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Background: Contact lenses (CL) are widely prescribed for various indications. 
A rather high incidence of severe complications in CL wearers necessitates a 
deeper and more detailed investigation of CL-associated ocular surface changes 
with duration of soft contact lens (SCL) wear.
Purpose: To investigate ocular surface changes in mild and moderate myopes 
differing in duration of SCL wear.
Materials and Methods: Seventy-nine mild and moderate myopes (152 eyes; 
mean age, 30.8±0.4 years; mean duration of lens wear, 10.2±0.6 years) wearing 
silicone hydrogel contact lenses were involved in the study. Patients were divided 
into groups based on duration of SCL wear (1-5 years, 6-10 years, and > 10 
years). They completed an Ocular Surface Disease Index (OSDI) questionnaire 
and underwent visual acuity assessment, anterior biomicroscopy and the 
following tests: ocular surface fluorescein staining,   lid-parallel conjunctival 
folds (LIPCOF), lid-wiper epitheliopathy (LWE), fluorescein tear break-up time 
(FTBUT), Schirmer I and Schirmer II tests, and corneal sensation by the method 
of Faulkner using a cotton swab applicator. The van Bijsterveld system and the 
Baylor scale were used to quantify ocular surface staining and corneal staining, 
respectively. 
Results: In mild and moderate myopes wearing soft contact lenses, overall OSDI 
score, LIPCOF score, LWE score, FTBUT, Baylor corneal staining score, van 
Bijsterveld ocular surface fluorescein staining score, corneal sensation loss, 
presence of corneal epithelial edema, presence of corneal fluorescein staining, 
conjunctival hyperemia, presence and degree of limbal vascularization, presence 
and degree of corneal vascularization, and presence of corneal opacity were 
found to statistically significantly depend on duration of SCL wear.
Conclusion: An OSDI test found mild ocular surface disease in myopic patients 
wearing lenses for ≤ 5 years, and moderate ocular surface disease, in those 
wearing lenses for > 5 years. There was a high probability of a severe corneal 
sensation loss (80%) for overall OSDI score ≥32.5 (i.e., moderate ocular surface 
disease). The most apparent changes in the ocular surface developed in patients 
wearing SCL for > 10 years. Decreased tear production and quality, lid-wiper 
epitheliopathy as shown by fluorescein staining, conjunctival folds (LIPCOF test), 
conjunctival hyperemia, corneal opacities, limbal and corneal vascularization 
were observed in patients wearing SCL for at least a year. Corneal edema and 
presence of corneal and conjunctival fluorescein staining were found in patients 
wearing SCL for at least 6 years. Loss of central corneal sensitivity was noted in 
patients wearing SCL for > 10 years.
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[40]. The prevalence of CLPC is higher in patients using 
silicone hydrogel lenses compared with those wearing 
hydrogel lenses [41], which is likely due to greater 
mechanical irritation caused by these lenses [42]. Changing 
the lens type to daily disposable has been associated with 
decreased prevalence of allergic reactions [43].

A rather high incidence of severe complications in 
contact lens wearers necessitates a deeper and more 
detailed investigation of CL-associated ocular surface 
changes in patients differing in duration of SCL wear.

The purpose of the study was to investigate ocular 
surface changes in mild and moderate myopes differing in 
duration of SCL wear.

Materials and Methods
This study was conducted at the Corneal Microsurgery 

Department of the Filatov Institute of Eye Diseases and 
Tissue Therapy. Seventy-nine mild and moderate myopes 
(152 eyes; 61 women (77.2%) and 18 men (22.8%); 
mean age,  30.8±0.4 years; duration of lens wear, 1 year 
to 41 year; mean duration of lens wear, 10.2±0.6 years) 
wearing silicone hydrogel contact lenses were involved in 
the study. The mean refraction, mean uncorrected visual 
acuity (UCVA) and mean best-corrected visual acuity 
(BCVA) were -4.12±0.11 D, 0.12±0.01, and 0.86±0.02, 
respectively.

Patients were divided into groups based on duration of 
SCL wear (1-5 years, 6-10 years, and > 10 years).

