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Purpose:We sought to investigate corneal reflectivity inMarfan syndrome (MFS) on the
basis of Scheimpflug light intensity distribution.

Methods: In a retrospective case-control analysis, the left eyes of 40 MFS patients
and 40 age- and refraction-matched healthy controls were investigated. Patients with
MFS meeting the Ghent II diagnostic criteria and with genetic confirmation of disease
were included. Exclusion criteria were the following: coexisting corneal, conjunctival, or
scleral pathology; use of medication known to affect corneal transparency; history of
ocular surgery; and insufficient data. Scheimpflug tomography images were exported
to analyze corneal transparency in different corneal layers and regions. Each corneal
image was automatically segmented, after which the corresponding pixel intensities in
the defined regions of interest were statistically modeled using a Weibull probability
density function from which parameters α (transparency) and β (homogeneity) were
derived.

Results: The cornea inMFS showed significantly higher light reflectivity (overall cornea,
α = 71 ± 17 arbitrary units (a.u.)) than in the control group (overall cornea, α = 59 ±
15 a.u.) (t test, P = 0.003). The α parameter was significantly higher in MFS eyes in all
examined layers and regions (P < 0.05), whereas the β parameter showed no statistical
difference between MFS and controls (P > 0.05). The difference in α did not correlate
with ocular biometric properties (corneal thickness and curvature) or ectopia lentis (P>
0.05).

Conclusions: The cornea in MFS shows significantly higher reflectivity than healthy
controls with similar levels of homogeneity.

Translational Relevance: The proposed methodology detects corneal reflectivity
changes in MFS not available from regular slit-lamp examination.

Introduction

Marfan syndrome (MFS) is an autosomal dominant
connective tissue disorder caused by mutations in the
FBN1 gene on chromosome 15, which encodes the
fibrillin-1 protein.1 It is characterized by abnormali-
ties of the musculoskeletal, cardiovascular, and ocular
systems, linked to altered biomechanical properties in
tissues containing elastic material.1 Diagnosis is mainly
clinical and based on the Ghent II Nosology, updated

in 2010.2 Ectopia lentis (major diagnostic criterion)
and myopia >3 diopters (D) (minor criterion) are the
only ocular features included in revised criteria, present
in about 60% and 30%of MFS patients, respectively.2–4
A spectrum of other ocular abnormalities has been
recognized in MFS, including increased axial length,
thinning and flattening of the cornea, iris abnormal-
ities, and retinal detachment.3–6 Fibrillin-1 polymers
form the structural scaffold of extracellular, extensible
microfibrils, which play a critical role in the strength
and elasticity of ocular connective tissues, including

Copyright 2021 The Authors
tvst.arvojournals.org | ISSN: 2164-2591 1

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

mailto:alejandra.consejo@unizar.es
https://doi.org/10.1167/tvst.10.9.34
http://creativecommons.org/licenses/by-nc-nd/4.0/


Corneal Reflectivity in Marfan Syndrome TVST | August 2021 | Vol. 10 | No. 9 | Article 34 | 2

the ciliary zonules and the cornea.7,8 Gene defects in
FBN1 lead to decreased and disordered incorporation
of fibrillin into the connective tissue matrix.9 Signif-
icant alterations to the corneal geometry have previ-
ously been demonstrated in MFS eyes: the cornea
in MFS tends to be flatter and thinner and exhibits
higher levels of corneal astigmatism as compared to
healthy controls.4,10,11 Relatively little is known about
the pathogenesis of these corneal abnormalities.

