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Abstract
· AIM: To investigate the efficacy of Ferrara rings (FR)

implantation in the treatment of keratoconus.

·METHODS: It was a retrospective case series descriptive

study. The sample was comprised of 50 patients 79 eyes
diagnosed with progressive keratoconus. This included 24
(48%) males and 26 (52%) females between the age of 13
and 44 years. All participants underwent surgical implantation
of FR in the period between January 2009 and September
2010 at Jordan University Hospital. Thorough ophthalmologic
examinations were applied to measure vital variables for each
pathological condition before and after surgery.

· RESULTS: Findings indicated an overall significant

postoperative improvement in both uncorrected visual acuity
(UCVA) and best spectacle corrected visual acuity (BSCVA)
throughout follow up visits. Moreover, results illustrated a
significant decrease in spherical equivalent (SE) and
keratometric readings (lower, higher and the average).

·CONCLUSION: Surgical intervention strategies are being

frequently developed to meet the needs of patients with
keratoconus. The implantation of Ferrara rings has proven to
be a safe and feasible alternative procedure for the treatment
of mild-moderate keratoconus especially for patients with
contact lenses intolerance. We have found that this procedure
has improved visual outcomes in all eyes studied.
Nevertheless, further research is needed to investigate long
term outcomes.
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INTRODUCTION

K eratoconus is a bilateral, progressive non-inflammatory
corneal ectasia that tends to affect young age groups in

their late teens [1]. Despite intensive clinical and laboratory
investigations, its precise etiology is unknown [2,3]. In
keratoconus, corneal changes result in a mild to severe
decrease in the best corrected visual acuity (BCVA) as a result
of progressive myopia, regular and irregular astigmatism, in
addition to apical scarring in advanced cases [4].
Although the treatment offered is based mainly on the stage
of the disease and its progression, nevertheless, management
of keratoconus tends to be a complex process. In early stages
of keratoconus, management options included spectacles and
rigid gas-permeable (RGP) contact lenses. Due to advances
in material technology, the variety and quality of techniques
and tools available to ophthalmologists have improved
drastically in recent years. Typically today, advanced stages
require invasive techniques such as intrastromal corneal ring
segments (ICRS), phakic intraocular lenses, corneal collagen
cross linking (CXL), deep anterior lamellar keratoplast and
penetrating keratoplasty [5]. CRS were first introduced to
correct mild-moderate myopia [6,7] and has been investigated
as a surgical option for keratoconus correction to delay or
avoid corneal grafting [8]. ICRSs act by exerting an
"arc-shortening effect" on the corneal lamellae that flattens
the central cornea. This procedure is considered safe and
reversible as no corneal tissue is removed [9]. All the
commercially available ICRS are made of polymethyl-
methacrylate (PMMA). Ferrara rings (Mediphacos, Inc., Belo
Horizonte, Brazil) are characterized by triangular cross-
sections that induce a prismatic effect on the cornea when
the flat posterior surface is inserted facing the corneal
endothelium. The optical zone provided by the segments is
5.0mm in diameter. The objective of this study is to assess
the efficacy of Ferrara rings in the treatment of keratoconus.
SUBJECTS AND METHODS
Subjects This research was undertaken at Jordan University
Hospital. An ethical approval was obtained from the
institutional review board. A total of 50 patients 79 eyes
took part in this retrospective case series descriptive study.
This included 24 males (48% ) and 26 females (52% )
diagnosed with progressive Keratoconus. All patients
underwent surgical implantation of Ferrara rings in the

FR segments implantation for treating keratoconus

586



陨灶贼 允 韵责澡贼澡葬造皂燥造熏 灾燥造援 5熏 晕燥援 5熏 Oct.18, 圆园12 www. IJO. cn
栽藻造押8629原愿圆圆源缘员苑圆 8629-83085628 耘皂葬蚤造押ijopress岳员远猿援糟燥皂

