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Purpose: The examination of the e®ects of second generation lotra¯lcon B silicone hydrogel
(SiH) lenses on the cornea when worn for three years of daily wear. Material and Methods: 55
healthy patients were divided into two groups: current hydrogel contact lens wearers re¯tted with
lotra¯lcon B lenses (Group 1; 28 patients) and neophyte contact lens wearers (Group 2; 27
patients). Each patient's subjective eye comfort was measured with a self-administered ques-
tionnaire. The corneas were analyzed using contact specular microscope to measure corneal
thickness and the endothelium before the SiH lenses were ¯tted after four weeks, one month, six
months, one year, two years, and three years of lens wear. Results: Subjective complaints of
patients in Group 1 were reduced; however patients in Group 2 experienced discomfort during the
¯rst two to four weeks of use. In Group 1, objective examinations identi¯ed a decrease in en-
dothelial cell density. In Group 2, the endothelial cell density increased slightly in the ¯rst two
years but decreased after three years. The results indicate that lotra¯lcon B slows down
the deleterious e®ects of contact lenses. The coe±cient of variation signi¯cantly decreased after
six months in Group 1 (0.47 vs 0.44; p ¼ 0:049), whereas, in Group 2, the hexagonal cells
improved signi¯cantly after one month (27.78 vs 28.25; p ¼ 0:025). Conclusion: Based on the
subjects involved and the period of time under examination, it can be concluded that high-Dk SiH
lenses support the physiological metabolism and functions of the cornea by improving oxygen
provision.

Keywords: Contact lens; corneal endothelium; silicone hydrogels; specular microscopy; cell
density.
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1. Introduction

For a healthy cornea, oxygen is required. A cornea
can be a®ected by the presence of a contact lens.
Unfortunately, long-term contact lens usage can
impair the anterior segment of the eye. This is be-
cause the environmental oxygen used by the cor-
nea's metabolism is, to some extent, blocked by the
barrier of the lens. Hypoxia appears to take place at
all corneal levels.1,2

Oxygen passes through a contact lens by di®usion.
The International Organization for Standardization
(ISO) standard measure of the oxygen permeability
of a lens material (at a uniform, standardized thick-
ness) is called Dk. Dk has the unit of 10�11 (cm2/s)�
[ml O2/(ml � hPa) or (cm/sec) � (ml O2/ml �
mmHg)]. The actual oxygen transmissibility of the
lens is called Dk/t. This measurement takes into ac-
count of the central thickness (t) of a �3.00 D lens
(ISO standard) or the t at any other place of the lens.
Dk/t has the unit of 10�9 (cm/s) � [ml O2Þ/(ml �
hPa)] or (cm/sec) � (ml O2/ml � mmHg).2,3

A transmissibility graph shows the Dk/t values
across the entirety of any given lens and describes
the distribution of maximum and minimum oxygen
transmissibility (power, base curve).

In silicone hydrogel (SiH) contact lenses, silicone
rubber is combined with conventional hydrogel
monomers. The silicone component of these lens
materials provides extremely high oxygen perme-
ability. The hydrogel component facilitates °exi-
bility, wettability and °uid transport. This aids lens
movement. Their oxygen transmissibility (Dk/t) is
high because silicone is a better oxygen transmitter
than water. These properties may improve the
comfort of wearing contact lenses. However, a dis-
advantage of these lenses is the higher rigidity
moduli, due to the high silicone content. First
generation SiH contact lenses (lotra¯lcon A, bala-
¯lcon A) have a lower water content and higher
rigidity moduli, when compared with second gen-
eration SiH contact lenses (lotra¯lcon B, seno¯lcon
A, galy¯lcon A, lotra¯lcon B). Second generation
SiH contact lenses are more comfortable, even
though their oxygen permeability is lower than
that of ¯rst generation SiH contact lenses. This is
because they have increased water content and
reduced moduli.4

In this prospective nonrandomized study, we in-
vestigated the e®ects of contact lens wear on the
cornea and the corneal endothelium in subjects who

were wearing second generation SiH lotra¯lcon B
(Air Optix, 33% H2O, 8.6mm BC, 14.2mm diam-
eter, CIBA Vision Corporation, Duluth, GA, USA).
These subjects used soft contact lenses on a daily
wear schedule.