They completed an Ocular Surface Disease 
Index (OSDI) questionnaire and underwent visual 
acuity assessment using the Shevaliov chart, anterior 
biomicroscopy, and the following tests: ocular surface 
fluorescein staining,   lid-parallel conjunctival folds 
(LIPCOF), lid-wiper epitheliopathy (LWE), fluorescein 
tear break-up time (FTBUT), and lid-parallel conjunctival 
folds (LIPCOF).  Corneal staining was quantified using 
Baylor scoring (with a 0-to-15 scale), and ocular surface 
staining, using van Bijsterveld scoring (with a 0-to-9 
scale). Total tear production was assessed with Schirmer 
I test, and basal tear secretion, with Schirmer II test or 
Schirmer-Jones test. A cotton swab applicator was used to 
assess corneal sensation by the method of Faulkner. 

Statistical analyses were conducted using Statistica 10.0 
(StatSoft, Tulsa, OK, USA) software. Data are presented 
as mean (with standard deviation (SD) in parentheses).

Results
Mean overall OSDI scores were 22.0 (10.7) for 1-5 

years, 31.9 (14.3) for 6-10 years, and 35.5 (12.5) for > 10 
years duration of SCL wear (Table 1), corresponding to 
mild ocular surface disease (OSD), moderate OSD, and 
moderate OSD, respectively. The difference in overall 
OSDI scores between patients with 1-5 years, and those 
with  > 10 years duration of SCL wear was statistically 
significant (р=0.006, Fig. 1, Table 1).

We found that OSDI scores were directly correlated 
with combined LIPCOF scores, LWE scores, degree of 
loss of central corneal sensation, presence of conjunctival 

Introduction
Contact lenses (CL) are widely prescribed in patients 

with aphakia, keratoconus, high anisometropia, for 
the treatment of various ocular surface diseases [1-8], 
after refractive surgical procedures [5, 9-12], in eyes 
with persistent epithelial defects [3, 13-14], and as an 
alternative to spectacle correction. In addition, cosmetic 
contact lenses are increasingly popular [15].

The ocular surface is a very important part of the eye. 
It consists of the conjunctiva, limbus, cornea, tear film, 
lacrimal glands, nasolacrimal drainage apparatus and 
associated eyelid structures.

Long-term contact lens wear affects the ocular surface 
resulting in complications like contact lens discomfort 
(CLD),   dry eye syndrome, corneal vascularization, 
mechanical microtrauma, corneal erosion, keratitis, 
infiltrates, corneal ulceration, and/or allergic reactions. 
The prevalence of CLD among CL wearers varies from 
23% to 94% [16-20].

Contact lens wearers make up 10 to 30% of patients 
diagnosed with corneal vascularization [21, 22], and 
corneal vascularization develops in 1 to 20% of contact 
lens wearers [23]. Patients who use rigid gas permeable 
lenses have a lower rate of vascularization [24]. A higher 
prevalence has been reported in relation to soft contact 
lenses (SCL), especially in long-term wearers [21, 24].

Microbial keratitis (MK) is the most serious vision-
threatening complication associated with incorrect use of 
the contact lenses. Risk factors for MK include dryness, 
corneal hypoxia, edema, or erosion, contact lens deposits, 
allergic reactions, microbial contamination of lens care 
solutions and their accessories, and improper hygiene 
practices [25-28].

The risk may increase as much as 20-fold with 
extended contact lens wear, leading to increased corneal 
hypoxia [29]. Mechanical microtrauma to the corneal 
epithelium, represented by punctuate epithelial erosions, 
has been associated with silicone hydrogel contact lenses 
despite their higher oxygen permeability. The broken 
epithelial barrier can be a serious risk factor for developing 
infectious keratitis [29-31].

The approximate yearly incidence of microbial 
keratitis ranges from 1.2 to 25.4% per 10,000 contact 
lens wearers depending on the type of lens and wearing 
program [20,32-34]. Approximately 85% of cases of 
Acanthamoeba keratitis are related to contact lenses [4].

Contact lens wear is a major risk factor for developing 
fungal keratitis, particularly those caused by yeast-like 
fungi, as demonstrated in 78 eyes of fungal keratitis 
collected from 1999 to 2008 [35]. Moreover, long-term CL 
wear increases this risk [36].

The incidence of contact lens-induced peripheral ulcer 
(CLPU) for daily wear silicone hydrogel lenses has been 
reported to be 2–3%, increasing to 2–6% with extended 
wear schedules [37, 38].

The incidence rate of contact lens-induced papillary 
conjunctivitis (CLPC) ranges from 1.5% [39] to 47.5% 
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hyperemia, presence of limbal vascularization and 
degree of limbal vascularization. The greatest correlation 
coefficient was with the degree of loss of central corneal 
sensation.

