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Abstract

Purpose To evaluate the thickness of anterior sclera
and corneal layers in patients with systemic sclerosis.
Methods The present cross-sectional study included
41 patients with systemic sclerosis and 41 age- and
gender-matched healthy controls. The study and con-
trol groups were compared in terms of the thickness
of anterior sclera, corneal epithelium, Bowman’s
layer, corneal stroma, and Descemet’s membrane-
endothelium complex. The thickness measurements
were obtained using the anterior segment module of
spectral-domain optical coherence tomography.
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Results The thickness of anterior sclera, cor-
neal epithelium, Bowman’s layer, and Descemet’s
membrane-endothelium complex were similar in the
patients with systemic sclerosis and healthy controls
(P>0.05). Total corneal thickness at the apex was
511.1+£33.5 pum in the systemic sclerosis group and
528.4+29.5 ym in the control group (P=0.015). The
corneal stroma was thinner in the systemic sclerosis
patients compared to the healthy controls (P=0.02).
Conclusions The corneal stroma was thinner in the
patients with systemic sclerosis compared to that of
healthy controls, while the thickness of the anterior
sclera was similar in both groups.
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Introduction

Systemic sclerosis (scleroderma) is a multi-organ
disease characterized by vasculopathy and fibroblast
dysfunction of the skin and internal organs [1, 2].
The disease mechanisms involve fibrosis, vascular
ischemia, and immunologic response abnormality [3].
The pathogenesis of systemic sclerosis is not fully
understood yet, but it is accepted that autoimmunity
plays a role [4]. Clinical manifestations of systemic
sclerosis may vary greatly including disorders of skin,
lungs, vascular system, intestines, kidneys, and eyes
[1-4].
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The ocular findings of systemic sclerosis include
dry eye, corneal abnormalities, astigmatism, eyelid
skin changes, anterior uveitis, cataract, retinal micro-
vascular disorders, choroidal thinning, and optic
neuritis [5-13]. Corneal abnormalities in systemic
sclerosis include thinning of the central cornea, kera-
toconjunctivitis sicca, steep cornea, and a high cor-
neal resistance factor [11, 14, 15]. Although several
studies have reported ocular findings in systemic scle-
rosis, there is a gap in data regarding the thickness of
the corneal layers and anterior sclera.

The present study aimed to evaluate the thickness
of the anterior sclera and corneal layers in patients
with systemic sclerosis using anterior segment optical
coherence tomography (OCT). In addition, dry eye
status was assessed by performing the Schirmer 1 and
tear breakup time tests. The hypothesis was that the
corneal stroma and anterior sclera may be affected in
systemic sclerosis, because this disease is associated
with abnormal collagen production and the above tis-
sues are mainly composed of collagen. The present
study is the first in the literature which investigates
the thickness of sclera and individual corneal layers
in systemic sclerosis.

Methods

Forty-one eyes of 41 patients with systemic sclero-
sis and 41 eyes of 41 healthy controls were included
in the study. The present study was comparative and
cross-sectional and was conducted at a tertiary setting
following the approval of the Institutional Review
Board. This research was done the principles of the
Declaration of Helsinki.

Study population

The study group (systemic sclerosis patients) was
diagnosed and initially evaluated in the rheumatol-
ogy division and was then referred to the eye clinic.
The patients were recruited as per the ‘2013 Ameri-
can college of theumatology/European league against
rheumatism collaborative initiative’ classification
criteria for systemic sclerosis [16]. The patients in
the study and control groups did not have any other
systemic or ocular diseases. All participants under-
went a standardized ophthalmological examination
comprising autorefractometry measurement, visual
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acuity assessment, slit-lamp biomicroscopy, intraocu-
lar pressure measurement with air-puff tonometry,
Schirmer 1 test, tear breakup time test, retinal evalu-
ation with direct and indirect ophthalmoscopy, and
anterior segment OCT measurements. All subjects
had the best corrected visual acuity values of at least
20/20. Exclusion criteria were a history of ocular sur-
gery, systemic diseases other than systemic sclerosis,
and any ocular disease except for mild refractive error
or low-grade cataract. None of the participants were
on dry eye disease treatment before the study. In addi-
tion, those wearing contact lenses were also excluded,
because contact lenses may affect the studied param-
eters. The ocular measurements were taken during
the same period of the day (between 10:00 and 12:00
a.m.) in order to avoid diurnal variations. The left eye
of all subjects was evaluated.