In recent years, image processing techniques on the
basis of statistical modeling of pixel intensity distri-
bution have been used to gather information about
the reflectivity properties of tissues in vivo, ranging
from ultrasound scanning,12 optical coherence tomog-
raphy speckle,13 and, most recently, the light inten-
sity distribution of corneal Scheimpflug images.14–17
Scheimpflug-based systems such as the Pentacam HR
tomographer (Oculus Optikgeräte GmbH, Wetzlar,
Germany) illuminate the cornea perpendicularly and
image corneal cross-sections. Statistical analysis of
the pixel intensity distribution in corneal Scheimpflug
images has been shown to successfully discriminate
mild keratoconus from control eyes14,15 and quantify
subclinical corneal changes associated with low-level
hypoxia caused by scleral contact lens wear16 and
age-related corneal changes.17 Microfibrils containing
fibrillin-1 play an important role in the viscoelastic
nature of the cornea, and therefore changes to this
microfibrillar structure may result in a different pattern
of light reflectivity by the cornea in MFS. The purpose
of this study was to evaluate the reflectivity of the
cornea inMFSwith a custom-made automatic method
on the basis of Scheimpflug imaging and to describe the
correlation with other MFS-associated ocular signs.

Methods

Subjects and Data Collection

This retrospective comparative analysis was
performed at the Department of Ophthalmology
of Ghent University Hospital, Ghent, Belgium.
Patients with a clinical diagnosis of MFS accord-
ing to the Ghent II Nosology2 and with genetic
confirmation of disease (proven heterozygous FBN1
mutation) were eligible for the study. The search
engine of the electronic patient database (EyeFile,
Aalter, Belgium) was used to identify MFS patients
who visited the department between 2014 and 2019.
Ophthalmic assessment included non-cycloplegic
autorefraction (Nidek Ark-510A, Nidek Co., Ltd,
Aichi, Japan), intraocular pressure (IOP) measure-
ments via Goldmann applanation tonometry, dilated

slit-lamp examination to assess lens subluxation,
axial length measurement (IOLMaster 700; Carl
Zeiss Meditec AG, Oberkochen, Germany) and
Scheimpflug-based corneal tomography (Pentacam
HR; Oculus, Wetzlar, Germany). In routine clinic, IOP
measurements are performed after Pentacam imaging,
to avoid interference of fluorescein staining of the tear
film. Exclusion criteria were the following: insufficient
quality of data (“OK” score on Pentacam HR was
required), presence of any corneal, conjunctival, or
scleral pathology, use of any medication known to
affect corneal transparency, and history of ocular
surgery. An age- and gender-matched control group,
for whom the same exclusion criteria applied, was
selected from the refractive clinic of the same hospital.
The study was approved by the Ethics Committee of
Ghent University Hospital and adhered to the tenets
of the Declaration of Helsinki.

Data Analysis

To assess corneal transparency, the densitometry
distribution analysis (DDA) was applied.17 To apply
the DDA, Scheimpflug images corresponding to the
horizontal corneal meridian (a fixed size of 400 ×
856 pixels) were exported for further analysis (i.e., 160
images in total = 80 subjects × 2 eyes/subject). The
DDA data analysis procedure has been explained in
detail elsewhere15 and essentially consists of two stages:
(i) corneal segmentation and (ii) statistical modeling
of the pixel intensity distribution. Corneal segmen-
tation allows for the selection of pixels in the image
corresponding to the cornea, while separating them
from the background and other ocular components.
Subsequently, a region of interest (ROI) was extracted
automatically for statistical modeling.

A fixed horizontal (lateral) ROI dimension of 600
pixels (approximately equivalent to 8 mm) was used
for multilayer analysis, as indicated by Figure 1. To
avoid undesired border effects (strong limbal/scleral
reflections), the peripheral cornea (i.e., beyond 8 mm)
was not included in the ROI, in agreement with previ-
ous literature.16,17 As the epithelial border (Bowman’s
layer) is hardly visible on Scheimpflug images, it
was decided to use an epithelial depth equivalent to
12% of the entire central corneal thickness previously
delineated by corneal segmentation.18 This epithelial
layer was subtracted from the automatically delineated
anterior corneal profile (Fig. 1, left), as in previous
research.16,17 The same procedure was applied to the
posterior cornea, but the subtraction was done on the
basis of the automatically delineated posterior corneal
profile (Fig. 1, right). The central cornea, equivalent to
the corneal stroma, was bordered by the ranges defined
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Figure 1. ROIs for depth analysis. Yellow and red lines demarcate anterior and posterior boundaries for each layer, respectively. The horizon-
tal (lateral) ROI dimension was fixed to 600 pixels (approximately 8 mm). The vertical (axial) dimension of anterior, central and posterior
corneal layers was demarcated depending on corneal thickness. Blue dashed rectangles zoom in on the corneal apex to illustrate the demar-
cation of the different layers.

