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Purpose: To test a new quantitative metric focused on the evaluation of dome-shaped
macula curvature (DSMC); to assess its clinical role in evaluating round (R-DSM), vertical
(V-DSM), and horizontal (H-DSM) DSM types; and to examine its relationships with other
ocular parameters.

Methods: Patients affected by DSM secondary to high myopia were included in this
cross-sectional, observational case study. DSMC was calculated by measuring the base
(chord length) and height (distance from the chord to the apex) of the DSM. These
measurements were used to determine the radius (R) of the hypothetical circle repre-
senting the curvature of the DSM. Curvature (K) was then calculated as the reciprocal of
R. In addition,wemeasuredchoroidal thickness (CT), best-correctedvisual acuity (BCVA),
and spherical equivalent (SE) to assess its potential relationship with DSMC.

Results: A total of 125 eyes from 107 patients (25 males, 23%) were included, with a
mean ageof 65.67± 13.51 years. DSMsubtypes—categorized as 57 R-DSMeyes (45.6%),
58 H-DSM eyes (46.4%), and 10 V-DSM eyes (8%)—showed significantly different DSMC
(P = 0.039), with R-DSM showing the highest DSMC values. Conversely, V-DSM and
H-DSMwere characterizedby similarDSMC. Subfoveal CT showeda strong inverse corre-
lation with DSMC (P < 0.0001; r = −0.60), with a consistent reduction in CT as curva-
ture increased. DSMCwas also significantly associatedwith SE, with higher DSMC values
corresponding to greater myopic refractive errors (P = 0.009; r = −0.21).

Conclusions: DSMCmay be considered a reliable and reproducible quantitative metric
to analyze DSM subtypes. The association of DSMC with CT highlights the influence of
scleral curvature on choroidalmorphology and trophism, paving theway for future new
outcome measures.

Translational Relevance: DSMC provides an objective and reproducible method to
evaluateDSMmorphology across subtypes (round, vertical, andhorizontal). By quantify-
ing curvature throughOCT-basedparameters, thismetric enables standardized compar-
isons and enhances the clinical characterization of DSM. Furthermore, the study
provides insights into the disease mechanisms by uncovering significant associations
between DSMC and choroidal thickness.

Introduction

A dome-shaped macula (DSM) is defined as a
convex, curved, and elevated macular profile within
the concavity of the staphyloma,1 commonly observed

in high myopia. Although its pathogenesis remains
unclear, it has been associated with localized scleral
thickening.2,3Its occurrence varies with ethnicity,1,4
with the greatest prevalence in Asian populations,
corresponding to at least 20% of cases5; however, it is
also described in hyperopic, emmetropic, and moder-
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ately myopic eyes.6,7 DSM has been associated with
several complications, including serous retinal detach-
ment (SRD), choroidal neovascularization (CNV), and
vitreomacular interface disorders.1,5,8,9

The current DSM categorization is based on the
assessment of its morphology by multimodal retinal
imaging. Two distinct DSM subtypes have been
described: dome-shaped and band-shaped, with the
latter being significantly more prevalent (82.4%).10 The
band-shaped DSM has been further refined into a
ridge-shapedmacula (RSM), characterized bymacular
elevation occurring along only one foveal meridian.11
RSM may exhibit vertical,10–12 horizontal,10–12 or
oblique13 orientations. Despite these categorizations,
DSM assessment remains challenging due to the lack
of objective, standardized, and reproducible measure-
ment methods.

The present study aimed to develop a quantitative
assessment of DSM subtypes based on the measure
of DSM curvature (DSMC), in a cohort of patients
not affected by complications such as CNV and SRD.
Furthermore, the study investigated the associations
between DSMC and ocular parameters, including
choroidal thickness (CT), spherical equivalent (SE),
and best-corrected visual acuity (BCVA).

Methods

Study Design

The study was designed as a cross-sectional, obser-
vational case series that included myopic eyes with
confirmed presence of DSM on optical coherence
tomography (OCT) images (SPECTRALIS HRA2+
OCT; Heidelberg Engineering, Heidelberg, Germany).
All of the patients were recruited by retrospectively
assessing data records at the ophthalmology unit of
IRCCS San Raffaele Scientific Institute, Milan, Italy.
The patients signed informed consents before being
included in the study. The entire investigation received
local ethical approval (MIRD2020), respecting the
tenets of the Declaration of Helsinki.

