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Abstract- To evaluate the effect of dry eye disease (DED) on the central corneal thickness and anterior
corneal surface irregularity parameters using Scheimpflug tomography. In this study, the central corneal
thickness and topometric indices of the anterior corneal surface were compared between the right eyes of 43
subjects with dry eye (DE group) and the right eyes of 35 non-dry eye individuals (NDE group). The central
corneal thickness (CCT) and the topometric indices of the anterior corneal surface, including IVA, IHA, ISV,
and IHD, were measured using the Pentacam HR (Pentacam-HR, Oculus, Wetzlar, Germany). Dry eye was
diagnosed using a symptom questionnaire, TBUT, and Schirmer’s test without anesthesia. The mean ISV,
IVA, IHA, and IHD were 17.02 + 3.43, 0.114 + 0.04, 5.82 + 4.82, and 0.011 + 0.01 in the DE group and
14.65 + 3.10, 0.086 + 0.03, 3.70 + 3.23, and 0.007 + 0.00 in the NDE group, respectively. All of the above
corneal irregularity indices were significantly higher in the DE group (P<0.05). The mean CCT was 531.19 p
(+34.88 ) and 540.66 p (£27.13 p) in the DE and NDE group, respectively. Based on linear regression
analysis, 1SV, IVA, IHA, and IHD had a significant association with DED (P<0.05), while CCT had no
significant association with DED (P=0.148). DED significantly increases corneal surface irregularity, but it

has no significant effects on CCT measured by the Pentacam.
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Introduction

The pre-corneal tear film is a very thin fluid layer
covering the anterior corneal surface and has an
important role in maintaining a healthy corneal and
ocular surface and forming a regular optical surface (1).
Tears lubricate and nourish the surface of the eye and
provide physical and immune protection against
infection. Aqueous deficiency and/or excessive tear
evaporation can lead to dry eye disease (DED). Based
on the TFOS DEWS Il definition and classification
report, “dry eye is a multifactorial disease of the ocular
surface that is characterized by a loss of tear film
homeostasis and accompanied by ocular symptoms, in

which tear film instability and hyperosmolarity, ocular
surface inflammation and damage, and neurosensory
abnormalities play etiological roles” (2). The normal
structure and thickness of the tear film alter in DED, and
patients with tear film disorders usually experience a
variety of symptoms, such as grittiness, irritation,
photophobia, and blurred or fluctuating vision (3). This
disorder can significantly reduce the quality of life (4).
Millions of people suffer from DED across the world,
and its prevalence ranges from 5% to 50% in different
populations (5).

Some previous studies found that corneal surface
irreqularity detected by Placido disc corneal
videokeratoscopy indices significantly increased in DED
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(6-8); however, a review of the literature found no
studies investigating topometric indices in DED patients
by the Pentacam. Furthermore, there is controversy
about the effect of DED on central corneal thickness
(CCT). Some studies showed decreased CCT in DED,
and some studies found no difference in CCT between
dry and normal eyes (9-11).

The Pentacam is one of the widely used elevation-
based topographers used for corneal evaluation,
especially prior to refractive surgery or for keratoconus
screening. Pentacam measurements are based on the
backscattering light from the corneal tissue, and,
according to the manufacturer, the tear film has no effect
on CCT and anterior corneal surface measurements
(12,13). Therefore, it seems that the Pentacam is a
reliable system for the evaluation of DED effects on the
corneal tissue; therefore, the Pentacam was used in this
study to evaluate whether or not DED causes any
difference in CCT or corneal topometric indices. The
purpose of this study was to evaluate the effect of DED
on CCT and corneal topometric indices.

Materials and Methods

In this study, the right eyes of 43 subjects with DED
(DE group) were compared with the right eyes of 35
normal NDE subjects (NDE group). Two groups were
statistically matched in terms of sex and age. The study
was performed according to the Declaration of Helsinki
and was approved by the Ethics Committees of the Iran
University of Medical Sciences. Written informed
consent was obtained from all subjects prior to
participation in the study. All participants underwent the
following ocular examinations: objective refraction
(Heine Beta 200 retinoscope, HEINE Optotechnic,
Germany), visual acuity measurement, slit lamp
biomicroscopy (Haag Streit Biomicroscope 900; Haag
Streit, Bern, Switzerland), corneal tomography
(Pentacam-HR, Oculus, Wetzlar, Germany), DED
evaluation using a symptom questionnaire, tear break-up
time test (TBUT), and Schirmer | test (S I) without
anesthesia (Schirmer tear test, Optitech Eye Care, India),
intraocular pressure measurement, and funduscopic
examination. The subjects with any systemic or ocular
pathology except DED were excluded from the study.