Figure 2. Sectors for regional analysis. Yellow and red lines demar-
cate anterior and posterior boundaries corresponding to the corneal
stroma. The blue arrow delineates the central cornea (central 2 mm),
green arrows mark the area from 2 to 6 mm and orange arrows
highlight the area from 6 to 8 mm.

by the anterior and posterior cornea (Fig. 1, center).
Consequently, the vertical (axial) dimension of the ROI
depended on corneal thickness.

For regional (lateral) analysis, a fixed vertical (axial)
dimension of the ROI was set for each subject corre-
sponding to their central cornea (stroma). In this
part of the analysis, image pixels corresponding to
corneal epithelium were omitted from the ROI as
they carried statistical information different from that
of the stroma.13 Five different ROIs were set, as
indicated by Figure 2. The center of the cornea corre-
sponded to the central 2 mm (blue double arrow in
Fig. 2), mid cornea corresponded to the area from 2 to
6 mm (green double arrows in Fig. 2) and the periph-
eral cornea corresponded to the area from 6 to 8 mm
(orange double arrows in Fig. 2). For statistical analy-
sis, the nasal and temporal area were averaged within

the corresponding section. Although ROIs differed in
number of pixels, previous research has demonstrated,
by means of bootstrap method, that the number of
pixels in a given ROI does not affect the assessment of
corneal transparency.15 In other words, corneal thick-
ness is not a confounding factor when applying the
DDA method.

Furthermore, pixels corresponding to a given ROI
were modeled using a distribution function, whereby
the pixel intensity indicates how bright a given pixel
is. The pixel intensity distribution of each ROI
was approximated by the two-parameter distribution
function that provides the best fit in the statistical
analysis of the Scheimpflug light intensity distribu-
tion, namely theWeibull probability density function.15
From this function, two parameters are extracted
(α and β) which account for tissue transparency. In
general, a change in the scale parameter (α) causes a
shift along the pixel intensity axis (x-axis): an increase
in α corresponds to an increase in pixel intensity (i.e.,
less transparent), and vice versa. A change in the shape
parameter (β) affects the width of the pixel intensity
distribution. The smaller β is, the greater the spread
of the pixel intensity distribution of a given image,
whereas a large β indicates greater similarity in pixel
intensities within a given image or ROI.16

In addition to the assessment of corneal trans-
parency in different corneal layers and regions, a
moving ROI was applied across the cornea to inves-
tigate regional changes in corneal transparency in
more detail, as explained elsewhere.16 The moving
ROI had a vertical (axial) dimension corresponding to
the central cornea (stroma) as shown in the middle
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image of Figure 1 and a horizontal (lateral) dimen-
sion of 11 pixels, covering the central 8 mm of the
cornea (i.e., moving from −4 mm to 4 mm) in steps of
1 pixel. An 11 pixel-length moving ROI was chosen
on the basis of previous research.16 Finally, and exclu-
sively for illustrative purposes, a subject from each
groupwas randomly selected to compare corneal trans-
parency of Marfan and control eyes at a glance. A
square moving ROI of 3 × 3 pixels was applied
to their corresponding corneal image, across their
central 8 mm of the cornea, covering their full corneal
thickness.