Inclusion criteria included age > 18 years old; high
myopia, defined as SE > −6.00 diopters (D)14; and the
presence of a DSM. The criteria used to define and
classify DSM are described in detail in the following
text. Exclusion criteria were high media opacity; the
presence of subretinal fluid with or without CNV as
assessed by OCT and fluorescein angiography exami-
nation; stage 4 myopic atrophy as defined by the Meta-
Analysis for Pathologic Myopia (META-PM) classi-
fication system15; any ophthalmic surgery performed
within 6 months from the baseline evaluation; any

other ocular disorder that might affect data interpre-
tation, including vascular occlusive diseases, uveitis,
and optic nerve disorders; poor image quality (Heidel-
berg HEYEX quality score < 25); previous history
of myopia-related complications (e.g., retinoschisis,
retinal detachment, vitreoretinal disorders)16,17; or any
other uncontrolled systemic disorder that might affect
data interpretation.

Each patient underwent a complete ophthalmo-
logic examination, including BCVA, slit-lamp biomi-
croscopy, and spectral-domain OCT. BCVA was evalu-
ated using the logarithm of the minimum angle
of resolution (logMAR) scale. Refractive error was
reported as SE, derived by summing the spheri-
cal component and half the cylindrical component.
Moreover, a mandatory criterion was the presence of
at least one 6 × 6-mm radial OCT scan performed by
using enhanced-depth imaging (EDI) mode, with the
anterior margin of the sclera clearly visible. Both eyes
were included if eligibility criteria were met. All OCT
scans were reviewed by two masked expert graders
(SDF and AA) and then further confirmed by a third
expert grader (MBP).

The main aim of the study was to evaluate the role
of DSMC in characterizing different DSM subtypes,
in patients without CNV or SRD. The secondary aim
was to investigate the linear relationships between the
DSMC metric and CT, SE, and BCVA.

Definition of DSM and Classification

Because of the lack of an agreed-upon DSM defini-
tion and considering to the best of our knowledge
the related literature,1,10–13,18,19 we defined DSM as a
convex curvature of the retinal surface, retinal pigment
epithelium (RPE), and choroid, observed on OCT,
protruding inward due to the underlying scleral curva-
ture at the subfoveal level, regardless of the presence
or not of posterior staphyloma. Our DSM defini-
tion aimed to provide a quantitative and standard-
ized approach for identifying this clinical condition by
including the following essential criteria:

1. The shape of the retina in a radial B-scan from
OCT was mathematically modeled. Convention-
ally, the retinal profile is expressed by a concave
function, with the curvature directed outward
(Supplementary Fig. S1). In contrast, DSM is
defined as a convex curvature, where the retinal
surface protruded inward.1 The point where the
retinal profile transitions from concave to convex
configuration, known as the inflection point, may
serve as a standardized reference for evaluating
DSM morphological features (Fig. 1).
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Figure 1. Two-dimensional mathematical representation of the retina. (A) A myopic patient with a DSM at the posterior pole. (B) The
adjacent image illustrates how the DSM could be described using a Taylor polynomial function: f(x) = ax4 + bx2 + c, where in this specific
instance a > 0 and b < 0. The orange dots represent the inflection points, which are points where the curve changed from concave up to
concave down or vice versa. Mathematically, an inflection point occurs at the point where the function f(x) changes its curvature—that is, at
the point where its second derivative equals 0: f′ ′(x) = 0. (C, D) In contrast, in a healthy patient, the posterior pole can be described by the
parabolic function f(x)=ax2+bx+c, where a > 0 and b can vary depending on the position of the vertex. Its second derivative is given by
f′ ′(x) = 2a, a constant value independent from x. A parabola does not have inflection points, as its curvature does not change.

2. The scleral contribution has also been considered.
As suggested by Imamura et al.2 and supported
by recent evidence,20 DSM should be considered
as an anomaly of the scleral curvature. From
this point of view, which differs from what has
been proposed in the current literature,1,10,12,19
themeasurement of DSMmorphological charac-
teristics should also be focused on the sclero-
choroidal junction.