2. Material and Methods

2.1. Subjects

In this study, we enrolled 55 people (110 eyes). The
subjects were divided into two groups. To Group 1,
we assigned 56 eyes of 28 subjects. These were ha-
bitual, nonsilicone hydrogel soft contact lens wear-
ers (one male and 27 females with a mean age
25 � 7.1 years), with a mean contact lens wear time
of 5.93 � 6.02 years (minimum: two years, maxi-
mum: 31 years). The reason for re¯tting these
subjects with more modern contact lenses was to
preserve the physiological status of the eye. In
Group 2, 27 neophytes (three male and 24 females
with a mean age 20 � 2.15 years) had never worn
contact lenses before they were ¯tted with lotra-
¯lcon B lenses. The subjects were examined before
being ¯tted with the SiH lens. They were then ex-
amined at two weeks, four weeks, three months, six
months after their ¯tting and six-monthly thereaf-
ter. At every visit, we recorded visual acuity by
Snellen chart. This was de¯ned by clinical mea-
surements and biomicroscopic examination results
(lens centration and movement, morphological
alterations of contact lens, anterior segment of the
eye and corneal staining). Only the subjects who
appeared at all their examinations and had
appraisable data were included in our study analy-
sis. For the publication of this paper, we obtained
written informed consent from all of the subjects.
The protocol used in this study was in full compli-
ance with good clinical practices, the Declaration of
Helsinki (1996) and the guidelines of the Medical
and Health Science Center of the University of
Debrecen.

3. Subjective and Objective Evaluation
Methods

With the help of self-administrated questionnaires
(yes or no choices), we collected the subjective
experiences of the subjects. We created the response
format applying several similar con¯gurations.
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Inquiries included: uncomfortable sensation at the
end of the day, itchy or irritating sensation, dryness,
redness, inability to wear contact lenses for an en-
tire day, blurred vision and °uctuating visual acuity
with the subjects' old lenses and with their new
lotra¯lcon B lenses. The questionnaires were ¯lled
in before ¯tting the SiH lenses and four weeks later.
The endothelium cell density was measured with an
EM 1100 (Tomey, Tennenlohe, Germany) contact
specular microscope. The examinations were per-
formed at scheduled intervals, with photos taken
before the lotra¯lcon B lenses were worn and then
again at one month, six months, one, two and three
years.

Before taking the photo, the cornea was anaes-
thetized with a drop of local anaesthetic (0.4%
oxybuprocain hydrochloride). Six to seven pictures
of the central region of each cornea were taken. The
three best quality ones (including at least 100 cells)
were analyzed using EM 1200, V 1.5.1, Tomey
software.

Apart from cell density, the following parameters
were determined by specular microscopy: corneal
thickness, average endothelium cell size, coe±cient
of variation of endothelial cells and the percentage
of endothelial hexagonal cells. The result obtained
via specular microscopy is based on re°ection. Thus,
it must be considered that the magni¯cation
depends on the light path length. Consequently, in
thick corneas, cell density will be under-estimated
and vice versa. So we corrected the determined cell

density. The correction was then calculated using
the equation below (given by the Tomey for use):

Z ðcorrÞ ¼ Z � ðF=10; 566Þ2, where:
Z (corr): corrected cell density;
Z: actual cell density;
F : focus, namely, the thickness of the cornea;
10.566: calibration data from the manufacturer.

4. Statistical Analysis

The data were analyzed using SPSS 9.0 for Win-
dows and were marked with means and standard
deviations (SD). Comparisons were made using the
Student's t-tests. The correlations between di®erent
parameters were assessed using Spearman's corre-
lation coe±cient (r). Repeated measures analysis of
variances were used to compare each parameter at
di®erent time points. Finding with an error proba-
bility of less than 0.05 were considered to be sta-
tistically signi¯cant (p < 0:05).

5. Results

In all cases, the distance corrected visual acuity was
20/20. All lenses were well centered with a 1–2mm
lens movement. The anterior segment ¯ndings were
normal and staining was not more than grade I
(Efron Grading Scale). Limbal hyperaemia was re-
duced in Group 1 but had not developed in Group 2
(Figs. 1(a) and 1(b)).

(a) (b)

Fig. 1. Images at a higher magni¯cation (40� magni¯cation) of limbal hyperaemia in subjects from Group 1 before (1(a)) and 3
months after wearing lotra¯lcon B lenses (1(b)).

Specular microscopy in contact lens wearers

1550044-3

J.
 I

nn
ov

. O
pt

. H
ea

lth
 S

ci
. 2

01
5.

08
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 1

37
.1

08
.7

0.
14

 o
n 

01
/1

0/
23

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.



