclosed by the Ave curve
(of the patient eye), horizontal and vertical axes. Area D
is enclosed between the D curve (diffraction limit), hori-
zontal and vertical axes (Fig 4). The PSF and MTF were
subdivided into total and higher order values.

Aberrometry data could be evaluated as either
OPD (total eye system) or separated into corneal
(anterior corneal surface) and internal (the entire
optical system behind the anterior corneal surface,
mainly the lenticular component). The Zernike co-

Figure 1. Instantaneous topography maps
demonstrating the central 3-mm keratometry
values. Preoperative (left) showing a periph-
eral cone (type |). Postoperative (right) after
implantation of one Ferrara intracoreal ring
segment of 150 um (incision at 60°), showing
three zones: mild central steepness (residual
cone), peripheral hot ring (the segments), and
flat intermediate zone.

Figure 2. Preoperative (left) and postop-
erative (right) OPD maps (same patient as
in Figure 1). Note the hyperopic shift and
marked improvement in the central part.

SmmZone:
S: 475
C: 100
A:189
RMS: 299D

efficients, Strehl ratio of PSF, and A/D ratio of the
MTF were taken for the cornea only to exclude the
effect of internal optics.

For each examination, photopic and mesopic pupil
diameters were measured in millimeters.

Means of the previous data were calculated, com-
pared, and correlated to each other when appropri-
ate. Preoperative data were compared to the control
group to assess the difference between “normal” and
keratoconic corneas. Preoperative data were compared
to postoperative values to assess the change induced
by the Ferrara ICRS. Postoperative values were com-
pared to the control group to determine whether these
recovered normal parameters.

STATISTICAL ANALYSIS

Statistical analysis was done using SPSS software
V.10 (SPSS Inc, Chicago, Illinois). Descriptive statistics
were expressed in terms of mean=standard deviation
(range).

Analytical statistics were expressed using the
paired t test to compare pre- and postoperative data.
The unpaired t test was used to compare preoperative
data and control and postoperative data and control.
Correlation matrix and coefficient of correlation with

Journal of Refractive Surgery ¢ Vol. 26, No. 11, 2010




Changes in Keratoconus After Ferrara Ring Implantation/Hamdi
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Pearson’s method (r?) was used to correlate two vari-

ables in the same group. Chi-square test was used for
qualitative data.

CORNEAL SURFACE ANALYSIS

Except for the flat meridian at 3 mm (3-ms
was a highly significant statistical difference between
normal and keratoconic corneas (P< 01 Paostopera-
tively, all parameters improved except for the cvlinder
value at 3 mm (3-mm Kcyl) (P>.05). However. only the
RESULTS flat sim K value (sim K2) improved to 2 normal value
Both groups were matched in age, gender, and eye  (P>.05) (Table 3).

distribution (Table 2). Photopic and mesopic pupil
diameters were also matched (Table 2). The mean in-
terval between the procedure and postoperative exami-
nation was 2.96*2.33 months (range: 1 to 9 months).
Figures 1-4 present the topography, OPD maps, PSF, and g t I

MTF of one representative eye. Distribution according value of the total OPD and OPD at 3 mm ' ?< .05). No
to type of cone centration and number and thickness of statistical difference was found in spherical value of
Ferrara ICRS used are shown in Figures 5 and 6, respec-  OPD at 5 mm (P>.05). A highly significant difference
tively. Comparison was first made between keratoconic ~ was found at the cylindrical value of all three OPD
and non-keratoconic eyes to assess the deviation from  measurements (P<.01) (Table 4).

normal. Values postoperatively were then compared Postoperatively, spherical and cvlindri
to preoperative data to evaluate the change induced by

the segment(s) implantation. Postoperative values were

ical values
improved (P<.01), except for cylinder m

compared to non-keratoconic eyes to determine whether

complete recovery occurred (Tables 3-6).

A Pvalue <.05 was significant and a value <.01 was
highly significant.