3. DSM configuration was associated with a convex
elevation located either partially or entirely below
the fovea. Furthermore, current DSM defini-
tions1,10,12,19 commonly consider the presence
of posterior staphyloma as an essential compo-
nent. However, growing evidence suggests that
these two entities (DSM and posterior staphy-
loma) may be considered two distinct conditions.
To support this point, a recent study by Saito et
al.21 found that approximately 45% of DSMcases

were not associated with the presence of a poste-
rior staphyloma.

4. To validate a standardized approach, DSM
should be defined based on both the curvature
and the tomographic criteria. The curvature crite-
rionmay be established considering a cutoff value
greater than 1 macular vertex index (Ma.V.I.),
defined as 10–5 μm–1, confirmed in at least 50% of
the radial OCT scans. The presence of a Ma.V.I.
< 1 may be used as exclusion criterion for DSM.
The detailed description of Ma.V.I. calculation
is provided in the next paragraph. In addition,
Ellabban et al.10 established that aminimumRPE
elevation of 50 μm is necessary to define DSM.

5. To address potential pitfalls, and contrary to
the findings by Ohsugi et al.,19 the presence of
convexity should be evaluated across all radial
OCT sections and must be observed in at least
50% of these scans to address the influence
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of artifacts or conditions that might mimic
DSM.

In addition, our morphological classification of
DSM included the categorization proposed byCaillaux
et al.,12 using both horizontal and vertical B-scans.
The classification was based on the orientation of
the major axis of the dome as observed on OCT:
Typical round domes appeared as convex elevations
in both horizontal and vertical scans, horizontally
oriented domes showed marked convexity in vertical
scans but were flat in horizontal scans, and, conversely,
vertically oriented domes exhibited prominent convex-
ity in horizontal scans, with flat profiles in vertical
scans.

DSMC Evaluation and Image Analysis

The OCT-based calculations of DSM curvature
and other parameters were conducted using 1:1-μm
images. This choice was made because a previous study
highlighted the potential overestimation of retinal
tissue thickness when using 1:1 pixel images.22 The

measurements were carried out utilizing theHeidelberg
HEYEX software and its caliper tool. Additionally,
curvature was assessed in all OCT scans, with the final
value corresponding to the scan showing the highest
curvature.

DSM was considered a three-dimensional
structure—whether dome-shaped or band-shaped—
that could be approximated as a portion of a sphere
or a cylinder, respectively. Our approach assumed
that the DSM curvature could be derived by defin-
ing a circle traced considering DSM as a portion of
the scleral curvature represented by geometric solids.
When considering either a sphere or a cylinder (dome-
shaped or band-shaped, respectively), a circle can be
inscribed (Supplementary Fig. S2). For a sphere, any
cross-section through the center produces a circle,
whereas, for a cylinder, the cross-sectional circle corre-
sponds to a plane perpendicular to the axis of the
cylinder, passing through the centers of both circular
bases (Fig. 2).

To measure DSMC, the distance between the inflec-
tion points on both sides of the dome was considered

Figure 2. Schematic depiction ofDSMandRSMconfigurations. In the center is shown the three-dimensional configuration of a roundDSM.
The yellow sphere represents the underlying geometric shape, and the dome can be thought of as the apical portion of this sphere. A light
blue plane, passing through the center of the sphere, defines a circle, which is shown in orange. Similarly, the images on either side depict
an RSM. On the left, the configuration is vertically oriented; on the right, it is horizontally oriented. In both cases, by sectioning the solid
perpendicular to its major axis, a circle is obtained. The images were created with GeoGebra. Beneath each schematic are corresponding
three-dimensional reconstructions of themacular profile, generated using theHeidelberg 3DMap tool. The images offer a realistic rendering
of the curvature. N, nasal orientation; T, temporal orientation; I, inferior orientation.
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Figure 3. DSM curvaturemeasurement. (A) Vertical and horizontal sections of a DSM show a horizontal RSMwhere the dome appeared on
thevertical axis butwasflat on thehorizontal axis. (B)When the sectionof interest hadbeen identified, inflectionpoints at the sclerochoroidal
junction were located. The chord (c) was defined as the line connecting these points, and the height (h) was the perpendicular line from the
chord to the sclerochoroidal margin. With these measurements, the radius (R) of the circle was determined and is represented in orange
beneath the dome. The curvature was then calculated as the reciprocal of this radius. (C) The image on the right was obtained using the
3D view function of the Heidelberg software. It provides a 3D description of the DSM: the floor represents the en face scan of the posterior
pole, and the B-scan shows the retina in vertical section. The circle underlying the DSM is shown in orange. The OCT images presented were
exported at 1:1-pixel resolution to enhance understanding and clarity.