The mean overall OSDI score 41.8 (11.8) for severe 
corneal sensation loss was statistically significant. It was 
demonstrated that there was a high probability of a severe 
corneal sensation loss (80%) for overall OSDI score ≥32.5 
(Table 2 and Fig. 2).

Mean FTBUT values were 4.5 (1.5) s for 1-5 years, 
4.4 (1.6) s for 6-10 years, and 3.4 (2.0) s for > 10 years 
duration of SCL wear (Table 1).

Mean Baylor corneal staining scores were 1.3 (2.0) 
for 1-5 years, 1.9 (2.6) for 6-10 years, and 3.1 (3.8) for 
> 10 years duration of SCL wear. The Baylor corneal 
staining score for > 10 years duration of SCL wear was 
statistically significantly greater than those for 1-5 years 
and 6-10 years (Table 2). Baylor corneal fluorescein 
staining was positive for ≥ 3 years (mean value, 11.1 (6.8) 
years) duration of SCL wear. Mean van Bijsterveld ocular 
surface fluorescein staining scores were 3.1 (3.0) for 1-5 
years, 3.4 (3.0) for 6-10 years, and 4.3 (2.8) for > 10 years 
duration of SCL wear. The van Bijsterveld ocular surface 
fluorescein staining score for > 10 years duration of SCL 
wear was statistically significantly greater than those for 
1-5 years and 6-10 years (Table 2). Van Bijsterveld ocular 
surface fluorescein staining was positive for ≥ 2 years 
(mean value, 11.4 (6.6) years) duration of SCL wear.

We found that LWE scores and LIPCOF scores 
for myopic patients wearing SCL for 1-5 years were 
significantly lower than for those wearing SCL for > 10 
years (p = 0.00005 and p = 0.0001, respectively, Table 3).

LWE and Lipcof tests were positive for myopic patients 
wearing SCL for ≥1 year (mean values, 12.3 (7.9) years 
and 10.6 (7.4) years, respectively).

Corneal sensitivity loss was statistically more significant 
for > 10 years duration of SCL wear. A moderate corneal 
sensitivity loss was found for a mean SCL wear duration of 
10.8 (6.8) years (range, 1 to 34 years), and severe corneal 
sensitivity loss, for a mean SCL wear duration of 16.4 
(9.0) years (range, 5 to 41 years).

Corneal epithelial edema was found in some myopic 
patients wearing SCL for 6-10 years, and in as much as 
37.5% of those wearing SCL for >10 years (Table 4). The 
mean duration of SCL wear for which corneal epithelial 
edema was found was 12.4 (3.5) years.

Corneal hyperemia was found in some myopic patients 
wearing SCL for 1-5 years, and in more than 50% of those 
wearing SCL for >10 years. The mean duration of SCL 
wear for which corneal hyperemia was found was 12.4 
(3.5) years.

Corneal fluorescsin staining was positive in 37.0%, 
51.1%, and 64.4% of patients wearing SCL for 1-5 years, 
6-10 years, and >10 years, respectively. The mean duration 
of SCL wear for which corneal fluorescsin staining was 
positive was 10.9 (6.5) years (Table 4), with the minimum 
duration of 3 years.

Limbal vascularization was seen in 73.9%, 87.2%, 
and almost all eyes (96.6%) of patients wearing SCL 
for 1-5 years, 6-10 years, and >10 years, respectively 
(Table 4), and patients with greater duration of SCL wear 
had an increased number of quadrants involved (Table 
5). The mean duration of SCL wear for which limbal 
vascularization was found was 10.8 (7.4) years, with the 
minimum duration of 1 year.

Corneal vascularization was found in myopic patients 
with any duration of SCL wear: in 21.7%, 48.9%, and 
72.9% of patients wearing SCL for 1-5 years, 6-10 years, 
and >10 years, respectively (Table 3). The mean duration 
of SCL wear for which corneal vascularization was found 
was 12.9 (8.3) years, with the minimum duration of more 
than 2 years. Table 6 shows numbers and percentages 
of patients with different numbers of corneal quadrants 
affected by vascularization for each category of duration 
of SCL wear. All the four corneal quadrants were affected 
by vascularization only in some patients wearing SCL for 
> 10 years.