VISUAL FUNCTION ANALYSIS

OPD Measurements. A statistically significant dif-
ference was noted between the keratoconic before
surgery and the control group rega spherical

\ er measured
at 5 mm. However, these values did not recover to

“normal” (control) values (P<.01) (Table £
Another analysis was done for the OPD

values to

Copyright ©
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Changes in Keratoconus After Ferrara Ring Implantation/Hamdi

TABLE 2
Demeographic Data for Eyes With Keratoconus and Normal Control Eyes

Demographic Keratoconic Eyes Normal Eyes P Value
Age (y)* 25.35+6.42 (12 to 44) 26.74+4.08 (19 to 36) >.05
Gender (M/F, %) 20 (54.1)/17 (45.9) 20 (45.9)/18 (47.4) >.05
Eye (OD/OS, %) 17 (45.9)/20 (54.1) 19 (50)/19 (50) =.05
Photopic pupil (mm)* 4.37+0.98 (2.69 to 6.53) 4.34+0.85 (2.82 t0 6.01) >.05
Mesopic pupil (mm)* 6.26+4 15 (3:75 10 8:93) 6.33+0.79 (4.7 to 8.04) >.05
0D = right eye, OS = left eye
*Values represented as mean +standard deviation (range).
0/15
I s e 1515
5% 81% <
Xy
28
1 |
L 2.7% 1
4 .. 7
9,
4 [ w 3 10 o e 54%
10.8% 0/20 A~
1 4 27 0% - 5 20/25
: . ™ 5.4%
5 ; 15125
Yoy o
A I 20/20 e
10.8% 13.5%

Figure 5. Distribution of eyes according to cone centration (in respect
to the steep meridian: | being totally peripheral cones and IV being the
most central cones).

assess the homogeneity of the refraction over the mea-
sured area.

In keratoconic eyes (preoperative), the spherical value
of the total OPD corresponded to the central 3 mm
(P>.05). However, the values did not compare to the
value of OPD at 5 mm (P<.01). On the contrary, the
cylindrical value of OPD measurements did not cor-
respond (P<.01). Only the mean of the axes was nearly
the same (P>.05) (Fig 7).

Postoperatively, no statistical difference was noted
between all OPD values in the same eye,ie, sphere, cyl-
inder, and mean of axes (P>.05). A highly significant
statistical difference was present between the sphere of
total OPD and sphere of OPD at 3 mm (P<.01) (Fig 7).

In the control group, a highly significant difference
was noted between spherical values (P<.01), but no
difference was found concerning the cylinder and
mean of the axes (P>.05) (see Fig 7).

Optical Path Difference RMS Values. A highly signifi-
cant statistical difference was found between the kerato-
conic eyes and control group at 3 and 5 mm (P<.01). No

Figure 6. Distribution of eyes according to number and thickness of
segment(s) implanted. Numbers present thickness of segments in frac-
tion of millimeters (ie, 0.15, 0.20, and 0.25).

difference was found before and after surgery (P>.05). In
the keratoconic eyes (before and after surgery) and con-
trol group, a highly significant difference was noted be-
tween RMS measured at 3 and 5 mm (P<.01) (Table 4).

Zernike Coefficients. A highly significant statistical
difference was found between keratoconic eyes and
the control group in all coefficients (P<.01). For the
higher order aberrations, the coefficient with the high-
est amplitude was coma, followed by trefoil, tetrafoil,
higher order astigmatism, and spherical aberration.
Postoperatively, a statistically insignificant increase
in amplitude occurred in all coefficients, maintain-
ing the same order (P>.05). Total aberrations and
tilt improved statistically significantly (P<.01). This
improvement did not recover to “normal” (control)
values (P>.05) (Table 5).

Point Spread Function and Modulation Transfer
Function. A highly significant statistical difference
was found between keratoconic and “normal” (control)
corneas (P<.01) concerning the PSF and MTF values,
both for total and higher order aberrations. There was

Journal of Refractive Surgery * Vol. 26, No. 11, 2010




Changes in Keratoconus After Ferrara Ring Implantation/Hamdi

TABLE 3

Topographic Data of Keratoconic Eyes Before and After Implantation of Ferrara
Intracorneal Ring Segments and Normal Control Eyes

Mean=Standard Deviation (Range)

Topographic Data Preoperative

Control Group

Postoperative

Sim K1 52.95::5.95% (12 to 44)
Sim. K2 46.8+3.16* (43.44 to 67.65)
Sim Keyl 6.14+3.10* (1.67 to 16.89)
Avg K 50.17+3.64* (42.87 to 58.00)
3-mm K1 45.82+2.70* (40.81 to 52.98)
3-mm K2 41.61+4.44* (20.32 to 49.13)
3-mm Keyl - 3.67%£2.727 (0.85 to 13.21)