(denoted as line c in Fig. 3). The distance from the apex
of the dome, identified as the sclerochoroidal junction,
to line cwas measured as a perpendicular line (denoted
as h in Fig. 3). We then calculated the radius (R) of
the hypothetical circle defined by its chord c and height
h. The geometric formula used to determine R is as
follows:

R = h
2

+ c2

8h

with the calculatedR, we then determined the curvature
(K) of the circle as the reciprocal of the radius (Fig. 3):

K = 1
R

by definition, the curvature of a circle is constant. This
means, for example, that the curvature value of an arc
of the circle, such as the virtual line represented by
the sclerochoroidal margin between the two inflection
points, will be the same as that of any other point
along its circumference. Furthermore, K is expressed
in units of 10–5 μm–1 for consistency. For the sake of
simplicity, we defined 10–5 μm–1 as 1 Ma.V.I. Hence,
K = 4 × 10−5 μm–1 would be expressed as 4 Ma.V.I.
All measurements were performed by the same trained
ophthalmologist (AA).

Considering all of these points, DSMC may be
considered a measurement that transcends the classi-
fication approach of DSM based on the configura-
tion in OCT images. Regardless of the DSM type and
considering that each of the three types (round DSM,
horizontal RSM, and vertical RSM) can be approxi-
mated to a geometric structure, it is possible to evaluate
the curvature in each case.

In our study, CT was manually measured at three
specific locations, following the methods described by
Burke et al.23: one at the subfoveal region and two at
3000 μm from the fovea, with the latter measurement
being the average of values from both the left and right
sides. Additionally, CT was measured at the inflection
points of the DSM, with the final value calculated as
the mean of measurements taken on either side of the
DSM. All measurements were performed on horizon-
tal EDI scans to ensure consistency across the dataset.
In all cases, CTwasmeasured perpendicularly from the
outer border of the RPE–Bruch’s membrane complex
to the sclerochoroidal junction in the center of the
fovea.

Validation of Curvature Criterion

The choice of 1 Ma.V.I. for the lower limit cut-off
was based on the relationship between the curvature
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and the effective R of the circle. K was the reciprocal
of R, as previously shown. A curvature of 1 Ma.V.I.,
which equated to 10–5 μm–1, corresponded to R equal
to 10 cm.Given that the average diameter of the human
eye is about 2.4 cm,24 we assumed that a circle with
a 10-cm radius would produce a nearly flat surface
when compared to the curvature of the retina. There-
fore, when the curvature fell below 1 Ma.V.I. (i.e., the
radius exceeded 10 cm), the retinal surface became so
flat that it was not consistent with the scleral curva-
ture associated with DSM. Thus, the arbitrary selec-
tion of 1 Ma.V.I. as a threshold reflected the point at
which curvature became too shallow to support aDSM
diagnosis.

Considering that the resolution capability of OCT
is less than 10 μm,25 measuring curvatures for radii
around this scale is challenging. Conceptually, a practi-
cal upper limit forMa.V.I. had been set at 10,000, corre-
sponding to a curvature of 10−1 μm−1, which equates
to a radius of 10 μm. In practical terms, an R value of
10 μm or less would not produce noticeable variations
in scleral curvature, as the underlying circle would be
too small. Consequently, for identifying DSM,Ma.V.I.
potentially ranges from 1 to 10,000. The upper limit
was established considering that greater values corre-
spond to a radius ≤ 10 μm. We might assume that this
value is insufficient to curve the retina enough to make
a DSM. In addition, based on our cohort, values above
100 Ma.V.I. were not found. We may assume that this
occurred because of OCT resolution limits and because
Ma.V.I. > 100 is already too insufficient to make a
DSM.

