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A R T I C L E I N F O A B S T R A C T

Purpose: To characterize diurnal variations in scleral morphological parameters and assess correlations between

lifestyle habits and variations in these parameters.

Methods: This prospective observational study enrolled healthy adult participants. Corneo-scleral morphology was

evaluated at five standardized timepoints (9:00, 11:30, 14:00, 16:30, and 19:00) using the Pentacam HR corneo-

scleral profile module. Participants completed a lifestyle questionnaire assessing sleep patterns and daily routines.

Primary outcome measures included sagittal height (SH) and bulbar slope (BS), with coefficients of variation (CV)

across the day calculated for each parameter.

Results: A total of 109 eyes from 55 participants (mean age: 32.6 ± 12.6 years; 37 female, 18 male) were analyzed.

Repeated-measures analysis revealed no statistically significant diurnal variations in scleral parameters (all p-val-

ues ≥ 0.069). Secondary analysis identified some significant correlations between CVs of scleral parameters and

specific lifestyle habits: washing face in the morning (minimum BS, p=0.007), having breakfast (minimum SH,

p≤0.016), drinking coffee in the morning (SH p≤0.040), drinking coffee during the day (mean SH p=0.016), and

screen exposure before bedtime (mean SH p=0.036). Statistically significant sex-related differences were

observed in minimum BS of the right eye (p=0.020) and astigmatic SH (p=0.042).

Conclusions: The corneo-scleral profile of healthy eyes remains stable throughout the day, with no significant diur-

nal changes in SH or BS. Although certain lifestyle habits showed trends toward association with scleral variation,

definitive conclusions cannot be drawn.
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Introduction

The geometry of the anterior sclera and conjunctiva plays a key role

in contact lens fitting, ocular biomechanics, and the design of anterior

segment procedures. Accurate understanding of this morphology is criti-

cal for tailoring medical devices and improving patient outcomes.

Sclero-conjunctival morphology is influenced by both intrinsic

and extrinsic factors.1−11 Intrinsic factors include age-related

changes and ocular conditions like myopia or keratoconus. Age

influences corneo-scleral shape,1,2 with older individuals and males

exhibiting greater scleral thickness.3 Myopia also alters scleral

structure, increasing sagittal height (SH)4 and reducing biomechan-

ical scleral stiffness.5 Accommodation and convergence flatten the

nasal scleral surface, particularly in myopic eyes.6,7 Similarly,

irregular corneas exhibit distinct scleral shapes compared to regu-

lar corneas.8,9 Keratoconus specifically alters the sclera adjacent to

the limbus.10,11 It should be noted that the conjunctiva is a

transparent mucous membrane that conforms to the underlying

scleral topography, adapting dynamically to its geometric

variations.12

Extrinsic factors influencing sclero-conjunctival morphology include

contact lens wear. Spherical soft contact lenses induce more significant

corneo-scleral deformation than toric designs.13 Extended soft lens wear

increases limbal curvature,14 while mini-scleral lenses flatten the cor-

neo-scleral profile, enlarging the limbal radius.15 Notably, mini-scleral

lenses also reduce scleral thickness.16

Despite significant advances in characterizing anatomical and lens-

induced changes in the sclera, little is known about potential circadian

or diurnal fluctuations. This represents a relevant gap, as time-depen-

dent variations could impact the accuracy of measurements and the

repeatability of device fitting. Elucidating these diurnal, time-dependent

changes could optimize measurement protocols for clinical applications,

including improved fitting strategies for certain contact lens designs.

This study aimed to quantify daily fluctuations in scleral morphological
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parameters, and to investigate their potential associations with self-

reported lifestyle habits such as sleep, diet, and screen exposure.

Methodology

Participants

This prospective study was conducted at the Optometry Clinic of the

University of Alicante (Spain). The protocol adhered to the Declaration

of Helsinki and received approval from the University of Alicante Ethics

Committee (UA-2023−01−19_2). All participants provided written

informed consent prior to enrollment. Eligible participants met the fol-

lowing criteria: absence of ocular pathology (confirmed by comprehen-

sive slit-lamp examination), no history of ocular surgery, corrected

distance visual acuity (CDVA) of 20/25 or better, and intraocular pres-

sure within the normal range (10−21mmHg). Contact lens wearers

underwent mandatory washout periods: a minimum of 14 days for soft

contact lenses, and a minimum of 28 days for rigid gas permeable (RGP)

contact lenses. These intervals exceed the established corneal recovery

timelines (1−2 weeks for soft lenses, 3−4 weeks for RGP lenses) to

ensure full stabilization of corneoscleral morphology.