44.03+1.62* (41.11 to 46.49)
42.96+1.34* (40.13 to 44.82)
1.07+0.63* (0.28 to 2.41)
43,49+ 1.44* (40.64 to 45.59)
43.77+1.47* (40.86 to 46.42)
42.55+1.35¢ (39.61 to 44.7)
1.23+0.70* (0.16 to 3.41)

46.29+3.04* (40.27 to 53.15)
43.46+2.91% (38.18 to 50.00)
2.84+1.77~ (0.13 to 6.66)
46.41+3.10* (41.07 to 53.65)
41.15+5.47* (22.80 to 54.79)
36.71+5.47~ (18.68 to 47.27)
4.42+2.09* (0.78 to0 8.59)

Sim K = simulated keratometry
*Highly significant (P<..01).
tNot significant (P>.05).

to determine whether these recovered normal parameters,

Note. Preoperative data were compared to the control group to assess the difference between “normal” and keratoconic comeas. Preoperative cata were com-
pared to postoperative values to assess the change induced by the Ferrara intracormneal ring segments. Postoperative values were compared tc the cortrol group

TABLE 4

Optical Path Difference Data of Keratoconic Eyes Before and After Implantation of
Ferrara Intracorneal Ring Segments and Normal Control Eyes

Mean=Standard Deviation (Range)

OPD Data Preoperative

Control Group

Postoperative

—5.43%3.43* (—-12.75 10 4.00)
—6.33+£3.30* (—16.00 to —1.00)
102.97+60.43% (9 to 176)
—5.29+3.11* (-11.00 to 2.75)
—5.39+2.82* (-13.25 to —0.75)
101.67+61.591 (7 to 176)
—3.97+2.52* (-8.00 t0 2.25)
—3.95%2.32F (- 12.25 to ~0.50)
96.38+71.67% (1 to 179)
RMS 3-mm (D) 2.34+1.16% (0.36 t0 4.53)
RMS 5-mm (D) 3.38*1.71% (0.29 to 7.42)

OPD sphere (D)

OPD cylinder (D)

OPD axis ()

OPD 3-mm sphere (D)
OPD 3-mm cylinder {D)
OPD 3-mm axis (°)
OPD 5-mm sphere (D)
OPD 5-mm cylinder (D)
OPD 5-mm axis (°)

—3.54+3.131 (—12.25 t0 3.75)
—0.94+0.62* (—-2.50 to 0)
100.5+66.69% (1 to 180)
—3.44+3.15% (-12.25 t0 3.75)
—0.80x0.80* (~2.75 to 0)
93.52+67.96% (3 to 179)
—3.20%2.78% (—10.50 to 3.50)
—0.81x0.80* (—2.75 t0 0)
85.71+62.64% (7 to 179)
0.25+0.14*(0.10 t0 0.73)
0.33+0.16* (0.09 to 0.89)

=1.27+4.30% 1—10.50 10 7.00)
—3.26x2.45~ +—10.30 10 -0.50)

84.70=57.12% :1 10 180)
0.68+3.37* 1—T.75 10 5.75)
—2.48+2.86* 1—6.25 10 5.75)
76.48=46.69: 14 10 179)
—0.33=3.76* {(-5.00 to 13.25)

—3.79+5.17* (—14.25 to 16.50)

99.45x67.69z 14 to 180)
2.07+1.08* 10.38 10 4.49)
4.16+2.89* (0.79 tv 14.08)

OPD = optical path difference, RMS = root-mean-square
“Highly statistically significant (P<.01).

{Statistically significant (P<..05).

tNot statistically Significant (P>.05).

mine whether these recovered normal parameters.

Note. Preoperative data were compared to the control group to assess the difference between “normal” and keratoconic comneas. Preoperative data were compared
to postoperative values to assess the change induced by the Ferrara intracomeal ring segments. Postoperative values were compared to the controi grouo 1o deter-

no difference in these values between keratoconic eyes
before and after surgery (P>.05). Preoperatively, there
was a highly significant difference between total and
higher order MTF (P<.01). No difference was found
for theses values after surgery (P>.05). In addition, no

difference was found between total and higher order
PSF before or after surgery (P>.05). However. in the
control group, a highly significant statistical difference
was found between total and higher order PSF and
MTF (P<.01) (Table 8).