Statistical Analysis

All statistical analyses were conducted using R
4.4.2 (RFoundation for Statistical Computing, Vienna,
Austria). A significance level of α < 0.05 was applied,
and two-tailed tests were utilized for all comparisons.
Continuous variables were described using means,
standard deviations, medians, and interquartile ranges
(IQRs). Categorical variables were reported as frequen-
cies and percentages. To investigate both the differ-
ences among DSM subtypes and the associations
between DSMC and ocular parameters (CT, SE,
and BCVA), a consistent statistical framework was
applied. A linear mixed-effects model (LMM) fit using
restricted maximum likelihood (REML) was employed
in both analyses. For the analysis of DSM subtypes,
themodel incorporatedDSMsubtype (round, horizon-
tal, or vertical) as a fixed effect to evaluate subtype-
specific differences, with random intercepts for patients
included to address the hierarchical structure of the
data and the correlation between eyes within the

same patient. Similarly, to examine the associations
between DSMC and CT, SE, and BCVA, the LMM
was adapted to include DSMC as the fixed effect
while retaining the same random structure. The use
of REML ensured accurate estimation of variance
components, and Satterthwaite’s approximation for
degrees of freedom was applied to evaluate the signif-
icance of fixed effects, providing robust and reliable
estimation of P values in both analyses.

The reliability of DSMC and related measurements
was assessed through interclass correlation coefficients
(ICCs), calculated using a two-way random-effects
model for absolute agreement. ICC values were classi-
fied as follows26: Less than 0.50 indicated poor relia-
bility, 0.50 to 0.75 reflected moderate reliability, 0.75 to
0.90 indicated good reliability, and values above 0.90
represented excellent reliability. In addition, Spear-
man’s rank correlation coefficient (r) was used to evalu-
ate the relationships between DSMC and the other
ocular parameters.

Results

This study included 125 eyes from 107 eligible
patients (25 males, 23%). The mean age ± SD was
65.67 ± 13.51 years, and all patients were of Caucasian
ethnicity. The DSMwas unilateral in 89 patients (83%)
and bilateral in 18 patients (17%). All demographic
characteristics of the cohort are detailed in Table 1.
With regard to the calculation of DSM height and
chord length, as well as DSMC, the overall ICC was
0.95 (range, 0.89–0.97; P < 0.05), indicating very high
intergrader reliability. The ICC for height measure-
ments was 0.96 (range, 0.91–0.97), and the ICC for
chord length measurements was 0.93 (range, 0.89–
0.96).

Table 1. Demographic and Clinic Characteristics of
Study Patients (N = 107) Affected by DSM

Overall

Age (y)
Mean ± SD 65.67 ± 13.51
Median (minimum, maximum) 64 (36, 95)

Male gender, n (%) 25 (23)
DSM status, n (%)

Bilateral 18 (17)
Unilateral 89 (83)

Caucasian, n (%) 100 (100)
DSM, dome-shaped macula; N, number; SD, standard

deviation.
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Table 2. Summary of Morphological and Functional Parameters Across DSM Subtypes

Mean ± SD

Parameter
Overall

(n = 125 Eyes)
Round

(n = 57 Eyes)
Horizontal

(n = 58 Eyes)
Vertical

(n = 10 Eyes)

DSMC (Ma.V.I.) 20.36 ± 10.01 22.4 ± 11.4 18.3 ± 9.14 20.0 ± 4.23
Radius (μm) 6879.96 ± 5421.0 6257.0 ± 4787.0 7784.0 ± 6288.0 5182.0 ± 1003.0
Chord (μm) 3178.74 ± 1530.51 2966.0 ± 1720.0 3430.0 ± 1347.0 2935.0 ± 1276.0
Height (μm) 228.5 ± 150.82 215.0 ± 163.0 241.0 ± 134.0 236.0 ± 180.0
Subfoveal CT (μm) 65.22 ± 52.21 55.2 ± 43.3 77.2 ± 57.3 52.4 ± 57.7
CT at 3000 (μm) 82.92 ± 57.6 72.7 ± 40.4 88.8 ± 63.3 107.0 ± 92.9
CT at the inflection points (μm) 85.52 ± 65.73 75.4 ± 45.4 92.1 ± 76.0 105.00 ± 93.8
SE (D)a −12.62 ± 3.62 −11.50 ± 3.80 −13.2 ± 3.34 −15.0 ± 2.68
BCVA (logMAR)a 0.27 ± 0.34 0.23 ± 0.29 0.29 ± 0.31 0.38 ± 0.65

BCVA, best-corrected visual acuity; CT, choroidal thickness; D, diopter; DSMC, dome-shaped macula curvature; LogMAR,
logarithm of the minimum angle of resolution; Ma.V.I., macular vertex index; SE, spherical equivalent.

aMissing data.