During the Pentacam imaging, the subjects were
comfortably positioned at the instrument with the chin
and the forehead properly placed on the chinrest and
forehead strap. The participants were asked to blink
several times and then open both eyes and look directly
at the fixation target. The data of CCT and corneal
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topometric indices were collected from Pentacam
tomography.

For DED diagnosis, a symptom questionnaire was
completed by patients, and then TBUT and Schirmer |
tests was performed. The participants who had DED
symptoms, a TBUT less than 10 seconds (s), and S | test
less than 10 millimeters (mm) in 5 minutes were
considered as DED patients. The subjects in the NDE
group had no DED symptoms, had a TBUT above 10 s,
and the Schirmer result was above 10 mm in 5 minutes.
The subjects were selected from patients who presented
to ‘i ”  Hospital for a refractive  surgery
consultation.

After Pentacam tomography, TBUT was done in the
right eyes of the participants. For this purpose, the
subjects were asked to sit at the slit lamp. A strip
impregnated with fluorescein was moisturized with a
drop of normal saline, and the inferior bulbar
conjunctiva was gently touched with the stripped tip
without touching the corneal surface. The cornea was
examined under a cobalt blue filter on the slit lamp
using 10X magnification. The patient was instructed to
blink 2-3 times and then avoid blinking until told
otherwise. The time between the last blink and the
appearance of a dry spot was measured in seconds. This
test was done in triplicate for each eye, and the mean
value was recorded as the tear break-up time. After
TBUT, a 30-minute rest was considered for the tear film
to resume its normal state; then, Schirmer’s test was
done without anesthesia. For this test, the patient was
asked to look up, and a Schirmer strip was placed in the
conjunctival fornix. The wet portion was recorded in
millimeters after 5 minutes

Data were analyzed using the SPSS software version
22.0 (SPSS, Chicago, Illinois, USA). The data normality
was assessed using the Shapiro-Wilk test. The difference
between the two groups was evaluated using the
independent t-test or Mann-Whitney U test, depending
on the data normality. P less than 0.05 were considered
significant.

Ethical issues

The Ethics Committee of “....” the University of
Medical Sciences approved the study protocol. The
study was conducted in accordance with the tenets of the
Helsinki Declaration, and informed consent was
obtained from all participants.

Results

There was no statistical difference in age and gender



between DE and NDE groups, while a significant
difference was found in TBUT and Sl results between
the two groups. The demographic and DED data of the
subjects in DE and NDE groups are summarized in
Table 1.

CCT values were lower in the DE group, but the
difference was not statistically significant (P=0.193).
ISV, IVA, IHA, and IHD were significantly higher in
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the DE group (P<0.05). The results of CCT and corneal
topometric indices are summarized in Table 2.

Linear regression analysis (Table 3) showed a
significant association between DED and corneal
topometric indices, including ISV, IHA, IVA, and IHD.
There was no significant association between DED and
CCT, according to linear regression analysis.

Table 1. Comparison of demographic and dry eye data between dry eye patients
and control group

Parameter DE NDE P
MeanzSD MeanzSD

Age 27.4445.79 28.94+5.51 0.248

Gender 27(62.8%)/16(37.2%) 23(65.7%) 0.789

Female/Male 112(34.3%)

TBUT 5.53+1.61 13.63+3.51 <0.001

Schirmer | 6.161+2.48 24.46+6.98 <0.001

Abbreviations DE: Dry eye group, NDE: Non dry eye group, SD: Standard deviation, TBUT: tear break up

time

Table 2. Comparison of central corneal thickness and corneal topometric indices
between two groups