period between January 2009 and September 2010 at Jordan
University Hospital. Ages of participants ranged between 13
and 44 years with a mean age of 25.26 (SD=5.84).
Participants' demographic characteristics were shown in
Table 1.
Patients' inclusion criteria included: progressive keratoconus
determined by keratometric values 逸1D over one year,
severely affected visual acuity and contact lens intolerance
in addition to irregular astigmatism with at least one clinical
sign of keratoconus such as Vogt's striae or thin vertical
streaks located in the posterior corneal stroma. On the other
hand, patients with corneal opacity or corneal dystrophy as
well as patients who failed to attend any of the follow up
visits were excluded from this study. Patients' preoperative
ophthalmologic examinations indicated that uncorrected
visual acuity (UCVA) ranged between 0.05 and 0.60 with a
mean of 0.17 (SD=0.13), best spectacles corrected visual
acuity (BSCVA) ranged between 0.05 and 1.00 with a mean
of 0.48 (SD=0.23), higher keratometric readings (KS)
between 35 and 68 (52.73 依5.73), lower keratometric
readings (KF) between 39 and 65 (48.17依4.87), Spheres
between -14 and 3 (-3.32依3.52), Cylinders between -8 and
0.00(-4.19依1.59), Axis between -3.25 and 180(90.25依57.31)
and Spherical Equivalents (SE) between -15.50 and 1.00
(-3.40依3.42). Patients' postoperative data displayed in table
(3) were utilized for comparisons purposes (Table 2).
Methods FR segments were used based on the nomogram
provided by the manufacturer. Procedures adhered to the
Declaration of Helsinki for research involving human
subjects. All patients provided informed consent before
surgery. Surgeries were performed in the operating room
under sterile conditions by the same surgeon under topical
anesthetic drops (Benoxinate 0.4%) except for 4 cases where
patients requested general anesthesia.
The center of the cornea was determined by asking the
patient to fixate the center of the coaxial microscope bulb
filament and then the center is marked with a methylene
blue marker using a Sinskey hook. Based on preoperative
corneal topography (Pentacam from Oculus) (Figure 1), the
steepest corneal meridian was marked utilizing a special
marker which also marked the exact ring tunnel with an
inner zone of 5.00mm and an outer zone of 7.00mm in
diameter.
With a 1mm wide square blade diamond knife, the initial
incision was made on the marked steepest meridian at 80%
depth of the thinnest corneal thickness of the tunnel. After
pocketing the incision site, one or two concentric stromal
corneal tunnels with an internal radius of curvature of
2.50mm and an extension of 160 degrees were created and
the ring segment or segments were implanted in the tunnel.
No sutures were placed and a soft bandage contact lens was
applied for 48 hours. A combination of Chloramphenicol
and dexamethasone eye drops was used every four hours for
14 days. Patients were instructed to avoid eye rubbing.

Technical specifications for Ferrara rings used in this
procedure were displayed (Table 3).
Statistical Analysis Statistical analysis was performed
using SPSS version 17 [10]. Descriptive statistics were
presented to describe participants and study variables.
Differences between pre and post- operative data were
investigated using one way repeated- measures ANOVA
( ＜0.05). Furthermore, Mauchly's test of sphericity was
carried out to examine whether there was any violation of
the sphericity assumption. The Greenhouse-Geisser correction
was applied to manage this violation. Post hoc tests with a
Bonferroni correction ( ＜0.008) were performed to allocate
differences between visits.
RESULTS
Seventy-nine eyes of 50 patients with Keratoconus who
underwent a surgical procedure to implant Ferrara ring
segments, at Jordan University Hospital, were included in
this study. The sample consisted of 24 males and 26 females.
Prior to the main analysis; a number of checks were carried
out on the data. One way repeated measures ANOVA with a
Greenhous-Geisser correction indicating that UCVA differed
statistically between visits, (2.75,234) =68.27, =0.00 with
an effect size of 0.46. Post hoc tests using a Bonferroni
correction revealed that UCVA increased significantly from
the preoperative visit (0.17依0.13) after one month (visit 1),
three months (visit 2) and six months (visit 3) (0.37依0.18),
(0.41 依0.17) and (0.44 依0.18) respectively with =0.00.
Moreover, a comparison between postoperative data showed
a significant increase in UCVA from (0.37依0.18) in visit 1
to (0.44依0.18) in visit 3, =0.01.
Comparisons of BSCVA revealed statistical differences
between visits, (2.35, 234) =13.08, =0.00 with an effect
size of 0.14. Results illustrate a significant increase in
BSCVA at visit 2 (0.57依0.21) and visit 3 (0.62依0.20) when
compared to the preoperative visit (0.48依0.23) with =0.01
and =00 respectively. In addition, significant increases
were also reported at visit 2 (0.57依0.21), =0.01 and visit 3
(0.62依0.20), =0.00 compared to visit 1 (0.51依0.17).
There was also statistical differences in Ks between visits,
(1.54, 234) =96.55, =0.00 with an effect size of 0.55.
Comparisons between the preoperative visit and visit 1, visit
2 and visit 3 produced a significant decrease (52.73依5.73),

Table 1 Characteristics of the study population 
Variable n (%) 

Demographic factors  
Gender  
Males 24 (48) 
Females 26 (52) 
Age mean ±  SD years 25.26±5.84 
Operative related factors  
Right eye 43 (54.4) 
Left eye 36 (45.6) 
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Figure 1 Abu ameerh. Preoperative corneal topography (pentacam from oculus).