Measurement protocol

All measurements were performed by a single experienced examiner

(L.B.B.) using standardized protocols to ensure consistency. The initial

evaluation was performed at 09:00 (±30 min) and included measure-

ment of CDVA, manifest refraction, and ocular biometry (mean of 3 con-

secutive measurements) assessed using the IOLMaster 500 (Carl Zeiss

Meditec, Germany). A slit-lamp biomicroscopic examination was per-

formed to detect ocular abnormalities.

Corneoscleral topography was evaluated using the Pentacam HR sys-

tem (OCULUS Optikger€ate GmbH, Wetzlar, Germany) equipped with the

corneoscleral profile (CSP) module. For this study, parameters were col-

lected over a 15mm analysis zone. Although the Pentacam CSP can cap-

ture up to 18mm,17 measurements in the superior region are often

limited by the eyelid, making full coverage difficult. Therefore, the

15mm zone was chosen to ensure reliable data capture in all partici-

pants. Parameters included: maximum, minimum, mean, and astigmatic

SH (defined as maximum minus minimum SH); corneal and scleral best-

fit spheres (BFS); and maximum and minimum bulbar slope (BS). The

BS is a built-in parameter computed by the Pentacam HR CSP software,

which quantifies the inclination of the scleral surface relative to the cor-

neal tangent, and is expressed as an angle. These measurements were

repeated at four additional timepoints —11:30, 14:00, 16:30, and 19:00

—with a tolerance of ± 30 minutes for each session.

In addition, participants completed an ad-hoc lifestyle habits

questionnaire (Table 1) designed to assess sleep patterns, caffeine

and alcohol consumption, physical activity, screen exposure, and

other daily behaviors. The questionnaire was divided into morning

and evening sections: the morning portion addressed behaviors upon

waking, while the evening portion focused on daytime and pre-sleep

habits.

Sample size

The sample size of eyes in this study was determined to ensure that

the objectives could be consistently achieved, while also being large

enough for statistically significant effects to be clinically meaningful. A

review of the existing literature showed that, to date, no studies have

comparatively analyzed diurnal changes in corneo-scleral morphology

in healthy subjects. Therefore, a study evaluating changes in central cor-

neal thickness in healthy subjects was used as the closest available

reference.18

The sample size was calculated using the online GRANMO sample

size calculator. Assuming that the standard deviation of the amplitude

of change was 0.008mm, a minimum detectable difference of

0.0034mm, an expected average dropout rate of 20%, a statistical power

of 80%, and an α error of 0.05, the required number of eyes in the

healthy population group was calculated to be 55.

Statistical analysis

Statistical analysis was conducted using SPSS software (version

29.0.1; IBM Corp., Chicago, IL, USA), with p-values < 0.05 consid-

ered statistically significant. Data normality was assessed using the

Kolmogorov-Smirnov test (or the Shapiro-Wilk test for sample sizes

<50). For longitudinal comparisons across the five time points,

both repeated-measures analysis of variance (ANOVA) (for

parametric data) and the Friedman test (for non-parametric data)

were applied. Pairwise post hoc comparisons were performed

using the Bonferroni test for normally distributed variables and

the Bonferroni-adjusted Wilcoxon test for non-normally distributed

data variables.

Table 1

Questionnaire on daily habits and activities.

Question Outcome

Morning Assessment

1 What time did you go to sleep and wake up? Bedtime, wake-up time, total sleep duration (hours)

2 Do you suffer from sleep apnea? Yes/No

3 Did you have breakfast this morning? Yes/No

4 Do you drink water upon waking up? Yes/No

5 Did you have coffee this morning? Yes/No

6 Did you wash your face this morning? Yes/No

7 Did you apply eye drops/artificial tears this morning? Yes/No

8 Did you rub your eyes this morning? Yes/No

9 Did you exercise during the morning? If so, what was the intensity and duration? Yes/No, intensity (light/moderate/intense), duration (hours)