DE

NDE

Parameter MeanzSD MeanzSD P
CCT 531.19 + 34.88 540.66 + 27.13 0.193*
1SV 17.02 + 3.43 14.65 + 3.10 0.002*
IVA 0.114 + 0.04 0.086 + 0.03 0.002**
IHA 5.82+4.82 3.70 + 3.23 0.039**
IHD 0.011 +0.01 0.007 +0.00 <0.001**

Abbreviations DE: dry eye group, NDE: non dry eye group, CCT: central corneal thickness, ISV: index of
surface variance, IVA: index of vertical asymmetry, IHA: index of height asymmetry, IHD: index of height

decentration
*the independent sample t-test was used
**the Mann-Whitney U test was used

Table 3. Linear regression analysis results

CCT IHD ISV IHA IVA
Coef; P Coef; P Coef; P Coef; P Coef; P
Age -1.279; 0.045 0; 0.454 -0.08; 0.213 -0.088; 0.310 0; 0.566
Sex -9.486; 0.206 -0.001;0.615 -2.097;0.007 0.297;0.77 -0.013;0.166
Spherical Equivalent -0.971; 0.657 0; 0.306 -0.199; 0.368 -0.402; 0.179 0.003; 0.257
Mean keratometry -2.289; 0.412 0; 0.522 0.446; 0.115 -0.189; 0.618 -0.002; 0.516
Dry Eye 10.651; 0.148 -0.003;0.001 -2.225;<0.001 -2.278; 0.025 -0.026; <0.001

Abbreviations: CCT: central corneal thickness, ISV: index of surface variance, IVA: index of vertical asymmetry, IHA: index of height asymmetry,

IHD: index of height decentration

Discussion

This study was conducted to evaluate the effect of
DED on CCT and corneal topographic indices. Most of
the studies evaluating the effect of dry eye on the
corneal surface have used reflection-based instruments,
and because these systems are based on tear film
reflection, it seems that their data are more affected by
the tear film than the corneal tissue. On the other hand,

due to the importance of the dry eye in corneal health
and visual quality, this study can add to the existing
knowledge of DED and its effects on the corneal
surface. As mentioned in the Results section, the
Pentacam results showed markedly more irregularity in
the corneal surface of DED patients, which was
consistent with the results of studies using reflection-
based systems.

Previous studies using videokeratoscopy found that
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corneal  surface irregularity indices increased
significantly in patients with DED compared to normal
subjects (6,7). Goto et al., concluded that poor tear film
stability could increase corneal surface irregularity
indices (14). De Paiva et al., found that surface
regularity index (SRI) and surface asymmetry index (15)
derived from reflection-based corneal videokeratoscopy
could be used as objective diagnostic indices for DED
(6). According to the finding of the present study, the
topometric data of the Pentacam also showed increased
irregularity of the anterior corneal surface. The higher
corneal surface irregularity values in DED could be one
of the reasons for blurred and fluctuating vision,
decreased contrast sensitivity, and photophobia
experienced by patients with aqueous tear deficiency
(7).

The suggested reasons for the increased corneal
surface irregularity in DED include tear film
abnormalities and diseased corneal epithelium. Tear
deficiency can damage the ocular surface, leading to
epithelial disruption (8). Some previous studies found
irregular and opaque superficial epithelial cells in DED
(16). These epithelial layer changes can increase
irregularity in the anterior corneal surface. Although
corneal epitheliopathy was not evaluated in this study,
due to the minor effects of the tear film on the
backscattering light from the cornea, it seems that
corneal surface pathologies such as corneal punctate
epitheliopathy may be the major cause of higher
topometric indices measured by the Pentacam (17).

The results showed that the mean CCT value was 9 p
thinner in the DE group, although the difference was not
statistically significant. The literature is controversial
regarding the effect of DED on CCT. Some studies
showed decreased CCT in DED subjects (10,18,19),
whereas some other studies found no significant
differences in CCT between dry and non-dry eye
patients (9,11). However, almost all studies reported
lower CCT values in DED.