(48.53依5.23), (48.17依4.83) and (48.14依4.99) respectively,
=0.00. Comparisons of lower keratometric readings (Kf)

demonstrate an overall statistical difference between visits,
(2.29,234)=47.38, =0.00 with an effect size of 0.37. Results

confirm a significant decrease between the preoperative visit
(48.17依4.87) and all three follow up visits 1 through visit 3
(45.26依4.79), (45.19依5.12) and (45.63依4.54) respectively
with =0.00.
Results also proved statistical differences between visits in
the keratometric readings average (Km), (1.84,234) =134.59,

=0.00 with an effect size of 0.63. Comparisons denote a
significant decrease between the preoperative visit (50.50依
5.08) and visit 1 (46.88依4.90), visit 2 (46.57依4.76) and visit
3 (46.79依4.74).
Comparisons of Sphere data show statistical differences
between different visits, (1.95, 234) =38.21, =0.00 with
an effect size of 0.32. A significant increase was reported

Table 2 Postoperative data                                                    (n=79) 
One-month follow up Three-month follow up Six-month follow up 

Variable 
Mean (SD) Range Mean (SD) Range Mean (SD) Range 

UCVA 0.37 (0.18) 0.05-0.8 0.41 (0.17) 0.05-0.9 0.44 (0.18) 0.10-1 
BSCVA 0.51 (0.17) 0.1-1 0.57 (0.21) 0.10-1 0.62 (0.20) 0.20-1 
Ks 48.53 (5.23) 35-67 48.17 (4.83) 37-66 48.44 (4.99) 37-67 
Kf 45.26 (4.79) 33-63 45.19 (5.12) 33-65 45.63 (4.54) 36-63 
Km 46.88 (4.90) 34-65 46.57 (4.76) 35-64.5 46.79 (4.74) 35.50-65 
Sphere -1.08 (2.45) -14-5 -0.67 (1.83) -7-4 -0.65 (1.49) -4-5 
Cylinder -3.05 (1.70) -8-0.00 -2.86 (1.42) -6-0.00 -2.87 (1.67) -6.50-1 
Axis 91.39 (52.52) 0.00-180 86.02 (49.24) 0.00-180 89.14 (50.31) -3.75-180 
SE -2.32 (2.75) -14-9.25 -2.16 (1.86) -8-2.63 -2.04 (1.92) -7-5 

SD (standard deviation). 

Table 3 Ferrara rings technical specifications 
Parameter Ferrara rings 

Variable apical diameter 5.0mm-6.0mm 
Cross- section  Triangular 
Segments/each 90, 120, 140, 160 or 210 degrees 
Hole 0.20mm in each end 
Segments thickness 0.15mm-0.35mm 
Base 0.60mm 
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when comparing the preoperative visit (-3.32依3.52) to visit 1
(-1.08依2.45), visit 2 (-0.67依1.83) and visit 3 (-0.65依1.49),

=0.00.
Additionally, Cylinder data display statistical differences
between visits, (2.47, 234) =19.63, =0.00 with an effect
size of 0.20. Results exhibit a significant increase when
comparing the preoperative visit (-4.19依1.59) to visit 1, 2
and 3 (-3.05依1.70), (-2.86依1.42) and (-2.87依1.67) respectively.
Non significant statistical Differences were identified in the
values of Axis between different visits, (2.69, 234) =0.17,