10 Were you exposed to screens last night before falling asleep? Yes/No

Evening Assessment

11 Did you drink coffee during the day? If so, how many cups? Yes/No, number of cups

12 Are you a smoker? If so, how many cigarettes did you smoke during the day? Yes/No, number of cigarettes smoked

13 Did you exercise during the day? If so, what was the intensity and duration? Yes/No, intensity (light/moderate/intense), duration (hours)

14 Did you consume alcohol during the day? Yes/No

15 Did you experience a stressful event during the day? Yes/No

16 How many hours did you spend using screens today? Total screen time (hours)

17 Did you take a nap during the day? If so, for how long? Yes/No, total nap time (hours)

18 How many hours did you read without using digital screens? Total non-digital reading time (hours)
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The coefficient of variation (CV) was calculated as (within-subject

standard deviation/mean)×100%. Differences in CV between groups

based on habit-related responses were analyzed using the Mann-Whit-

ney U test. Correlations between CVs and baseline clinical variables

were assessed using Pearson’s correlation coefficient for parametric data

and Spearman’s rank correlation coefficient for non-parametric data.

The change from baseline at each timepoint i (δi) was calculated as

100%×(value at timepointi − parameter at baseline)/parameter at

baseline.

Results

A total of 109 eyes from 55 subjects (aged 18−67 years; mean ±

SD: 32.6± 12.6 years) were evaluated. Measurements were taken at

09:06 ± 19min, 11:27 ± 17min, 13:58 ± 23min, 16:27± 19min, and

18:49 ± 14min. The sample comprised 37 women and 18 men,

including 55 right eyes (RE) and 54 left eyes (LE). Mean spherical

equivalent was −1.32± 2.31 D (RE) and −1.19± 2.23 D (LE). Mean

axial length (AL) was 23.90 ± 1.13 mm (RE) and 23.89± 1.13 mm

(LE). Participants reported an average sleep duration of

7.14± 1.04 h the night before measurements, with a mean time of

2.08± 0.84 h between waking and the first measurement. Descrip-

tive statistics for self-reported lifestyle habits are summarized in

Table 2.

Changes throughout the day

Mean values of each scleral parameter at all timepoints are summa-

rized in Table 3, along with the corresponding CVs and p-values from

inter-timepoint comparisons. No statistically significant differences

were observed in scleral parameters across the day. Figs. 1 and 2 display

violin plots illustrating the change from baseline at each timepoint

(δ) for each scleral parameter.

Table 3

Diurnal variation of scleral parameters.

Parameter 9:00 11:30 14:00 16:30 19:00 CV (%) p-value

Minimum Bulbar Slope (º) RE 39.62± 3.18

[33−49]

39.48± 3.18

[34−51]

39.35± 2.80

[35−47]

39.70± 3.54

[35−51]

39.29± 2.56

[34−45]

3.66± 2.41

[0.00−13.04]

0.161

LE 39.00± 3.42

[31−48]

38.83± 3.21

[30−48]

38.98± 2.69

[31−45]

38.86± 2.55

[30−43]

38.69± 2.69

[32−46]

3.45± 2.86

[0.00−14.13]

0.518

Maximum Bulbar Slope (º) RE 44.85± 3.10

[37−51]

44.36± 3.12

[37−50]

44.76± 3.13

[37−50]

45.16± 2.97

[37−49]

44.68± 3.22

[39−53]

3.87± 2.32

[0.00−10.58]

0.107

LE 42.88± 2.64

[35−49]

43.24± 2.95

[37−51]

43.06± 3.09

[38−50]

43.07± 2.66

[36−49]

43.02± 2.59

[36−49]

3.19± 2.16

[0.00−9.39]

0.938

Minimum Sagittal Height (µm) RE 3747.64± 187.08

[3371−4156]

3736.83± 180.90

[3412−4008]

3744.52± 176.43

[3375−4134]

3756.19± 184.82

[3366−4114]

3741.10± 165.25

[3389−4077]

0.76± 0.41

[0.12−1.63]

0.964

LE 3751.96± 192.10

[3357−4174]

3749.93± 194.71

[3456−4185]

3770.94± 184.71

[3417−4140]

3766.20± 194.37

[3386−4203]

3754.96± 190.23

[3386−4226]

0.98± 0.76

[0.12−4.58]

0.137

Maximum Sagittal Height (µm) RE 3966.11± 188.73

[3482−4317]