Corneal opacities were found in 10.0-110% of patients 
wearing SCL for ≤10 years, and in as much as half of those 
wearing SCL for >10 years (Table 4). The mean duration 
of SCL wear for which corneal opacity was found was 
13.9 (7.6) years, with the minimum duration of more than 
4 years.

Pearson’s chi-square test found that presence of 
corneal epithelial edema, conjunctival hyperemia, corneal 
fluorescein staining, limbal vascularization, corneal 
vascularization, and corneal opacities were associated 
with duration of SCL wear.

Overall OSDI score, LIPCOF score, LWE score, 
FTBUT, Baylor corneal staining score, van Bijsterveld 
ocular surface fluorescein staining score, corneal sensation, 
presence of corneal epithelial edema, positive corneal 
fluorescein staining, conjunctival hyperemia, presence and 
degree of limbal vascularization, presence and degree of 
corneal vascularization and presence of corneal opacity, 
but not  Schirmer I score, Schirmer II score and corneal 
central thickness significantly depended on duration 
of SCL wear. Mean durations of SCL wear for which 
Schirmer I and Schirmer II scores were below normal were 
10.3 (7.3) years and 10.6 (7.4) years, respectively, with the 
minimum duration of 1 year. Mean duration of SCL wear 
for which corneal thickness was ≤ 490 nm was 10.2 (5.0) 
years, with the minimum duration of 2 years.

Conclusion
In mild and moderate myopes wearing soft contact 

lenses, overall OSDI score, LIPCOF score, LWE score, 
FTBUT, Baylor corneal staining score, van Bijsterveld 
ocular surface fluorescein staining score, low corneal 
sensitivity, presence of corneal epithelial edema, corneal 
fluorescein staining, conjunctival hyperemia, presence and 
degree of limbal vascularization, presence and degree of 
corneal vascularization, and presence of corneal opacity 
were found to statistically significantly depend on duration 
of SCL wear. Silicone hydrogel contact lens wearers began 



 ISSN 0030-0675 - Journal of Ophthalmology (Ukraine) - 2018 - Number 6 (485)  

6	 	  

feeling ocular discomfort as early as 1-5 years after they 
began using these lenses. An OSDI test found mild ocular 
surface disease in myopic patients wearing lenses for 
≤ 5 years, and moderate ocular surface disease, in those 
wearing lenses for > 5 years.

There was a high probability of a severe corneal 
sensation loss (80%) for overall OSDI score ≥32.5 (i.e., 
moderate ocular surface disease). Early pathological 
changes in the ocular surface were usually found in 
patients wearing SCL for 1-5 years, and severe changes, in 
those wearing SCL for > 10 years. 

Decreased tear production and quality, lid-wiper 
epitheliopathy as shown by fluorescein staining (LWE test), 
conjunctival folds (LIPCOF test), conjunctival hyperemia, 
corneal opacities, limbal and corneal vascularization were 
observed in patients wearing SCL for at least a year.

Corneal edema and presence of corneal and conjunctival 
fluorescein staining were found in patients wearing SCL 
for at least 6 years. Loss of central corneal sensitivity was 
noted in patients wearing SCL for > 10 years.

The obtained data complement the knowledge on the 
pathological changes in the ocular surface with duration 
of SCL wear, and will contribute to understanding of the 
causes of severe complications associated with contact 
lens correction.
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Table 1. Mean Ocular Surface Disease Index (OSDI) scores, fluorescein tear break-up time (FTBUT) values, Baylor corneal 
staining scores, and van Bijsterveld ocular surface staining scores in mild and moderate myopes differing in duration of soft 
contact lens (SCL) wear

Group
Years of duration 

of SCL wear 
(number of eyes)

OSDI, 
M (SD) p FTBUT, 

M (SD) p

Baylor 
corneal 
staining, 
M (SD)

p

Van Bijster-veld 
ocular surface 

staining, 
M (SD)

p

1 1-5 (46) 22.0 (10.7) p1-2=0.006 4.5 (1.5) p1-2=0.7 1.3 (2.0) p1-2=0.4 3.1 (3.0) p1-2=0.6

2 6-10 (47) 31.9 (14.3) p2-3=0.3 4.4 (1.6) p2-3=0.004 1.9 (2.6) p2-3=0.04 3.4 (3.0) p2-3=0.1

3 > 10 (59) 35.5 (12.5) p1-3=0.0007 3.4 (2.0) p1-3=0.003 3.1 (3.8) p1-3=0.01 4.3 (2.8) p1-3=0.09