Ocular examination techniques

The anterior segment module spectral-domain opti-
cal coherent tomography (ASSDOCT) (Spectra-
lis, version 6.0, Heidelberg, Germany) was used to
measure the thickness of the tear film, layers of cor-
nea, and anterior sclera using an add-on lens and the
associated software. An add-on lens was integrated
to the Spectralis device to measure anterior segment
structures.

Measurements of the thickness of the cornea and
anterior sclera were performed manually using caliber
tools in the Spectralis OCT (Fig. 1). A zoom ranging
from 600 to 800% was used to analyze the images.
Measurements of the preocular tear film and corneal
layers were obtained at the center of the cornea. Ante-
rior scleral thickness measurements were performed
at distances of 1 and 3 mm from the limbus (Fig. 2).
The conjunctiva was eliminated to measure scleral
thickness accurately. Only the temporal sclera was
chosen for analysis in all the participants to maintain
standardization.

All the corneal and scleral thickness measurements
were performed by a single researcher, and all the
examinations were performed by an experienced OCT
technician. Both the OCT examinations and manual
measurements were repeated at least three times, and
the highest quality images were selected and used for
the statistical analysis. A masked approach is pre-
ferred when measuring the thickness of the anterior
segment structures to avoid bias.
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Fig. 1 An example of how
the thickness of the preocu-
lar tear film and layers of
the cornea were measured

1001 pm

| 200 pm

Fig. 2 How to measure anterior scleral thickness

A filter paper of size 35X 5 mm curved at one end
was placed in the lower conjunctival sac following a
drop of topical anesthetic to perform the Schirmer 1
test. For correct reading of the Schirmer test, excess
tears were removed before starting the test. Tear
breakup time was measured by applying a fluores-
cein drop to the eye and after a few blinks to spread
the fluorescein diffusely over the cornea, and the
pre-ocular tear film was examined using a slit-lamp

3002 ym

815 um

604 pm

biomicroscope in the presence of blue light. Dark
areas indicated ruptures of the tear film. Time elapsed
since the previous blink was recorded as tear breakup
time.

Statistical analysis

The Statistical Package of the Social Sciences
(SPSS, version 22.0, Chicago, IL) was used for the
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statistical analysis. Only one eye of each participant
was selected randomly for the analysis. Differences
between groups with P values less than 0.05 were
considered statistically significant. An independent
sample ¢ test was used to compare the studied param-
eters between the study and control groups. Pearson’s
correlation analysis was used to detect associations.
The Chi-square test was used for the analysis of cat-
egorical values.

Results

A total of 82 participants (41 patients with systemic
sclerosis and 41 healthy controls) were included in
the present study. The mean ages of the participants
in the systemic sclerosis and control groups were
48.0+12.4 years and 49.0+8.9 years, respectively
(P=0.68). There were 39 female and two male par-
ticipants in each group (P=1.00). The refractive
error, IOP, and results of the Schirmer 1 test and tear
breakup time test in the study and control groups
are shown in Table 1. The Schirmer 1 test and tear
breakup time test values were lower in the systemic
sclerosis patients than those of the healthy individuals
(P<0.001).

The thickness of the anterior sclera and corneal
layers in the systemic sclerosis and control groups

are shown in Table 2. The thickness of the anterior
sclera at 1 and 3 mm from the limbus did not differ
between the systemic sclerosis patients and healthy
controls (P>0.05). Although all the corneal sub-lay-
ers were found to be thinner in the systemic sclero-
sis group than those of the healthy controls, only the
corneal stroma was statistically significantly thinner
(P=0.02). Total corneal thickness at the apex was
511.14+33.5 um in the systemic sclerosis group and
528.4429.5 um in the control group (P=0.015).