3957.26± 193.28

[3507−4356]

3947.94± 187.94

[3554−4305]

3974.56± 182.41

[3579−4297]

3954.53± 186.27

[3469−4309]

0.93± 0.50

[0.16−2.65]

0.104

LE 3941.31± 192.58

[3426−4345]

3936.85± 197.59

[3591−4400]

3934.30± 186.05

[3459−4328]

3952.39± 186.49

[3596−4404]

3936.67± 187.49

[3464−4387]

1.03± 0.62

[0.26−2.70]

0.213

Astigmatic Sagittal Height (µm) RE 216.60± 82.54

[34−420]

210.83± 97.19

[16−404]

203.33± 94.68

[18−427]

217.60± 97.31

[20−485]

206.90± 98.22

[29−496]

21.71± 16.11

[1.10−70.39]

0.269

LE 183.45± 114.36

[2−522]

191.49± 111.98

[39−491]

163.34± 105.12

[3−525]

186.20± 98.42

[20−378]

181.69± 87.35

[31−378]

32.50± 20.82

[3.23−90.48]

0.259

Mean Sagittal Height (µm) RE 3855.89± 184.18

[3426−4234]

3842.20± 176.33

[3475−4143]

3846.22± 176.05

[3475−4199]

3865.33± 176.85

[3544−4187]

3844.60± 166.75

[3429−4177]

0.70± 0.39

[0.17−2.02]

0.254

LE 3843.65± 186.49

[3391−4244]

3833.73± 191.03

[3529−4293]

3858.26± 177.44

[3438−4230]

3859.34± 184.09

[3496−4304]

3845.79± 183.68

[3425−4306]

0.88± 0.69

[0.21−3.58]

0.175

Corneal Best Fit Sphere (mm) RE 7.85± 0.25

[7.3−8.4]

7.86± 0.23

[7.3−8.4]

7.84± 0.25

[7.3−8.4]

7.85± 0.24

[7.3−8.4]

7.83± 0.26

[7.3−8.4]

0.21± 0.36

[0.00−1.73]

0.171

LE 7.85± 0.27

[7.3−8.5]

7.87± 0.26

[7.3−8.5]

7.83± 0.26

[7.3−8.5]

7.86± 0.26

[7.3−8.5]

7.83± 0.26

[7.3−8.5]

0.17± 0.30

[0.00± 1.11]

0.069

Scleral Best Fit Sphere (mm) RE 10.99± 0.43

[10.1−12.3]

10.99± 0.43

[10.2−12.1]

11.03± 0.42

[10.2−12.1]

10.98± 0.40

[10.3−12.1]

11.03± 0.40

[10.4−12.2]

1.04± 0.50

[0.40−2.28]

0.204

LE 11.13± 0.46

[10.2−12.5]

11.08± 0.46

[10.1−12.1]

11.10± 0.42

[10.3−12.2]

11.09± 0.45

[10.2−12.4]

11.13± 0.45

[10.1−12.4]

0.96± 0.67

[0.00−3.60]

0.942

Data are presented as mean ± standard deviation (SD) [range]. P-values correspond to the repeated-measures ANOVA (for normally distributed data) or the Friedman

test (for non-normally distributed data) for comparisons across the five timepoints.

Abbreviations: CV= coefficient of variation; RE= right eye; LE= left eye.

Table 2

Distribution of daily habits in the study population.

Variable Yes No

n % n %

Sleep apnea diagnosis 2 3.6 53 96.4

Had breakfast 36 65.5 19 34.5

Drank water in the morning 29 52.7 26 47.3

Drank coffee in the morning 31 56.4 24 43.6

Washed face in the morning 49 89.1 6 10.9

Applied eye drops 4 7.3 51 92.7

Rubbed eyes 26 47.3 29 52.7

Exercised in the morning 8 14.5 47 85.5

Used screens before bedtime 46 83.9 9 16.4

Drank coffee during the day 35 63.6 20 36.4

Smoked (current smokers) 9 16.4 46 83.6

Exercised during the day 13 23.6 42 76.4

Consumed alcohol 1 1.8 54 98.2

Experienced a stressful event (that day) 14 25.5 41 74.5

Took a nap 3 5.5 52 94.5

Read (non-digital content) 27 49.1 28 50.9
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Fig. 1. Change from baseline at each timepoint (δ) of sagittal height (minimum, maximum, astigmatic and mean), bulbar slope (minimum and maximum), and scleral

best-fit sphere. Data are categorized into flattening and steepening trend groups. Violin plots show the distribution for the entire sample, while overlaid line plots dis-

play individual trajectories from a randomized subset of eight participants.
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Correlations with lifestyle habits and descriptive variables

Statistically significant differences in the CVs of scleral parame-

ters were observed for only a few lifestyle-related habits (Table 4).