Morphological and Functional
Characteristics of DSM Subtypes

The distribution among the three DSM subtypes
included 57 classified as round (45.6%), 58 as horizon-
tal (46.4%), and 10 as vertical (8%), as shown in Table 2.
The mean DSMC was 20.36 Ma.V.I. (SD = 10.01;
IQR = 12.29–26.93). LMMs revealed that round DSM
demonstrated significantly higher curvature compared
to horizontal DSM (estimate = −3.884 Ma.V.I.; 95%
confidence interval [CI], −7.616 to −0.152; P = 0.039),
but vertical DSM did not differ significantly from
round DSM (estimate = −2.196 Ma.V.I.; 95% CI,
−9.030 to 4.638; P = 0.527).

The mean ± SD R (6879.96 ± 5421.0 μm), chord
length (3178.74 ± 1530.51 μm), and height (228 ±
15 μm) showed no significant differences across DSM
subtypes. Subtype-specific means for R were 6808 μm
(round), 7761 μm (horizontal), and 5182 μm (vertical);
chord length and height remained consistent across
subtypes, with minimal and non-significant variations.
All data are provided in Table 2.

The analysis of CT revealed no significant differ-
ences at the subfoveal level (mean, 65.22 ± 52.21 μm;
P > 0.05). Moreover, CT measurements at 3000 μm
(mean, 82.92 ± 57.60 μm) and at the inflection points
(mean, 85.52 ± 65.73 μm) were consistent across
subtypes without significant variations (P > 0.05).

Regarding refractive error and visual characteris-
tics, BCVA was available for 117 out of 125 eyes, and
SE was available for 98 out of these 117 eyes. Missing
data in both cases were due to a history of cataract
surgery. The mean SE for the entire cohort was −12.62
± 3.62. Vertical DSM was significantly associated with

a more pronounced myopic refractive error compared
to round DSM (estimate = −3.680 D; 95% CI, −6.768
to −0.591; P = 0.023), and horizontal DSM showed a
non-significant trend toward greater myopia (estimate
= −1.200 D; 95% CI, −2.860 to 0.460; P = 0.158), as
highlighted in Table 3. For BCVA, the mean value for
the entire cohort was 0.27 ± 0.34 logMAR. Although
vertical DSM showed a trend toward worse BCVA
compared to round DSM (estimate = 0.144 logMAR;
P = 0.243), this difference was not statistically signifi-
cant. Horizontal DSM also did not differ significantly
from round DSM (estimate = 0.063 logMAR; P =
0.376), as shown in Table 3.

Association Between DSMC and CT, SE, and
BCVA

Analysis using LMMs highlighted significant
associations between DSMC and key structural and
functional parameters in DSM. Subfoveal CT exhib-
ited a strong inverse correlation with DSMC (estimate
= −0.1027; P < 0.0001; r = −0.60), with a consis-
tent reduction in CT values as curvature increased.
This inverse relationship extended to CT measured at
3000 μm from the foveal center (estimate = −0.0605;
P < 0.0001) and at the inflection points (estimate =
−0.0511; P < 0.001), indicating a systematic decrease
in CT across all measured locations with increasing
DSMC (Figs. 4A–C). DSMC was significantly associ-
ated with SE, with higher DSMC values correspond-
ing to greater myopic refractive errors (estimate =
−0.1387; P = 0.009; r = −0.21), as shown in Fig. 4D.
The model also revealed variability across patients,
indicating that refractive outcomes were influenced
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Table 3. Mixed-Effects Model Analysis of Morphological and Functional Parameters Across DSM Subtypes