When all the participants were included, the tear
film thickness was not correlated with the results
of the Schirmer 1 test or tear breakup time test
(P>0.05); however, the results of the Schirmer 1 test
and tear breakup time test were statistically signifi-
cantly correlated with each other (r=0.71, P <0.001).
The corneal stromal thickness and anterior scle-
ral thickness were correlated with each other in the
systemic sclerosis group (at 1 mm from the limbus;
r=0.37; P=0.02, and at 3 mm from the limbus;
r=0.37; P=0.02) but not in the healthy controls
(P>0.05).

Discussion

The results of the present study showed that the thick-
ness of anterior sclera, corneal epithelium, Bowman’s

Table 1 The mean values

. Systemic sclerosis ~ Control group (n=41) P value
of refractive error, IOP, (n=41)
Schirmer test, and TBUT
te?t resglts i(rll the syitemic Refractive error (diopters) —0.14+0.79 0.13+0.75 0.11
sclerosis and control groups IOP (mmHg) 14.6+2.6 142424 0.51
Schirmer 1 test (mm) 6.0+3.6 12.0+5.9 <0.001
{OP intraocular pressure, TBUT (seconds) 52426 10.9+4.4 <0.001
TBUT tear breakup time
T&?ble 2 The mean valu?s Systemic sclero-  Control group (n=41) P value
thickness values of anterior sis (n=41)
sclera and corneal layers in
the Sysltemic sclerosis and Sclera—1 mm from limbus (um) 595.3+64.1 597.8+62.4 0.86
controf groups Sclera-3 mm from limbus (um) 591.0+61.1 600.3+59.8 0.49
Tear film (um) 18.6+2.5 19.2+22 0.29
Corneal epithelium (um) 34.0+2.7 345+3.4 0.45
Bowman layer (um) 13.7+1.2 14.1+1.3 0.23
Memb membrane, Endoth Corneal stroma (um) 4478+33.9 464.1+30.0 0.02*
corneal endothelium
Descemet’s memb. & Endoth. (um) 153+1.4 153+0.9 0.93

*Statistically significant
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layer, and Descemet’s membrane-endothelium com-
plex were similar in the patients with systemic scle-
rosis and healthy controls, while the corneal stroma
was thinner in the systemic sclerosis patients. Since
systemic sclerosis is a disease characterized by exces-
sive accumulation of collagen, alterations of the ocu-
lar surface structures including the sclera and cornea
should be expected, because of the high collagen con-
tent in these tissues.

It might be expected to notice alterations in scle-
ral thickness in the patients with systemic sclerosis,
because scleral collagen is similar to skin collagen in
terms of composition and arrangement [17]. However,
we found that the anterior sclera was only slightly
thinner (approximately 1%) in the study group com-
pared to the control group, with a statistically insig-
nificant difference. Mabon et al. [18] reported a case
of systemic sclerosis with bilateral scleral pit. To the
best of our knowledge, this study is the first to evalu-
ate scleral thickness in systemic sclerosis.

There are several reports in the literature involv-
ing corneal thickness measurements in systemic
sclerosis [19-21]. Gomes et al. [19] found that cen-
tral corneal thickness decreased by 7.2 um between
the first and second measurements in systemic scle-
rosis. In another study, it was reported that cor-
neal thickness in patients with systemic sclerosis
was similar to healthy individuals in the right eye
(534.9, 533.0 um) and left eye (536.9, 533.1 pum)
compared to healthy individuals [20]. Nagy et al.
[21] found that pachymetry and corneal volume
were significantly lower in the patients with sys-
temic sclerosis than in the healthy individuals. In
this study, it was reported that the central corneal
thickness in patients with systemic sclerosis was
lower in the right eye (547.2, 567.7 ym) and in
the left eye (550.6, 566.7 um) Similar to most of
the previous reports, total corneal thickness at the
apex was thinner in systemic sclerosis in the pre-
sent study. We further investigated the layers of
cornea and found that the corneal stroma is thinner
in systemic sclerosis. This outcome might indicate
the alterations in corneal stromal collagen and the
ability to maintain water content of the stroma in
systemic sclerosis. The mean thickness of corneal
epithelium in the previous studies (54.60+4.25,
54.10+2.80 um) were found to be larger than that
of our measurements [22, 23]. That outcome might