Approximately 60% (16/28) of the subjects in
Group 1 found their current habitual lenses to be
uncomfortable. However, after the subjects were
re¯tted with lotra¯lcon B lenses, this percentage
decreased to 6% (1/28). Similar results were
obtained concerning the self-assessed redness of the
eye. Approximately 53% (14/28) of the investigated
subjects reported lens awareness and irritation with
their previous, habitual lenses. This decreased to 0%
after the subjects were re¯tted with lotra¯lcon B
lenses. Dryness was a problem for 60% (16/28) of
the subjects but, after wearing lotra¯lcon B lenses,
this completely disappeared (0%). Approximately
53% (14/28) of the investigated subjects said that
they could wear lotra¯lcon B lenses longer than
their habitual lenses. With their previous lenses,
approximately 60% (16/28) of the investigated
subjects complained of blurred vision. However,
none reported this symptom when wearing lotra-
¯lcon B lenses.

Approximately 44% (12/27) of the subjects in
Group 2 reported lens awareness and mild irritation
in the ¯rst two to four weeks but not thereafter.
This feeling of discomfort is incredibly common
among new lens wearers. It develops at the begin-
ning stages of wearing lenses of all types and
decreases after a period of adaptation.

Hypoxia-related complications (microcysts, Des-
cemet's striae, corneal staining) were not discovered
by slit lamp examination. However, a decrease in
limbal vascularization was observed in Group 1
(Fig. 1(a) shows more dilated limbal vessels than
those three months after wearing lotra¯lcon B lenses
on Fig. 1(b)).

Repeated measures analysis of variances dis-
closed no statistically signi¯cant di®erence in the

measured parameters in either group during the
follow up period (p ¼ 0:06�0:96).

The change in corneal thicknesses was not sta-
tistically signi¯cant in either group during the
three-year period (Fig. 2). The same was true for
endothelial cell density. Nevertheless, we noted an
interesting trend in Group 2: cell density slightly
decreased in the ¯rst month, which was not ob-
served after six months of lens use (Fig. 3).

Cell density decreased in Group 1 by 1.62% after
one year, by 0.85% after two years and by 6.43%
after three years (p ¼ 0:25; 0.26; 0.59). This con-
trasts the cell density found in Group 2, which in-
creased slightly in the ¯rst two years (0.78% after
one year and 0.46% after two years) but decreased
by 3.7% after three years (p ¼ 0:28; 0.06; 0.93).
There was a signi¯cant di®erence in the ages of the
two groups (the average age was 25.3 years in
Group 1 and 19.89 years in Group 2; p ¼ 0:024).
However, cell densities were not signi¯cantly di®er-
ent at baseline (2554.76 cells/mm2 and 2629.27 cells/
mm2, respectively; p ¼ 0:17). Cell size (Fig. 4) and

Fig. 2. Specular microscopic analysis of endothelial cell layer performed by Tomey EM 1100 equipment.

Fig. 3. The °uctuation of cell density in Group 2. The cell
density slightly decreased in the ¯rst month. However, this
phenomenon did not persist after 6 months.

B. Kettesy et al.
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cell density are interdependent variables. In a given
¯eld, cell density is higher when the cells are smaller
and vice versa.

In this study, there was a correlation between the
coe±cient of variation and the time of lens wear. In
Group 1, the coe±cient of variation decreased sig-
ni¯cantly after six months compared to baseline
values (the baseline coe±cient of variation was 0.47,
whereas, after six months, it was 0.44; p ¼ 0:049).
In Group 2, there was no signi¯cant change.

The percentage of hexagonal cells increased sig-
ni¯cantly after one month in Group 2 (before the
lenses were worn, it was 27.78%, whereas, after one
month, it was 28.25%; p ¼ 0:025). In Group 1, there
was no signi¯cant change.

In Group 1, we observed and documented the
regression of limbal hyperaemia and neovascular-
ization in the subjects during lotra¯lcon B lens wear
(Figs. 1(a) and 1(b)). Age is known to be inversely
proportional to cell density. This outcome was also
observed in this study because cell density de-
creased with the progression of age (but without
statistical signi¯cant level) (r ¼ �0:43; p ¼ 0:094;
Fig. 5).

This study also found that the lens wearing time
was directly proportional to the coe±cient of vari-
ation (r ¼ 0:28; p ¼ 0:045; Fig. 6).

The ¯rst correlation was examined in Group 2
using parameters that were obtained prior to
the lenses being worn. This was to eliminate the
in°uence of any previous contact lens usage on cell
density. The second correlation was investigated in
Group 1 using data that were obtained before the
subjects were ¯tted with lotra¯lcon B lenses. The
parameters of the corneal physiology in Group 1
and Group 2 are in Tables 1 and 2.