Note: р, as per Newman-Keuls test

OSDI threshold score ROC curve р Sensitivity Specificity

≥32.5 0.80 0.0001 80.0% 71.9%

Fig. 1. Distribution, by lens wear duration category (category 
1, 1-5 years; category 2, 6-10 years; category 3, >10 years), 
of OSDI scores among mild and moderate myopes 

Table 2. Characteristics of apparent loss in corneal sensitivity based on OSDI findings

Fig. 2. Receiver operating characteristic curve for 
corneal sensation (severe loss) based on OSDI 
findings 

Note: ROC, receiver operating characteristic
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Table 5. Numbers and percentages of eyes with no, 1, 2, 3 and 4 vascularized limbal quadrants in mild and moderate myopes 
differing in duration of soft contact lens (SCL) wear

Years of duration 
of SCL wear 

(number of eyes)

Numbers and 
percentages of 

eyes with no limbal 
vascularization 

Numbers and percentages of eyes with 1, 2, 3 and 4 vascularized limbal quadrants

2 3 4

1-5 (46) 12 (26.1%) 15 (32.6%) 4 (8.7%) 10 (21.7%) 5 (10.9%)

6-10 (47) 6 (12.8%) 10 (21.3%) 11 (23.4%) 6 (12.8%) 14 (29.8%)

> 10 (59) 2 (3.4%) 9 (15.3%) 7 (11.9%) 8 (13.6%) 33 (55.9%)

Years of duration of SCL 
wear (number of eyes)

Numbers and 
percentages of eyes 

with no corneal 
vascularization

Numbers and percentages of eyes 
with 1, 2, and 4 vascularized corneal quadrants

2 4

1-5 (46) 36 (78.3%) 9 (19.6%) 1 (2.2%) 0 (0.0%)

6-10 (47) 25 (53.2%) 14 (29.8%) 8 (17.0%) 0 (0.0%)

> 10 (59) 16 (27.1%) 20 (33.9%) 15 (25.4%) 8 (13.6%)

Table 6. Numbers and percentages of eyes with no, 1, 2, and 4 vascularized corneal quadrants in mild and moderate myopes 
differing in duration of soft contact lens (SCL) wear, n (%)

Table 3. Mean lid-wiper epitheliopathy (LWE) scores, lid-parallel conjunctival fold (LIPCOF) scores, and corneal sensitivity 
loss in mild and moderate myopes differing in duration of soft contact lens (SCL) wear

Group
Years of duration 

of SCL wear 
(number of eyes) 

LWE score, 
mean rank p

LIPCOF 
score, 

mean rank
p

Corneal 
sensitivity loss, 

mean rank
p

1 1-5 (46) 56.4 p1-2=0.1 54.6 p1-2=0.1 53.7 p1-2=0.1

2 6-10 (47) 74.4 p2-3=0.07 81.3 p2-3=0.9 71.4 p2-3=0.005

3 > 10 (59) 93.8 p1-3=0.00005 89.8 p1-3=0.0001 98.3 p1-3=0.000001

Note: р, as per Kruskal-Wallis test

Table 4. Numbers and percentages of eyes with presence of corneal epithelial edema, corneal fluorescein staining, conjunctival 
hyperemia, limbal vascularization, corneal vascularization, and corneal opacities in mild and moderate myopes differing in 
duration of soft contact lens (SCL) wear

Years of 
duration of SCL 
wear (number 

of eyes)

Presence of 
corneal epithelial 

edema

Presence of 
conjunctival 
hyperemia

Presence 
of corneal 

fluorescein 
staining

Presence of 
limbal neovas-

cularization, 

Presence of 
corneal 
neovas-

cularization 

Presence of 
corneal 

opacities

1-5 0 (0.0%) 3 (6.5%) 17 (37.0%) 34 (73.9%) 10 (21.7%) 5 (10.9%)

6-10 6 (12.8%) 10 (21.3%) 24 (51.1%) 41 (87.2%) 23 (48.9%) 5 (10.6%)

> 10 22 (37.3%) 32 (54.2%) 38 (64.4%) 57 (96.6%) 43 (72.9%) 30 (50.8%)

c2 (р) 25.36 (р=0.000) 30.50 (р=0.000) 7.83 (р=0.02) 11.66 (р=0.003) 27.07 (р=0.000) 29.93(р=0.000)