have occurred due to the elimination of tear film
while measuring the epithelium thickness in the
present study. Approximately half of the patients
(37-79%) with systemic sclerosis suffer from dry
eye disease [5]. Tear breakup time and Schirmer 1
test scores were found to be lower in systemic scle-
rosis. In this study, the mean Schirmer I test values
in systemic sclerosis patients were 5.39 mm/5 min,
while it was 14.34 mm/5 min in the control group.
While the mean tear film breakup time was 5.16 s
in systemic sclerosis patients, it was 11.03 s in the
control group [24]. Consistent with previous reports
(5.3+£3.1, 5.9+2.5), our results (6.0+3.6) showed
that patients with systemic sclerosis were prone to
dry eyes with Schirmer test findings. [24, 25]. On
the other hand, the tear film thickness measured
via the anterior segment spectral-domain OCT was
found similar in the systemic sclerosis patients and
healthy individuals in the present study. This out-
come might reflect a deficiency of the anterior seg-
ment spectral-domain OCT in measuring the tear
film thickness. Some technical restrictions might
occur in that case since the reflectance is high in the
interface of air and tear film.

The present study has several limitations. A lon-
gitudinal follow-up study might have enabled us
to evaluate the ocular changes over time. Also, the
measurements of corneal endothelial cell density,
corneal optical densitometry, and corneal hyster-
esis might have increased the impact of the present
study. In terms of clinical importance, the outcomes
of the present study may suggest to take into con-
sideration the corneal thickness changes while eval-
uating corneal refractive surgery candidates or glau-
coma suspects in systemic sclerosis.

In conclusion, this study showed that the corneal
stroma was thinner in systemic sclerosis, but the
thicknesses of the other corneal layers were similar
in the patients with systemic sclerosis and healthy
individuals. Anterior scleral thickness measure-
ments did not differ in the normal persons and sys-
temic sclerosis patients. The patients with systemic
sclerosis showed a tendency to dry eye disease. In
patients with systemic sclerosis, studies with larger
series are needed to distinguish whether this thin-
ning is due to stromal thinning due to dry eye or if
there are different specific mechanisms.

Funding No funding was received for this research.

@ Springer



137 Page 6 of 6

Int Ophthalmol (2024) 44:137

Declarations

Conflict of interest The author declare that no conflict of in-
terest.

Ethical approval Ethics committee approval was obtained for
the study.

Informed consent Informed consent was obtained from all
individual participants included in the study.

References

1. Fischer A, Zimovetz E, Ling C et al (2017) Humanistic
and cost burden of systemic sclerosis: a review of the lit-
erature. Autoimmun Rev 16:1147-1154

2. Kumanovics G, Pentek M, Bae S et al (2017) Assessment
of skin involvement in systemic sclerosis. Rheumatology
(Oxford) 56:v53—v66. https://doi.org/10.1093/rheumatolo
gy/kex202

3. Romanowska-Préchnicka K, Walczyk M, Olesiiska M
(2016) Recognizing systemic sclerosis: comparative anal-
ysis of various sets of classification criteria. Reumatologia
54:296-305

4. Postlethwaite AE, Harris LJ, Raza SH et al (2010) Phar-
macotherapy of systemic sclerosis. Expert Opin Pharma-
cother 11:789-806

5. de Gomes BAF, Santhiago MR, de Azevedo MN, Moraes
HV Jr (2012) Evaluation of dry eye signs and symptoms
in patients with systemic sclerosis. Graefes Arch Clin Exp
Ophthalmol 250:1051-1056

6. Gomes Bde A, Santhiago MR, Magalhiaes P et al (2011)
Ocular findings in patients with systemic sclerosis. Clinics
(Sao Paulo) 66:379-385

7. Ingegnoli F, Gualtierotti R, Pierro L et al (2015) Acute
study group. Choroidal impairment and macular thinning
in patients with systemic sclerosis: the acute study. Micro-
vasc Res 97:31-36