Various factors have been proposed for the effect of
DED on corneal thickness. One of the proposed factors
is reduced tear film thickness due to excessive
evaporation (18,20). Tear film thickness normally
ranges from 3 to 40 p (15,21,22). Na Hee Kang et al.,
found reduced precorneal tear film thickness in dry eyes
versus normal eyes using Scheimpflug imaging (23),
and Dayanir et al., found that corneal drying reduced the
corneal thickness. In their study, after one minute
without blinking, the mean CCT measured by ultrasound
decreased by about 16 1 (24). Other factors contributing
to a decreased CCT in dry eyes include generalized
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corneal thinning induced by chronic exposure to
hyperosmotic tear film in dry eyes (25), apoptosis of
ocular surface cells as a consequence of an
inflammatory process in DE (26), and corneal stromal
thinning due to apoptosis as well as increased
proteolytic activity at the stromal level (27).

Among these reasons, tear film thickness could be
easily affected by the CCT measurement method. If we
accept that reduced tear film thickness can decrease the
measured corneal thickness, different methods could
produce different results depending on the effect of the
tear film on the measurement. In ultrasonic pachymetry,
the precorneal tear film may be pushed away easily by
the applanation force of the probe (28), so tear film
thickness has a minor effect on CCT measured by
ultrasonic pachymetry. However, some optical devices,
such as the Orbscan, include the tear film thickness in
CCT measurement. The Orbscan assesses the corneal
thickness by calculating the distance between the
anterior and posterior corneal surfaces. The anterior
corneal surface is, in fact, the air/tear film interface, not
the surface of the corneal epithelium (18). Therefore, the
Orbscan usually produces higher CCT values compared
to ultrasound pachymetry (29). Similarly, Han YS et al.,
concluded that the corneal thickness measured by
Orbscan pachymetry was more affected by DE
compared to ultrasonic pachymetry measurements (30).
The Pentacam system measures the corneal thickness
from the backscattered light from the corneal tissue, and
corneal thickness is calculated from the epithelium to
the endothelium. More importantly, it does not measure
the tear film (12,31). Consequently, by excluding the
tear film thickness, the difference in CCT between
normal and dry eyes may be lower in the Pentacam
compared to other methods like the Orbscan.

Overall, it can be concluded that dry eye increases
corneal surface irregularity, but it has no effects on
CCT. It is suggested that corneal layer imaging, like
confocal microscopy, be used for the more accurate
evaluation of the effect of dry eye on the corneal tissue.
Because this study had a cross-sectional design, the
post-treatment data of DED were not available. It is
suggested that changes in the CCT and the topometric
parameters be investigated before and after DED
treatment in future studies.

References
1. Montés-Mic6 R, Cervifio A, Ferrer-Blasco T, Garcia-

Lazaro S, Madrid-Costa D. The tear film and the optical
quality of the eye. Ocul Surf 2010;8:185-92.



10.

11.

12.

13.

14.

15.

16.

17.

Craig JP, Nichols KK, Akpek EK, Caffery B, Dua HS,
Joo CK, et al. TFOS DEWS Il Definition and
Classification Report. Ocul Surf 2017;15:276-83.
Pflugfelder SC. Tear fluid influence on the ocular surface.
Adv Exp Med Biol 1998;438:611-7.

Miljanovi¢ B, Dana R, Sullivan DA, Schaumberg DA.
Impact of dry eye syndrome on vision-related quality of
life. Am J Ophthalmol 2007;143:409-15.

Stapleton F, Alves M, Bunya VY, Jalbert I, Lekhanont K,
Malet F, et al. TFOS DEWS Il Epidemiology Report.
Ocul Surf 2017;15:334-65.

Liu Z, Pflugfelder SC. Corneal surface regularity and the
effect of artificial tears in aqueous tear deficiency.
Ophthalmology 1999;106:939-43.

Ozkan Y, Bozkurt B, Gedik S, Irke¢ M, Orhan M.
Corneal topographical study of the effect of lacrimal
punctum occlusion on corneal surface regularity in dry
eye patients. Eur J Ophthalmol 2001;11:116-9.

de Paiva CS, Lindsey JL, Pflugfelder SC. Assessing the
severity of keratitis sicca with videokeratoscopic indices.
Ophthalmology 2003;110:1102-9.

Pole JJ, Batzer JK. Central corneal thickness of patients
with dry eyes. J Am Optom Assoc 1985;56:220-1.
Hovding G. The central corneal thickness in
keratoconjunctivitis sicca. Acta Ophthalmol (Copenh)
1992;70:108-10.