6. Discussion

Our investigation found that wearing lenses with
low oxygen permeability (called conventional hy-
drogel lenses) generated irreversible damage to the
corneal endothelium (a comparison of the baseline
values of the nonlens wearing vs lens-wearing
groups). Furthermore, it showed that not even high
Dk/t lotra¯lcon B contact lenses were able to stop
the consequential increase in cell destruction. The
decrease observed in cell density in Group 1 excee-
ded 0.56%, which is the mean annual decrease that
has been reported.3 The fact that neither of the
examined parameters signi¯cantly decreased in
Group 2 suggests that lotra¯lcon B provides the
cornea with enough oxygen over the three-year
period.

By comparing changes in cell density to age and
examining the correlation between the coe±cient of
variation and lens wearing time, we came to the
same conclusions as Sheng and Bullimore. Their
research found that age is inversely proportional to
cell density and that years of contact lens wear is
directly proportional to the coe±cient of variation.5

Fig. 4. The °uctuation of cell size in Group 2. Cell size
changes are not synchronized with cell density changes because
they are reversely interdependent.

Fig. 5. The correlation between age and cell density in the two
groups, inverse proportion (r ¼ �0:43; p ¼ 0:094).

Fig. 6. The correlation between the lens wearing time and the
coe±cient of variation in Group 1, direct proportion (r ¼ 0:28;
p ¼ 0:045).

Specular microscopy in contact lens wearers
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The two groups in our study is not age-matched, it
is matching at the beginning age of lens wearing.
This fact could be a limitation factor and therefore
further researches are needed to understand the
e®ects of second generation lotra¯lcon B SiH lenses
on the cornea.

The coe±cient of variation of the endothelial
cells is a measure of the diversity in cell size. A lower
coe±cient of variation is considered to be better
because it indicates that the cells are more similar to
one another. Healthy eyes are known to possess
more similar, regular shapes. The coe±cient of
variation is lower when, for the same or a slightly
smaller mean, the standard deviation becomes
smaller (which is likely to be the case for the corneal
endothelium). Additionally, it is lower when, for the
same or a slightly increased standard deviation, the
mean becomes larger or when they both change for
the better (for example, a relatively lower standard
deviation and a corresponding smaller change in the
mean).

The present study investigated the central
region of the cornea. This is important because,
according to Amann et al. the cornea has a larger
endothelial cell density in the paracentral and pe-
ripheral regions, in comparison to that in the central
region.6 However, this di®erence cannot be seen in
contact lens wearers. This suggests that contact lens
wear may cause a mild redistribution of the endo-
thelial cells from the center to the periphery of the
cornea.7

Only a few published studies have examined
lotra¯lcon B contact lenses.8,9 Our results support
the outcomes of these papers. The daily wear of
lotra¯lcon B lenses improved corneal signs and
health (conjunctival and limbal redness, corneal
neovascularization, corneal oedema, corneal and
conjunctival staining, etc.) and subjects' symptoms
(uncomfortable lens wear, redness, dryness, irrita-
tion, blurred vision, etc.). The half of the subjects in
Group 2 had mild irritation in the ¯rst two to four
weeks but not thereafter. This feeling of discomfort
is incredibly common among new lens wearers.
It develops at the beginning stages of wearing
lenses of all types and decreases after a period of
adaptation.10

Additionally, it provided excellent vision and
comfort. Subjects preferred these new lenses over
their habitual lenses.

Silicone hydrogel contact lenses provided enough
oxygen for the cornea. Thus, they protect the

cornea from the hypoxia caused changes.11–14 Fur-
thermore, Santos et al. have proven that SiH con-
tact lenses are generally less susceptible to microbial
adhesion, in comparison to conventional hydrogels.
This feature facilitates better lens resistance to
bacteria.15 According to a study by Lira et al. SiH
contact lenses are less susceptible to damage over
time, resulting in sustained biocompatibility for
longer periods of time. This contributes to the
clinical success of this type of lens.16

The Gothenburg study has demonstrated that
prolonged wearing of low Dk/t contact lenses dis-
turbs the metabolism of the epithelium, decreases
the oxygen absorption of the eye and thin the epi-
thelium.17 Jalbert et al. have recently shown that
this e®ect can be signi¯cantly reduced via the use of
SiH contact lenses.18

Dumbleton et al. re¯tted successful soft lens
wearers with other high Dk/t SiH contact lenses.
They then evaluated the objective and subjective
responses of subjects. Their results demonstrate
that bulbar and limbal hyperaemia signi¯cantly
decreased in all quadrants. This was also observed
in the subjects of our study. In addition, dryness
diminished and the end-of-day comfort improved.19

Doughty et al. experienced improvement in the
mean bulbar and limbal redness after six months of
SiH lens usage.11 Consequently, high oxygen avail-
ability ensured better comfort for the wearer and in
this investigation lotra¯lcon B, supports the physi-
ological metabolism and functions of the cornea by
improving oxygen provision. Thus, it can be argued
that contact lens wear does not provoke corneal
damage.