Copyright € SLACK Incorporated




Changes in Keratoconus After Ferrara Ring Implantation/Hamdi

TABLE 5

Zernike Coefficients in Keratoconic Eyes Before and After Implantation of Ferrara
Intracorneal Ring Segments and Normal Control Eyes

Mean=Standard Deviation (Range)

Aberration

Preoperative

Control Group

Postoperative

Total

Tilt

Higher order
Total coma
Total trefoll
Total tetrafoil
Total spherical

Higher order astigmatism

14.82+4.84* (5.42 to 20)
11.77+-541% (2 28 10 20)
7.536.03t (0.96 to 20)
5.46+4.641 (0.80 to 20)
3.51+4.56t (0.09 to 20)
2.95+5.12¢1 (0.11 ta 20)
2.21+4.08f (0.12 to 20)
2.56+4.8t1 (0.11 to 20)

2.05+0.52f (1.26 to 3.51)
0.92+0.51% (0.05 to 2.34)
0.80x0.31 (0.33 to 1.6)
0.39+0.19t (0.06 to 0.77)
0.48+0.281 (0.06 to 1.16)
0.22+0.14% (0.30 to 0.54)
0.24x0.08t (0.01 to 0.39)
0.21+0.13% (0.20 to 0.53)

12.25+5.571 (4.02 to 20)
8.20+5.38% (1.27 to 20)
8.23x7.42t (1.66 to 20)
6.17+6.691 (0.82 to 20)
5.43+7.31 (0.44 to 20)
4.85+6.97t (0.05 to 20)
4.16+6.597 (0.18 to 20)
4.81+6.93t (0.29 to 20)

*Highly statistically significant (P<.01).
tNot statistically significant (P>.05).
iStatistically significant (P<.05).

Note. Preoperative data were compared to the control group to assess the difference between “normal” and keratoconic corneas. Preoperative data were com-
pared to postoperative values to assess the change induced by the Ferrara intracorneal ring segments. Postoperative values were compared to the control group
to determine whether these recovered normal parameters.
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In keratoconic eyes before surgery, there was a highly
significant positive correlation between the average K
readings and topographic cylinder (P<.01). After the
procedure, this significance was lost (P>.05).

Correlations were performed between different mea-
sured values. A large series of statistically significant
correlations resulted. Only the most relevant correla-
tions are presented.

Journal of Refractive Surgery * Vol. 26, No. 11, 2010




Changes in Keratoconus After Ferrara Ring Implantation/Hamdi

TABLE 6

Point Spread Function and Modulation Transfer Function Data of Keratoconic
Eyes Before and After Implantation of Ferrara Intracorneal Ring Segments and
Normal Control Eyes

Mean=Standard Deviation (Range)

Data Preoperative

Control Group Postoperative

Total PSF (Strehl ratio)

Higher order PSF (Strehl ratio)
Total MTF (A/D)

Higher order MTF (A/D)

0.0022+0.0036* (0 to 0.02)
0.0033+0.0045* (0 to 0.02)

0.07+0.01* (0.0510 0 12)

0.064+0.008* (0.055 to 0.101)

0.01+0.005% (0.003 to 0.026)
0.01+0.009% (0.004 to 0.044)
0.11+0.037 (0.013 to 0.182)
0.14+0.044% (0.022 to 0.229)

0.0031+0.0052* (0 to 0.032)
0.0029+0.005* (0 t0 0.3)
0.068+0.0117 (0.055 to 0.108)
0.068+0.01171 (0.055 to 0.107)

the D curve (diffraction limit)
*Not statistically significant (P>.05).
THighly statistically significant (P<.01).

to determine whether these recovered normal parameters.

PSF = point spread function, MTF = modulation transfer function, A/D = ratio of area enclosed by the Ave curve (of the patient eye) and area enclosed between

Note. Preoperative data were compared to the control group to assess the difference between “normal” and keratoconic comeas. Preoperative data were com-
pared to postoperative values to assess the change induced by the Ferrara intracorneal ring segments. Postoperative values were compared to the control group
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Figure 8. Correlation between tilt aberration and type of cone centra-
tion. Preoperative (red) is highly correlated with peripheral cones (type ).
Significant correlation is lost postoperatively (green).