Parameter DSM Subtype Estimate (SE) 95% CI Pa

DSMC (Ma.V.I.) Round (ref.)
Horizontal −3.884 (1.866) 15.6 to 21.0 0.039
Vertical −2.196 (3.461) 13.7 to 26.3 0.527

Radius (μm) Round (ref.)
Horizontal 952.91 (775.38) 6385 to 9137 0.225
Vertical −1625.52 (1932.73) 1612 to 8753 0.402

Chord (μm) Round (ref.)
Horizontal 244.54 (235.78) 2998 to 3778 0.303
Vertical −208.57 (531.65) 1957 to 3912 0.696

Height (μm) Round (ref.)
Horizontal 6.815 (27.197) 194 to 275 0.803
Vertical 7.696 (52.669) 140 to 332 0.884

Subfoveal CT (μm) Round (ref.)
Horizontal 20.904 (7.875) 67.1 to 93.6 0.061
Vertical −7.076 (18.179) 18.9 to 85.9 0.698

CT at 3000 (μm) Round (ref.)
Horizontal 8.512 (10.579) 71.5 to 103.0 0.423
Vertical 28.303 (20.498) 69.8 to 144.0 0.170

CT at the inflection points (μm) Round (ref.)
Horizontal 16.102 (8.737) 79.2 to 112.0 0.072
Vertical 25.701 (23.255) 62.0 to 148.0 0.271

SE (D) Round (ref.)
Horizontal −1.2005 (0.8415) −13.8 to −11.25 0.158
Vertical −3.6799 (1.5747) −17.9 to −12.14 0.023

BCVA (logMAR) Round (ref.)
Horizontal 0.06258 (0.07044) 0.20 to 0.397 0.376
Vertical 0.14411 (0.12270) 0.16 to 0.600 0.243

Dependent variables are the parameters of interest (DSMC, radius, chord, height, CT, SE, BCVA).
aStatistically significant P values are bold.

by additional, unmeasured factors, contributing to
interindividual differences. In contrast, for BCVA,
DSMC showed no significant correlation (estimate =
0.0054; P = 0.082) (Fig. 4E).

Discussion

This study proposed a comprehensive analysis of
the morphological and functional parameters of DSM,
particularly focusing on DSMC as a new quantitative
metric. To the best of our knowledge, this is the largest
study assessing the morphological parameters of a
cohort of DSM without complications such as CNV
and SRD. DSMC provides an objective and repeatable
measure to categorize DSM and offers new insights
into DSM morphology.

In terms of prevalence, vertical DSM subtypes
resulted an uncommon finding, as previously reported

in the literature. In the large cohort study by
Liang et al.,5 vertical subtypes accounted for only
2% of cases, with five instances identified out of
225 eyes. As already reported in the literature,10,12
round and horizontal subtypes were more common,
with horizontal forms showing a slight predomi-
nance.

Looking at the geometric characteristics of DSM,
our results revealed a significant difference in curva-
ture between round and horizontal DSM subtypes, but
no significant difference was observed between round
and vertical DSM subtypes. This finding may seem
unexpected at first, as differences in chord length and
height are present among the three groups, but they did
not reach statistical significance. However, this can be
explained by the quadratic relationship between chord
length and curvature: Small variations in chord length
can have a much greater effect on curvature compared
to height.
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Figure4. LMManalyses examining the relationshipsbetweenDSMCandkey structural and functional parameters inDSM. (A–C) Significant
inverse relationships between DSMC and CT values at the subfoveal level, the inflection points, and 3000 μm from the fovea, respectively.
(D, E) Associations of DSMC with SE and BCVA, the latter expressed in logMAR values.

We confirmed someDSM features already described
in the literature.13,28–30 Indeed, based on our obser-
vations, round DSM subtypes are morphologically
characterized by smaller base and height dimensions
compared to horizontal DSM subtypes, which there-
fore appear larger. On the other hand, vertical subtypes
exhibited a slightly greater height on average compared
to round subtypes.