A state of hipoxia is caused by the prolonged
wearing of older hydrogel low Dk/t contact len-
ses.17,20 Nearly all contact lens wearers report
instances when they do not remove their contact
lenses before sleeping (\closed-eye contact lens
wear"). At such times, tear °ow stops between the
contact lens and the anterior surface of the cornea,
which, in just a few minutes, induces metabolic
changes in the micro-environment of the corneal
epithelium.21 After some minutes, both the stroma
and the endothelial cells automatically undergo
anaerobic glycolysis. The consequence of this is
corneal swelling. A short-term disorder of the me-
tabolism does not lead to irreversible deviations in
the structure of the cornea. However, prolonged,
frequent hypoxia results in secondary morphological
changes in the epithelium, stroma and endothelium

B. Kettesy et al.
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that are only minimally reversible. Oxygen depri-
vation has been associated with the appearance of
microcysts in the epithelium, epithelial thinning,
slowed mitosis, the loss of hemidesmosomes, re-
duced epithelial oxygen consumption and an in-
creased super¯cial cell size in the epithelium.
Stromal changes include a chronic loss of glycosa-
minoglycans and thinning and the endothelium
shows signs of increased polymegethism.22 Fur-
thermore, conjunctival hyperaemia, corneal neo-
vascularization, corneal oedema, corneal staining,
myopic shift and a decreased resistance against
microbial keratitis develop due to oxygen depriva-
tion.17,23,24 These e®ects lead to subjective symp-
toms, including a decreased or °uctuant visual
acuity, blurred vision, seeing a rainbow circle
around lights, dryness and lens awareness. Schafer
et al. examined the stability of dryness symptoms
after re¯tting subjects with high-Dk/t SiH contact
lenses. According to their results, during-the-day

and end-of-day dryness symptoms signi¯cantly im-
proved during the ¯rst week after re¯tting with
lotra¯lcon B lenses and remained stable for three
years. The presence of dryness symptoms after one
week was associated with the discontinuation of
contact lens wear.25

Hypoxia that a®ects the periphery of the cornea
is an even more important problem than hypoxia of
the central cornea. This is because the limbus is the
only source of epithelial stem cells that ensure un-
limited new epithelial cells and fast regeneration
after surface damage. Any stem cell deprivation or
damage consequently results in recurrent erosion,
chronic keratitis or vascularization.26

Con°icts of Interest

None of the authors has any potential ¯nancial
con°ict of interest related to this manuscript.

Table 2. The results from Group 2: parameters of the corneal physiology (corneal thickness and endothelial morphology).

Before wearing
lenses

After one
month

After six
months

After one
year

After two
years

After three
years

Corneal thickness (�m) 0.54 0.54 0.55 0.56 0.55 0.57
p-value 0.71 0.62 0.35 0.63 0.16

Cell density (cell/mm2) 2629.27 2568.9 2684.9 2685.5 2722.2 2635.5

p-value 0.17 0.25 0.28 0.06 0.93

Cell size (�m2) 370.5 379.71 363.97 363.67 358.33 372.75

p-value 0.12 0.27 0.31 0.06 0.81
Coe±cient of variation 0.43 0.44 0.39 0.41 0.40 0.41
p-value 0.85 0.07 0.41 0.19 0.63
Hexagonal frequency (%) 27.78 28.25 23.23 30.67 32.04 29.5
p-value 0.025 0.82 0.73 0.56 0.34

Table 1. The results from Group 1: parameters of the corneal physiology (corneal thickness and endothelial morphology).

Before changing
lenses

After one
month

After six
months

After one
year

After two
years

After three
years

Corneal thickness (�m) 0.53 0.53 0.63 0.53 0.53 0.54
p-value 0.92 0.13 0.62 0.91 0.93

Cell density (cell/mm2) 2554.76 2542.2 2540.4 2491 2630.4 2515.7

p-value 0.76 0.80 0.25 0.26 0.59

Cell size (�m2) 383.6 384.13 388.41 383.28 369.47 388.07

p-value 0.92 0.53 0.97 0.13 0.65
Coe±cient of variation 0.47 0.45 0.44 0.46 0.43 0.45
p-value 0.12 0.049 0.91 0.06 0.46
Hexagonal frequency (%) 28.99 28.29 27.89 27.25 31.44 27.63
p-value 0.51 0.45 0.23 0.16 0.46

Specular microscopy in contact lens wearers
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