Statistical Analysis

The statistical analysis was performed using SPSS
statistics software (SPSS Inc, Chicago, IL, USA).
Normality of all sets of data was not rejected (Shapiro-
Wilk test, P > 0.05). Independent t-test, F-test of
equality of variances, and Pearson’s correlation coeffi-
cient (r) were used to assess relationships within the
continuous variables under investigation. The level of
significance was set to 0.05. As corneal transparency
values between right and left eyes of a subject are highly
correlated,19 eyes of the same subject were treated
separately and not combined for statistical analysis. In

Table 1. Descriptive Parameters of the Left Eyes of MFS and Control Participants

MFS Controls F-Test, P Value t-Test, P Value

Age (years) F(1,78) = 0.07, P = 0.79 0.94
32.4 ± 10.3 32.5 ± 10.9
[20, 52] [18, 58]

Refractive error (D) F(1,78) = 0.14, P = 0.71 0.54
−2.10 ± 3.70 −2.50 ± 3.40
[−11.50, 10.50] [−14.00, 3.00]

Kmean (D) F(1,78) = 2.29 , P = 0.13 <0.001*

41.4 ± 1.7 43.2 ± 1.3
[37.2, 44.7] [40.5, 46.9]

CCT (μm) F(1,78) = 0.02 , P = 0.88 <0.001*

531 ± 31 560 ± 32
[468, 602] [482, 627]

PPI Avg F(1,78) = 1.55, P = 0.22 0.97
0.93 ± 0.18 0.93 ± 0.14
[0.51, 1.60] [0.69, 1.34]

Axial length (mm) n/a n/a
24.2 ± 1.4 n/a
[21.3, 28.2] n/a

IOP (mm Hg) F(1,78) = 0.94, P = 0.33 0.41
13 ± 3 13 ± 3
[7, 20] [8, 18]

Pupil size (mm) F(1,78) = 7.8, P = 0.007 n/a
4.3 ± 1.8 3.8 ± 1.5
[2.0, 7.8] [2.5, 8.2]

ACD (mm) F(1,78) = 0.05, P = 0.82 0.007*

2.8 ± 0.4 3.1 ± 0.6
[1.3, 3.9] [2.4, 3.7]

The mean, standard deviation, and range in brackets are reported. The refractive error is listed as spherical equivalent, as
obtained via non-cycloplegic autorefraction. The MFS and control groups were compared using the F-test and independent
t-test. The condition of homogeneity of variance (homoscedasticity) was not met in pupil size, even following data transfor-
mation to a logarithmic scale and to reciprocals. Consequently, independent t-test and equivalent nonparametric tests could
not be computed to compare pupil size between groups.

n/a, not available; Kmean, mean anterior keratometry; CCT, central corneal thickness; PPI Avg, Average Pachymetric Progres-
sion Index; IOP, intraocular pressure; ACD anterior chamber depth.

*Statistically significant result.
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the Results section we report the findings for left eyes
only except where otherwise stated.

Results

Participants

In this study, eyes of 40 MFS subjects and
40 healthy participants were included, resulting in data
of 160 eyes in total. A subtle female predominance
was found in both groups (22/40; 55%). The MFS
and control participants were also matched in terms
of age, refractive error (reported as spherical equiv-
alent) and IOP. For descriptive purposes, the results
of biometrical parameters are shown in Table 1 for
MFS and control eyes. Of the included (left) eyes of
MFS patients, 15 (37.5%) displayed no signs of lens
subluxation (after dilated slit-lamp examination), 18
(45%) showed mild displacement of the crystalline lens
(only visible following pupillary dilation), six (15%)

Table 2. Group Mean Values ± Standard Deviation of
α, and β for the Left Eye of Marfan and control partici-
pants

MFS Controls P Value

Depth layers
Anterior

α 91 ± 19 77 ± 18 0.008*

β 2.5 ± 0.2 2.5 ± 0.2 0.90
Central

α 73 ± 18 60 ± 15 0.003*

β 3.0 ± 0.3 3.1 ± 0.3 0.60
Posterior

α 55 ± 15 45 ± 12 0.005*

β 4.3 ± 0.3 4.4 ± 0.3 0.27
Concentric regions
0–2 mm

α 70 ± 14 61 ± 12 0.007*

β 2.7 ± 0.3 2.8 ± 0.4 0.35
2–6 mm

α 61 ± 13 52 ± 11 0.004*

β 2.6 ± 0.2 2.6 ± 0.2 0.85
6–8 mm

α 82 ± 31 63 ± 24 0.006*

β 2.7 ± 0.5 2.8 ± 0.4 0.45
Overall

α 71 ± 17 59 ± 15 0.003*

β 2.7 ± 0.3 2.7 ± 0.3 0.51

α, β are expressed in arbitrary units. Values of both groups
were compared using the independent t-test.