=0.90 with an effect size of 0.002. Results illustrate a non
significant increase between the preoperative visit (90.25依
59.31) and visit 1 (91.39依52.52). However, a non significant
decrease was presented when comparing the preoperative
visit (90.25依59.31) to both visit 2 (86.02依49.24) and visit 3
(89.14依50.31), =1.
Finally, statistical differences were also found in the
Spherical Equivalent(SE), (2.34, 234)=49.20, =0.00 with
an effect size of 0.038. A significant increase was obtained
when comparing the preoperative visit to visit 1, 2 and 3
(-5.40依3.42), (-2.32依2.75), (-2.16依1.86) and (-2.04依1.92)
respectively, =0.00.
DISCUSSION
The core purpose of intra-corneal ring segments (ICRS) is
achieving modifications to the corneal curvature and
subsequently adjusting astigmatism. Research in the
medical field also reported the efficacy of these implants in
reducing refractive errors and corneal steeping in
Keratoconus. These results correspond with the Barraquer
thickness law which states that central cornea flattening is

achieved by adding tissue to the corneal periphery [11]. Main
advantages of this technique are highlighted through the fact
that this procedure is reversible and that there is no need to
remove tissue from the cornea. Furthermore, evidence was
also presented in support of the ring segments' effective
management of sphere and cylinder [12].
Many types of ICRS were developed and investigated in
previous reports for the treatment of keratoconus.
Differences in section profile and diameter of implantation
are essential dissimilarities between these segments. The
Ferrara ring segment, which has a triangular interior surface,
has gained increasing attention over the past few years
because it may have a stronger affect in flattening the central
cornea. This therapeutic influence might be explained in
light of its design which allows a closer position to the
corneal center when compared with Intacs. Nevertheless,
long term outcomes are still being investigated. Moreover,
the need for larger numbers of patients and longer follow up
periods is well recognized throughout previous literature.
This paper aims at contributing to the development of
adequate interventions to meet the needs of keratoconus
patients with contact lens intolerance and improve their
quality of life.
As confirmed by the vast majority of previous studies [13-20],
our findings also indicate a statistically significant increase
in both UCVA and BSCVA throughout follow up visits. A
comparison between pre and post corneal topography
(Pentacam from Oculus) illustrates improvements in
refraction (Figure 1, Figure 2). The maximum increase in
UCVA occurred at visit one (mean raised from 0.17 to 0.37)

Figure 2 (Abu ameerh). postoperative corneal topography (pentacam from oculus).
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whereas, the highest rise in BSCVA came about from visit
two to visit three (mean increased from 0.57 to 0.62).
This can be explained by Ferrara rings' potential to remodel
the corneal profile and consequently reducing corneal
steepening and astigmatism associated with keratoconus. It
is also worth mentioning that spectacle correction cannot
provide an optimized visual quality nor improve corneal
ability adequately in all cases. This enhances the notion that
considers ICRS a corrective alternative solution especially
for patients with contact lens intolerance. Bearing in mind
the essence purpose of delaying or even avoiding corneal
grafting, Ferrara rings tend to preserve corneal asphericity
and facilitate visual rehabilitation rapidly after implantation.
Our study also presents a further investigation into the
amount of astigmatism and myopia indicating a significant
reduction in all eyes. Results also show a decrease in the
spherical equivalent. The maximum reduction in all three
visits occurs in visit one (cylinder reduced from -4.19 to - 3.05,
sphere decreased from -3.32 to -1.08 and spherical
equivalent downgraded from -5.40 to -2.32). Furthermore,
additional reduction was also noted in the subsequent visits.
A possible explanation is presented by Dr. Siganos [14] who
suggests that ring segments have a "prismatic design" which
reduces glare and reflects light internally rather than
bouncing it to the side. Additionally, K values (Ks, Kf, Km)
demonstrate a significant decrease throughout visits. This
decrease is salient at visit one while it is gradual and more
fluctuating between postoperative visits (. This supports the
idea that ICRS early postoperative outcomes reveal the most
benefits for patients' visual rehabilitation. A further support
of these findings is derived from prior research which
presents similar results [12,15,20-22].Although rare; several post-
surgical complications have been reported previously.
Among those are asymmetric placement, inadequate depth
of channel, migration, segment decentration, infectious
keratitis, and extrusion, none were noticed as a consequence
of our surgical procedure.
In conclusion, FICRS implantation may be a reasonable
procedure in correcting myopia and astigmatism in patients
with keratoconus. This method may delay or even avoid the
need for more invasive surgical procedure. However, further
clinical studies with more patients and longer follow ups are
still needed to evaluate long term stability of these results.
The implantation of Ferrara ring segments was proven to be
a safe and adjustable procedure which reduces corneal
steeping and improves visual outcomes in eyes with
keratoconus. Spreading awareness among patients
postoperatively, along with early detection and intervention,
played a vital role in prevention against complications.
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