Preoperatively, there was also a significant positive
correlation between the total Zernike aberrations and
all K values (P<.05). Highly significant correlations
(P<.01) were noted between cylinder value at the cen-
tral 3 mm and each individual Zernike coefficient.
After surgery, all of these correlations became insignif-
icant (P>.05). There was a highly significant positive
correlation (P<.01) between tilt and photopic pupil
RMS at 3 and 5 mm. On the contrary, a highly signifi-
cant negative correlation (P<.01) was found between
tilt and type of cone. After Ferrara ICRS implantation,
the significance in correlation between tilt and type
of cone was lost (P>.05). In addition, the correlation
between photopic pupil RMS at 3 and 5 mm was lost
(P>.05) (Figs 8 and 9).

Highly significant negative correlations (P<.01)
were noted between the type of cone and RMS values
at 3 and 5 mm; however, this significance was lost after
surgery (P>.05).

Postoperatively, in eyes with keratoconus, total
Zernike aberrations positively correlated with average
K reading (P<.01) and topographic cylinder (P<.01),
but not topographic cylinder at the central 3 mm. Of
more importance is the fact that tilt no longer corre-
lated with the photopic pupil.

DISCUSSION

Decreased vision in patients with keratoconus is
caused not only by spherocylindrical refractive errors
(lower order aberrations), but also to a significant extent
by higher order aberrations. This is clearly explained
by the fact that spectacles, in most cases, are unable
to provide full correction. The predominant defect is
in the coma aberration, specifically its vertical compo-
nent,®!" which was shown by different studies using
different instruments in which the same results were
obtained. Ali6 and Shabayek!! used this property to
modify the classic Amsler-Krumeich classification for
keratoconus, making the amount of coma aberration
one of the parameters.

The presence of night visual symptoms after implan-
tation of different types of ICRS questioned the extent
to which they actually correct the condition. Chalita
and Krueger® presented one case before and after im-
plantation of Ferrara ICRS. Their study showed an in-
crease in the amount of total higher order aberration,
coma aberration (with loss of vertical orientation),
spherical aberration, and predominance of the quadra-
foil component. However, the same study showed im-

Copyright © SLACK Incorporated
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Figure 9. Correlation between root-mean-square (RMS) values of the OPD map at 3 and 5 mm (RMS3 and RMS5, respectively) and type of cone
centration (as for Figures 5 and 8) is A) significant preoperatively and B) not significant postoperatively.

provement in convoluted PSF and MTF. After an ex-
tensive Internet search, no other studies were found
that addressed this issue.

On the contrary, many studies reported the correc-
tion of the cone by Ferrara ICRS implantation in terms
of refraction and topographic findings.!* The present
study confirms, by a simple data comparison, the same
findings. In addition, evaluation of topographic data
showed that, after Ferrara ICRS implantation, the cyl-
inder is no longer responsible for the steepness of the
cornea.

Regarding refraction, it also improved as expected.
Aiming for a more detailed result, a comparison between
the total values and zonal refraction at 3 and 5 mm in
each group was performed separately to assess the
homogeneity of the refraction over the pupil. In the
control group, with normal prolate corneas, the sphere
in the total pupil corresponded to that in the central
3 mm with a slight decrease at the 5-mm zone. The
cylinder, however, was the same. In eyes with hyper-
prolate keratoconus, even the cylinder did not match.

After implantation, all spherical and cylinder data
became homogenous, except for the central 3 mm
sphere, which was more hyperopic. This shows that
the effect of flattening of the Ferrara ICRS is more evi-
dent at the central part. An additional finding support-
ing this conclusion is that the central 3-mm cylinder is
no longer responsible for the residual aberrations.

Although refraction (OPD values) improved, RMS
did not. This is explained by the persistence of higher
order aberrations. The same reason explains the main-
tenance of low PSF and MTF values.

In this study, PSF and MTF were evaluated directly
from the system and not via intermediate software.

Previous studies® analyzed PSF and MTF by capturing
wavefront and topography maps separately, and then
processing them with analyzing software. Retrieving
such data from the same capturing device is assumed
to yield more precise results. For more specific results,
values taken were for cornea only and were separated
into total and higher order values for more details.

Centration of the cone was found to be an important
factor. In central cones, there is less prismatic effect
(tilt aberration) and lower RMS values (better quality).
Ferrara ICRS could correct all types equally.

In keratoconus, the changes in the central 3 mm
are responsible for deterioration in vision. The effect
of flattening provided by Ferrara ICRS is great in the
central cornea, but we suspect that changes in the
paracentral area are responsible for the residual night
vision disturbances.
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