*Statistically significant result.

had moderate lens subluxation (lens border visible in
the pupillary aperture before dilation, and in one eye
(2.5%) the lens had luxated into the vitreous.

Corneal Light Reflectivity

Findings pertaining to the Scheimpflug light distri-
bution analysis are listed in Table 2. Overall, the cornea
in MFS eyes was found to be more reflective (total
cornea, α = 71 ± 17 arbitrary units) than the cornea
in controls (total cornea, α = 59 ± 15 arbitrary units).
Of the two available parameters to account for corneal
reflectivity (α and β), α proved to be the most discrim-
inant parameter, whereas β showed no significantly
different result for any depth or region examined.
Consequently, additional focus was given to the α

parameter and its specific properties. The largest differ-
ence between MFS and control participants in terms
of reflectivity was found in the nasal area, as indicated
by Figure 3. For illustrative purposes, Figure 4 shows
the detailed distribution of the α and β parameter in
the central 8 mm of the cornea for a randomly selected
MFS and a matched control participant.

Correlation of Corneal Reflectivity With
Biometrical Parameters

As Table 3 indicates, corneal reflectivity was found
to be well correlated with age for both MFS (r(α) =
0.54, P < 0.001; r(β) = 0.50, P < 0.001) and control
participants (r(α) = 0.47, P < 0.001; r(β) = 0.49, P
< 0.001)). In addition, corneal reflectivity was found
to be moderately correlated with anterior chamber
depth (ACD) but only for control participants (r(α)
= −0.35, P = 0.012; r(β) = −0.40, P = 0.006). No
other significant correlationswere found betweenα and
β parameters and biometrical parameters. No corre-
lation was found between the level of lens subluxa-
tion (no/mild/moderate/luxation) and corneal reflectiv-
ity (all pairwise comparisons, independent t-test, P >

0.05).

Discussion

The present study reports on the in vivo assessment
of the light reflectivity of the cornea in MFS eyes. The
Scheimpflug-based analysis used in this study gener-
ates quantitative values of two parameters, whereby
the α parameter relates to pixel intensity and the β

parameter represents the uniformity of pixel intensi-
ties in an examined region.16 A distinct pattern of
changes in reflectivity was identified in MFS corneas.
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Figure 3. Mean value of the α parameter (top) and β parameter (bottom) for the stroma of MFS (in orange) and control eyes (in yellow) and
the difference between them (in purple) for the right (OD) and left eye (OS) of the central-8-mm cornea of the participants. Error bars indicate
the standard error. N, nasal; T, temporal.

Figure 4. Distribution of α (left) and β (right) parameter for the central 8 mm of the left cornea of an MFS participant (male, 49 years old)
and a control participant (female, 39 years old). The color bar is expressed in arbitrary units. N, nasal; T, temporal.

Significantly higher values of α were detected in MFS
as compared to control corneas. In contrast, no differ-
ence in the β parameter was found. These findings were
seen in all examined layers and regions of the cornea in
a rather consistent and uniform manner (as displayed
in Fig. 3). Hence, the MFS cornea reflects more light
than a normal cornea (i.e., is less transparent), but with
similar levels of homogeneity. The largest difference in

α parameter was seen in the nasal area, but the origin
of this trend remains unclear.