Cingli AK, Cmar Y, Tiirtkci FM, Sahin M, Kaya S,
Bozkurt M, et al. Evaluation of corneal parameters with
scheimpflug imaging in patients with rheumatoid arthritis.
Ocul Immunol Inflamm 2013;21:360-5.

Al-Mezaine HS, Al-Amro SA, Kangave D, Sadaawy A,
Wehaib TA, Al-Obeidan S. Comparison between central
corneal thickness measurements by oculus pentacam and
ultrasonic pachymetry. Int Ophthalmol 2008;28:333-8.
Jain R, Grewal S. Pentacam: principle and clinical
applications. J Curr Glaucoma Pract 2009;3:20-32.

Goto T, Klyce SD, Zheng X, Maeda N, Kuroda T, Ide C.
Gender- and age-related differences in corneal
topography. Cornea 2001;20:270-6.

Mishima S. Some Physiological Aspects of the Precorneal
Tear Film. Arch Ophthalmol 1965;73:233-41.

Chen JJ, Rao K, Pflugfelder SC. Corneal epithelial
opacity in dysfunctional tear syndrome. Am J Ophthalmol
2009;148:376-82.

Huang FC, Tseng SH, Shih MH, Chen FK. Effect of
artificial tears on corneal surface regularity, contrast
sensitivity, and glare disability in dry eyes.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

M. Siyahkamari, et al.

Ophthalmology 2002;109:1934-40.

Liu Z, Pflugfelder SC. Corneal thickness is reduced in dry
eye. Cornea 1999;18:403-7.

Sanchis-Gimeno JA, Lled-Pérez A, Alonso L, Rahhal
MS, Martinez-Soriano F. Reduced corneal thickness
values in postmenopausal women with dry eye. Cornea
2005;24:39-44.

Akyol-Salman 1, Azizi S, Mumcu U, Ondas O, Baykal O.
Central corneal thickness in patients with meibomian
gland dysfunction. Clin Exp Optom 2011;94:464-7.
Prydal JI, Artal P, Woon H, Campbell FW. Study of
human precorneal tear film thickness and structure using
laser interferometry. Invest Ophthalmol Vis Sci
1992;33:2006-11.

King-Smith PE, Fink BA, Hill RM, Koelling KW,
Tiffany JM. The thickness of the tear film. Curr Eye Res
2004;29:357-68.

Kang NH, Park YG, Jun RM. Measurement of Precorneal
Tear Film Using Scheimpflug Camera and Relationship
with Parameters for Dry Eye. J Korean Ophthalmol Soc
2015;56:1699-705.

Dayanir V, Sakarya R, Ozcura F, Kir E, Aktung T, Ozkan
BS, et al. Effect of corneal drying on central corneal
thickness. J Glaucoma 2004;13:6-8.

Gilbard JP, Farris RL, Santamaria J 2nd. Osmolarity of
tear microvolumes in keratoconjunctivitis sicca. Arch
Ophthalmol 1978;96:677-81.

Yeh S, Song XJ, Farley W, Li DQ, Stern ME, Pflugfelder
SC. Apoptosis of ocular surface cells in experimentally
induced dry eye. Invest Ophthalmol Vis Sci 2003;44:124-
9.

Villani E, Galimberti D, Viola F, Mapelli C, Ratiglia R.
The cornea in Sjogren's syndrome: an in vivo confocal
study. Invest Ophthalmol Vis Sci 2007;48:2017-22.
Nissen J, Hjortdal JO, Ehlers N, Frost-Larsen K, Sgrensen
T. A clinical comparison of optical and ultrasonic
pachometry. Acta Ophthalmol (Copenh) 1991;69:659-63.
Cairns G, McGhee CN. Orbscan computerized
topography: attributes, applications, and limitations. J
Cataract Refract Surg 2005;31:205-20.

Han YS, Ahn JH, Lew HM. The effects of dry eye on the
corneal thickness measured by orbscan and ultrasonic
pachymetry. J Korean Ophthalmol Soc 2002;43:17-22.
Hirnschall N, Crnej A, Gangwani V, Findl O. Effect of
fluorescein dye staining of the tear film on Scheimpflug
measurements of central corneal thickness. Cornea
2012;31:18-20.

Acta Medica Iranica, Vol. 60, No. 12 (2022) 781