No significant correlations were found between scleral parameters

and axial length (all p≥ 0.263) or total screen time (all p≥ 0.332).

Additionally, no significant differences in scleral parameter CVs

were found between individuals who did or did not engage in the

following habits: morning water intake (p≥ 0.333), smoking

(p≥ 0.076), morning physical activity (p≥ 0.258), daytime physical

activity (p≥ 0.112), eye rubbing (p≥ 0.090), and reading from non-

digital media (p≥ 0.096).

However, some significant correlations were identified in scleral

parameter CVs and specific lifestyle behaviors. These included: washing

the face in the morning (minimum BS RE; p=0.007), having breakfast

(minimum SH RE and LE; p=0.016 and p=0.001, resp.), drinking cof-

fee in the morning (mean SH RE and maximum SH; p=0.011 and

p=0.040, resp.), drinking coffee during the day (mean SH RE and

scleral BFS RE; p=0.016 and p=0.040, resp.), screen exposure before

bedtime (mean SH RE p=0.036), and experiencing a stressful event

(maximum BS RE and mean SH RE; p=0.031 and p=0.034, resp.). In

addition, statistically significant sex-related differences were observed

in the RE for minimum BS (p=0.020) and astigmatic SH (p=0.042).

Figs. 3 and 4 illustrate these associations.

Fig. 2. Change from baseline at each timepoint (δ) of sagittal height (minimum, maximum, astigmatic and mean), bulbar slope (minimum and maximum), and scleral

best-fit sphere. Data are categorized into flattening and steepening trend groups. Violin plots show the distribution for the entire sample, while overlaid line plots dis-

play individual trajectories from a randomized subset of eight participants.
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Table 4

Statistically significant correlations between scleral parameters, lifestyle habits, and demographic variables.

Variable Parameter Eye p-value Correlation Coefficient (r) Contralateral Eye (p;r)

Age Minimum BS RE 0.033 0.291 LE: 0.222; 0.170

BFS Cornea RE 0.040 −0.280 LE: 0.843; −0.028

Time from awakening to first measurement Maximum BS LE 0.013 0.339 RE: 0.407; −0.115

Minimum SH RE 0.011 0.343 -

LE 0.043 0.279 -

Astigmatism SH LE 0.036 0.289 RE: 0.468; 0.101

Mean SH RE 0.018 0.320 LE: 0.747; 0.045

Hours of sleep Maximum BS LE 0.022 −0.315 RE: 0.746; −0.045

Maximum Sagittal Height LE 0.005 −0.378 RE: 0.347; −0.130

Spherical equivalent BFS Sclera RE 0.028 0.300 LE: 0.213; 0.174

Hours of reading (non-digital) Maximum BS LE 0.031 0.296 RE: 0.423; 0.111

Number of coffees consumed Mean Sagittal Height RE 0.030 0.269 LE: 0.721; −0.050

Abbreviations: BS= bulbar slope; BFS= best-fit sphere;SH= sagittal height; RE= right eye; LE= left eye.

Fig. 3. Boxplots of significant correlations of coefficients of variation of scleral parameters with lifestyle habits and demographic variables. Abbreviations: CV= coeffi-

cient of variation; SH=sagittal height; RE= right eye; LE= left eye.
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Discussion

This is the first reported study to analyze changes in scleral

geometry throughout the day. Although some fluctuations were

observed in scleral parameters, no statistically significant changes

were detected in BS or SH across timepoints. The magnitude of vari-

ability observed was consistent with the intrasession repeatability

limits of the imaging system.

Bandlitz et al.19 reported that the CSP module demonstrates good

repeatability for mean SH, with a mean difference of −0.9 μm. In our

study, variability for this parameter was slightly higher, showing mean

CVs of 0.70± 0.39% and 0.88± 0.69% for the right and left eye, respec-

tively. Yang et al.20 found CVs below 0.96% for mean SH, below 3.65%

for mean BS, and below 29.95% for astigmatic SH in healthy eyes. Our

results support these findings, suggesting that the observed variability

falls within the instrument’s repeatability limits.