Corneal light transmission is governed by a highly
organized framework of cellular and extracellular
components.20 When divided by layer, the anterior
layer showed the highest reflectivity in both MFS and
control eyes, which aligns with prior studies on the
levels of backscattered light in the normal cornea.19
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Table 3. Pearson Correlation Between α Parameter and Different Biometrical Parameters

MFS Controls

Age (years) 0.54 (P < 0.001)* 0.47 (P < 0.001)*

Refractive error (D) 0.06 (P = 0.37) 0.15 (P = 0.18)
Kmean (D) −0.17 (P = 0.15) −0.04 (P = 0.39)
CCT (μm) −0.24 (P = 0.07) 0.00 (P = 0.50)
PPI Average 0.13 (P = 0.21) 0.40 (P = 0.16)
Axial length (mm) 0.05 (P = 0.38) N/A
IOP (mm Hg) 0.23 (P = 0.07) −0.23 (P = 0.07)
Pupil size (mm) −0.16 (P = 0.16) −0.09 (P = 0.28)
ACD (mm) −0.24 (P = 0.07) −0.35 (P = 0.012)*

n/a, not available; Kmean, mean anterior keratometry; CCT, central corneal thickness; PPI, Average Pachymetry progression
index; IOP, intraocular pressure; ACD anterior chamber depth.

*Statistically significant result.

Fibrillin-1 has been immunolocalized to the basement
membrane zone of the corneal epithelium, which may
account for the detected differences in transparency
between MFS and normal corneas in the anterior
layer.8

Stromal reflectivity is chiefly dependent on the
narrow, uniform diameter of collagen I fibrils and
the regularity of the spacing between these colla-
gen fibrils, which itself is regulated by the interac-
tion of collagen with interfibrillar proteoglycans.20 In
recent years, advanced imaging techniques have led to
novel insights into the presence and role of fibrillin-
1 containing microfibrils within the corneal stroma.21
In contrast with microfibrils in the sclera, which
carry an elastin core, the stroma of a normal human
cornea contains a network of elastin-free, fibrillin-1-
containing microfibrils, most abundant in the poste-
rior stroma and becoming progressively less present
anteriorly.22 In FBN 1+/− mouse corneas, significantly
reduced amounts of fibrillin-1-containing microfibrils
have been detected, as well as microfibril disorgani-
zation compared to controls, both at the adult and
late embryonic stage.22,23 The lens capsule in human
MFS patients has similarly showed both quantitative
and qualitative changes, with irregular and fragmented
bundles evident upon histologic analysis.24 In adult
FBN 1+/− mouse corneas, the interfibrillar spacing of
collagen fibrils has been shown to be increased, despite
the reduced corneal thickness, which indicates a lower
number of collagen lamellae in the adult FBN 1+/−
corneas compared to wild-type mice.22,23 The exact
cause of the altered collagen organization in MFS
remains unknown but may relate to the decreased
decorin levels or the higher TGF-β activity detected
in MFS corneas.23 The increased stromal reflectiv-
ity detected in MFS eyes in this study may reflect

the altered collagen architecture and consequently, the
optical properties of the stroma. In vivo confocal
microscopy (IVCM) of the cornea of MFS patients
have also demonstrated increased backscattering of
light at the level of the stroma because of a highly
reflective extracellular matrix of the stroma.10,25

Significantly higher α parameter values were also
detected in the posterior cornea in MFS eyes as
compared to controls in this study. Although no
fibrillin staining has been demonstrated in Descemet
membrane or the corneal endothelium in histopatho-
logic assessment of healthy eyes,8 IVCM has detected
changes to the endothelium inMFS corneas.10,25 Thin,
brightly reflective particles, not present in the control
group, were found in the corneal endothelium of MFS
corneas, reminiscent of the “black spots” detected in
the center of endothelial cells in MFS patients in an
older specular microscopy study.25,26 The exact nature
of these endothelial findings in MFS eyes remains
elusive.