A big part of our analysis was focused on testing
the distribution of CT, BCVA, and SE considering the
DSM Caillaux classification.12 No significant differ-
ences in CT values were observed across the three
DSM subtypes (round, horizontal, and vertical) at any
of the measured locations: subfoveal, at the inflection
points, or 3000 μm from the fovea. Previous studies
by Pilotto et al.30 and Negrier et al.31 suggested that
vertical DSMs tend to have a higher bulge and thicker
CT, whereas Zhao et al.32 reported greater CT thick-
ness in round domes. These discrepancies may be
partially attributed to differences in study designs and
included populations. Indeed, prior investigations did
not account for the presence or absence of CNV or
SRD in their cohorts. Because it is well established that
CNV in DSM is associated with partially preserved
CT33 and SRD with thicker choroids,12 the inclusion
of these patients in previous studies may have intro-
duced a potential confounding factor. In our study, we
considered only cases without CNV or SRD, provid-

ing a quantitative assessment focused on this specific
“uncomplicated” DSM phenotype. Overall consider-
ing our findings, we confirmed previous observations
highlighting the intrinsic limitations of Caillaux classi-
fication to fully categorize DSM clinical characteris-
tics.31

Trying to overcome this issue, we evaluated the
relationship between the newly introduced DSMC
metric and other ocular parameters. Our results
showed an inverse relationship between DSMC and
CT across all measured locations, with higher curva-
ture values corresponding to reducedCT.This indicates
that DSM cases with larger base and height dimen-
sions tend to exhibit greater CT, and vice versa. On
this basis, we may hypothesize that scleral curvature
in DSM influences the underlying choroidal tissue,
leading to pronounced thinning, particularly in the
subfoveal region. The significant relationship between
DSMC and CT is potentially clinically relevant, as it
may represent a measure of choroidal trophism, paving
the basis for new outcome measures and risk stratifica-
tion assessment in high myopia.

DSMC also demonstrated an association with SE,
highlighting a link between increased curvature and
higher myopic refractive errors. Based on the current
design of the study and the intrinsic limitations of OCT
imaging, we are not able to provide a definite explana-
tion of this finding. We might hypothesize that DSMC
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represents a surrogate measurement of the biomechan-
ical effects of axial length on the magnitude of DSM
curvature. We cannot exclude a secondary hypothesis
related to a direct scleral contribution on the deter-
mination of DSM curvature extent. However, further
studies with histology support are warranted to draw
definite conclusions regarding this point. Conversely,
no significant association was observed for DSMC and
BCVA. This was expected, as visual acuity has been
evaluated accounting for the refractive error of the
eye.

Our study has several potential limitations. First, the
retrospective and cross-sectional design may impose
constraints on our analysis. The lack of longitudinal
follow-up limits our ability to observe dynamic changes
in DSM over time and to establish causative relation-
ships. Additionally, further investigations should
explore the association between DSMC and other
potential contributing factors, such as axial length and
scleral thickness, which may enhance our understand-
ing of DSM pathophysiology and its functional conse-
quences. Moreover, although we represented DSM as
circles for simplicity, it was important to acknowledge
that DSM did not conform perfectly to geomet-
ric shapes, a consideration that may have introduced
relevant approximations. In addition, imaging in highly
myopic eyes also presented significant challenges due to
extreme curvature changes, which increased the risk of
artifacts and measurement inaccuracies.34 Moreover,
the intrinsically limited depth of OCT technology
does not allow addressing the scleral contribution to
DSM development. Another limitation is the use of a
single spectral-domain OCT device, which restricts the
generalizability of our findings. Future studies should
assess the reproducibility of DSMC using different
imaging platforms to validate the robustness of this
metric across devices.

Furthermore, the study sample was composed
exclusively of Caucasian patients, with limited variabil-
ity in age. Expanding the cohort to include a more
ethnically and demographically diverse population
would improve the generalizability and allow for a
better understanding of DSM across different patient
groups. Further studies and histologic confirmation are
necessary to support our hypotheses and to assess the
relevance of our proposed approach on the manage-
ment of this condition and future therapeutic strate-
gies.

In conclusion, we proposed a novel quantitative
metric to analyze and categorize DSM subtypes. Our
study indicated that the proposed DSMCmetric could
serve as an objective and repeatable way to categorize
DSM. The significant association between DSMC and
CT also suggested that DSMC could serve as a future

outcome measure for monitoring CT in DSM. Further
studies are warranted to test the clinical role of DSMC
and its relevance in improving DSM diagnostic and
therapeutic workups.
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