8. Moulick A, Sarkar BS, Jana A et al (2013) Systemic
sclerosis presenting with simultaneous retinal vasculi-
tis in one eye and optic neuritis in the other along with
severe immune haemolytic anaemia. J Clin Diagn Res
7:2978-2980

9. Bolad W (2013) Anterior uveitis in a patient with sclero-
derma: a case report. Ocul Immunol Inflamm 21:11-12

10. Coskun E, Zengin O, Kenan S et al (2016) Evaluation
of choroidal thickness in patients with scleroderma. Eye
(Lond) 30:588-592

11. Sahin Atik S, Koc F, Akin Sari S et al (2016) Anterior
segment parameters and eyelids in systemic sclerosis. Int
Ophthalmol 36:577-583

12. Tailor R, Gupta A, Herrick A, Kwartz J (2009) Ocu-
lar manifestations of scleroderma. Surv Ophthalmol
54:292-304

13. Waszczykowska A, Gos R, Waszczykowska E et al (2013)
Prevalence of ocular manifestations in systemic sclerosis
patients. Arch Med Sci 9:1107-1113

@ Springer

14. Gomes BF, Santhiago MR, Kara-Junior N, Moraes HV
Jr (2018) Evaluation of corneal parameters with dual
Scheimpflug imaging in patients with systemic sclerosis.
Curr Eye Res 43:451-454

15. Emre S, Kayik¢ioglu O, Ates H et al (2010) Corneal hys-
teresis, corneal resistance factor, and intraocular pres-
sure measurement in patients with scleroderma using the
reichert ocular response analyzer. Cornea 29:628-631

16. van den Hoogen F, Khanna D, Fransen J et al (2013) 2013
classification criteria for systemic sclerosis: an Ameri-
can college of Rheumatology/European League against
Rheumatism collaborative initiative. Arthritis Rheum
65:2737-2747

17. Meek KM (2008) The cornea and sclera. In: Fratzl P,
Verdonk R (eds) Collagen. Structure and mechanics.
Springer, New York

18. Mabon M, Whitcher JP, Anderson R (1999) Bilateral scle-
ral pit associated with systemic sclerosis. Am J Ophthal-
mol 128:521-522

19. Gomes BF, Santhiago MR, Gomes SF et al (2016) Longi-
tudinal evaluation of central corneal thickness in patients
with systemic sclerosis. Cornea 35:1584-1588

20. Gomes Bde A, Santhiago MR, Kara-Junior N et al (2011)
Central corneal thickness in patients with systemic sclero-
sis: a controlled study. Cornea 30:1125-1128

21. Nagy A, Rentka A, Nemeth G et al (2019) Corneal mani-
festations of systemic sclerosis. Ocul Immunol Inflamm
27:968-977

22. Loépez de la Fuente C, Sanchez-Cano A, Segura F et al
(2016) Evaluation of total corneal thickness and corneal
layers with spectral-domain optical coherence tomogra-
phy. J Refract Surg 32:27-32

23. Beer F, Wartak A, Pircher N et al (2018) Mapping of cor-
neal layer thicknesses with polarization-sensitive optical
coherence tomography using a conical scan pattern. Invest
Ophthalmol Vis Sci 59:5579-5588

24. Rentka A, Nagy A, Harsfalvi J et al (2017) Association
between objective signs and subjective symptoms of dry
eye disease in patients with systemic sclerosis. Rheumatol
Int 37:1835-1845

25. Ayhan Z, Kaya M, Ozturk T et al (2019) Association
between skin thickness measurements with corneal bio-
mechanical properties and dry eye tests in systemic sclero-
sis. Ocul Immunol Inflamm 27:1138-1143

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

Springer Nature or its licensor (e.g. a society or other partner)
holds exclusive rights to this article under a publishing
agreement with the author(s) or other rightsholder(s); author
self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement
and applicable law.


https://doi.org/10.1093/rheumatology/kex202
https://doi.org/10.1093/rheumatology/kex202

	Thickness of anterior sclera and corneal layers in systemic sclerosis
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study population
	Ocular examination techniques
	Statistical analysis

	Results
	Discussion
	References