The second aim of this study was to examine
the correlation between characteristics of corneal
light reflectivity and recognizedMFS-associated ocular
signs. The MFS cornea in this study was found
to be flatter and thinner as compared to controls,
which aligns with prior research, although conflicting
data regarding central corneal thickness in MFS are
found in literature.3–5,11 Previous studies on patients
with MFS showed an average axial length of 24.0–
25.0 mm,3–5 as detected in this cohort. None of the
included ocular parameters, including ectopia lentis,
were significantly correlated with the α parameter in
MFS.An age-related increase in corneal reflectivity was
detected in both the MFS and control group, the latter
aligning with previous research.17,19 It confirms the
need for age-matched groups when comparing corneal
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reflectivity, as was done in this study. In control
eyes, corneal reflectivity was also moderately corre-
lated with ACD. The ACD is known to correlate
strongly with age (decrease of ACD with age).27 This
finding may therefore be a confounder effect rather
than an actual correlation between variables, particu-
larly as it was only observed in the control group and
age showed a much stronger correlation (P < 0.001)
than ACD.

Changes to ocular biometric characteristics, includ-
ing corneal thinning and flattening, are typically more
pronounced in MFS eyes with ectopia lentis, whereas
eyes without overt lens subluxation remain diagnosti-
cally challenging.4,5,10 Similarly, corneal macroscopic
biomechanical properties, as studied with the Ocular
Response Analyzer (Reichert, Inc), were only found
to be significantly altered in MFS eyes with ectopia
lentis28 and MFS patients with high systemic score
points.29 The pattern of parameters α and β may aid
in diagnosing MFS eyes in the absence of overt clini-
cal signs such as ectopia lentis, particularly in conjunc-
tion with macroscopic corneal thickness and curvature
measurements retrieved from the same Scheimpflug
device. Given the known correlation of α with age,
age-adjusted formulas will be required to investigate
further the role of these parameters within a diagnostic
context.

Corneal backscatter has been quantified in a
number of ways, including backscatter measurements
on IVCM and corneal densitometry.19,30 For diagnos-
tic purposes, IVCM has major drawbacks. It requires
a specially trained physician to operate the micro-
scope and the repeatability of backscatter measure-
ments is known to be very low.30 Additionally, IVCM
is not widely available whereas Scheimpflug devices
are widespread across corneal clinics. The Scheimpflug-
based Ocular Pentacam includes a densitometry (DS)
analysis as an add-on to the standard software, which
offers data on the amount of backscattered light in
different regions of the cornea.19 The DS analysis
is platform-dependent (only available on the Penta-
cam HR) and is limited to providing a mean value
of the amount of backscattered light, rather than
the two separate parameters provided by the DDA,
based on Scheimpflug light distribution analysis, used
in this study. Additionally, the DDA method here
used has already shown to work with Scheimpflug
devices other than Pentacam HR,17 which highlights
the platform independency of the method. The analy-
sis of α and β was performed on a single corneal
meridian (horizontal meridian), whereas the Pentacam
HR module uses 25 meridians that are interpolated to
reconstruct a complete DS map. Although this could
be seen as a limitation of the current study, the ability

to extract corneal reflectivity measurements compa-
rable with those from DS based on a single image
has been already proven.17 In a previous work, α and
β (extracted from a single meridian) were found to
be well correlated with densitometry (calculated from
25 meridians), especially α (overall cornea; r = 0.89,
P < 0.001).17 One of the main limitations of this study
is the lack of axial length data in the control group.
Findings reported in this study should be confirmed
in a larger cohort. Previous studies on the Scheimpflug
light intensity distribution included normal and kerato-
conus eyes, in which eyes with mild keratoconus
showed a distinctly different pattern as described in
MFS corneas in this study.14,15 It would be of particu-
lar interest to compare findings inMFS eyes with other
hereditary connective tissue diseases, such as Ehlers-
Danlos syndrome to investigate the disease-specific
nature of findings reported in this study.

In summary, significant changes to the corneal
light intensity distribution were detected in MFS eyes
compared to age-matched controls. In all corneal layers
and regions examined, higher levels of light backscatter
were detected inMFS-affected corneas. This increase in
light reflectivity was found to be independent of other
MFS-associated ocular characteristics.
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