In contrast, a study by Read et al. reported significant diurnal

changes in scleral thickness, particularly in the temporal quadrant.21

They observed peak thickness upon awakening and minimum values

around midday. Although our measurements did not reveal statistically

significant diurnal changes in scleral morphology, a non-significant

decrease in BS at 11:30 was noted. This trend is consistent with Read et

al.’s21 observation of a corresponding decrease in corneal thickness at

that time, suggesting a possible shared physiological mechanism.The

apparent stability of scleral geometry throughout the day supports its

reliability as a baseline for contact lens fitting. Our findings confirm that

SH remains stable in the short term, with no significant diurnal changes

that could impact scleral lens fitting. Consequently, any variation in lens

fit or position during wear is more likely due to lens-induced effects,

such as mechanical indentation or deformation, rather than inherent

changes in scleral morphology. Macedo-de-Araujo et al.8 demonstrated

that scleral lens wear can induce changes in SH and reduce tangent

Fig. 4. Boxplots of significant correlations of coefficients of variation of scleral parameters with lifestyle habits and demographic variables. Abbreviations: CV= coeffi-

cient of variation; BS=bulbar slope; SH=sagittal height; RE= right eye; LE= left eye.
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angles in the nasal region at 7.5 mm and 8.00mm chord lengths. How-

ever, our results indicate that diurnal rhythms do not meaningfully influ-

ence these parameters in the absence of lens wear and, therefore, scleral

lens fitting.

Some lifestyle factors showed weak but statistically significant corre-

lations with variations in scleral parameters. These correlations were

asymmetrical between eyes, raising the possibility that habitual sleeping

position may influence in scleral dynamics. Previous studies have linked

sleeping posture to keratoconus progression, intraocular pressure fluctu-

ations, and upper eyelid laxity.22−24 Notably, many of the most pro-

nounced ocular changes —such as shifts in central corneal thickness and

intraocular pressure —occur shortly after awakening. It is worth noting

that the first measurement in this study was obtained approximately

two hours after awakening, which may have missed some early-morning

fluctuations. Such short-term changes could partly contribute to the

diurnal stability observed in scleral morphology. This pattern suggests

that mechanical pressure from the eyelids during sleep could contribute

to morning asymmetries in ocular shape. Thus, sleeping position may

partially explain the observed interocular differences in scleral CVs

reported in this study.Despite limited correlation strengths (r≤ 0.378),

certain statistically significant trends emerged: participants with shorter

sleep duration exhibited greater variation in BS and SH, and those with

longer intervals between awakening and the first measurement dis-

played increased diurnal variability in minimum, mean, and astigmatic

SH. Additionally, sex-based differences were noted, with women show-

ing greater variation in minimum BS and astigmatic SH compared to

men. However, these findings should be interpreted with caution due to

the sample size and variability across groups.

This study has several limitations. First, no measurements were col-

lected immediately upon awakening or during nighttime, which may

have excluded time points critical for characterizing full diurnal pat-

terns. Second, although interocular asymmetries were observed, the

potential role of sleep posture (e.g., ipsilateral vs. contralateral eye con-

tact with the pillow) was not evaluated. Therefore, the influence of sleep

position on interocular asymmetries remains untested, highlighting the

need for future studies to consider this factor. Third, the study sample

was limited to healthy eyes; future investigations should include individ-

uals with ocular surface disorders or ectatic diseases to determine if sim-

ilar stability is preserved. Finally, our analysis focused on parameters

measured within a 15mm diameter, which may have missed regional or

quadrant-specific changes in scleral geometry.

This study provides the first evidence of diurnal stability in the cor-

neoscleral profile of healthy eyes, with no clinically meaningful changes

observed in SH or BS. Observed fluctuations remained within the estab-

lished repeatability limits of the CSP module, confirming the temporal

reliability of these measurements. While statistically significant associa-

tions with lifestyle habits were limited, preliminary trends suggested

possible relationships between scleral variability and factors such as

sleep duration, breakfast consumption, and timing of the first measure-

ment. These findings underscore the need for further research into how

behavioral and physiological rhythms may influence ocular surface

geometry.
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