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ABSTRACT
Purpose: To determine if regional variation in post lens fluid reservoir thickness (PLFT) during scleral 
lens wear leads to regional variation in oxygen transmissibility and corneal edema during 4 hours of non-
fenestrated scleral lens wear.
Methods: About 20 healthy subjects (mean age, 28.8 ± 4.2 years) were fitted with nonfenestrated rotation-
ally symmetric scleral lenses. Anterior segment optical coherence tomography was used to measure cornea 
thickness before and after lens wear, PLFT 10 minutes and 4 hours after lens application, and scleral lens 
thickness (with the scleral lens in situ) 4 hours after scleral lens application. These measurements were 
limited to the central 6 mm and divided into three zones (central, mid- peripheral, and peripheral zones). 
In the mid-peripheral and peripheral zones, eight principal meridians were measured, generating 17 
measurement points in total. Scleral lens thickness and PLFT measurements were corrected for optical 
dis-tortions by a series of equations. Oxygen transmissibility was calculated by dividing the scleral lens 
oxygen permeability by the optically-corrected scleral lens thickness, taking into account the oxygen 
permeability of saline and fluid reservoir thickness.
Results: A significant regional variation in PLFT (F = 12.860, P = 0. 012) was observed after 10 minutes 
of the lens application, PLFT was thickest and thinnest in the inferotemporal and the superonasal region of 
the peripheral zones( 322.6 ± 161.8 µm and 153.8 ± 96.4 µm, respectively); however, this variation was not 
statistically significant at 4 hours of scleral lens wear (F = 4.692; P = 0.073). Despite significant regional 
variation in oxygen transmissibility (F = 48.472; P = 0.001) and relatively low oxygen transmissibility 
through the scleral lens, induced corneal edema did not vary significantly in different regions (F = 3.346; 
P = 0.126). In the central corneal region, the induced corneal edema correlated moderately with PLFT (r =
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0.468; P = 0.037) and oxygen transmissibility (r = -0.528; P = 0.017). This relationship was insignificant in 
the peripheral cornea.
Conclusion: The inferotemporal peripheral region had the thickest PLFT and least oxygen transmissibility, 
and the superonasal region had the vice versa. Despite significant variation in PLFT and oxygen transmis-
sibility initially, in healthy corneas, this variation does not seem to induce statistically significant regional 
variation in corneal edema. Increased central PLFT and decreased oxygen transmissibility moderately 
correlate with central corneal edema.

Keywords: corneal oedema; oxygen permeability; oxygen transmissibility; scleral lenses; tear reservoir 
thickness

INTRODUCTION

The fluid reservoir underneath the scleral lens
corrects corneal irregularity in ectatic corneal dis-
eases such as keratoconus, pellucid marginal cor-
neal degeneration, and high corneal astigmatism.1 It 
also provides symptomatic relief and an ecosystem 
for severe dry eye management and ocular surface 
disease.1 Though scleral lenses were first described 
at the end of the 19th century, their clinical use was 
limited because of manufacturing limitations and 
poor oxygen permeability, which could cause cor-
neal hypoxia.2

Gas permeable materials were first described 
in scleral lens manufacture in 19833; however, the 
thickness of the modern scleral lens and the fluid 
reservoir underneath it still create a barrier to oxy-
gen available to the cornea.4 These factors can cause 
corneal oedema5 because of anaerobic metabolism 
and a change in the ion concentration within the 
cornea in a hypoxic environment.6 The corneal 
endothelium maintains corneal hydration through 
the pump-leak mechanism.7 But a recent study 
demonstrated that after 25 minutes of scleral lens 
wear, the endothelium itself develops blebs,8 and 
scleral lenses fitted in post graft corneas has been 
shown to induce significant corneal edema.9,10

Studies also show that scleral lens-induced cor-
neal edema is stromal and peaks at about 90 minutes 
after lens application;11 although interindividual 
differences in the magnitude of corneal edema 
induced by scleral lenses exist.12 Kim et al.’s13 study

on central corneal swelling showed that scleral lens 
wear with post lens fluid reservoir thickness (PLFT) 
of less than 400 microns produced less than 2% cen-
tral corneal swelling. Based on their oxygen trans-
port modeling calculations, a change in PLFT from 
50 microns to 400 microns increased corneal swell-
ing by only 1–1.5%, with oxygen transmissibility 
greater than 10 h Barrer/cm. Similarly, another study 
that evaluated the effect of varying oxygen perme-
ability (Dk of ranging from 32 to 115) and scleral 
lens thickness (ranging from 0.15 to 1.20 mm) on 
central corneal swelling reported that the increase 
in oxygen permeability and decreasing scleral lens 
thickness (thereby increasing oxygen transmissibil-
ity) showed a significant decrease in central corneal 
edema.5 However, this study found the relationship 
between cornea edema and oxygen transmissibility 
was nonlinear for high levels of oxygen transmissi-
bility. Not surprisingly, several other studies showed 
that scleral lenses with high oxygen permeability fit 
with a fluid reservoir thickness of ≤300 µm induced 
corneal edema of less than 2% after 3–8 h of scleral 
lens wear.14,15 This amount of corneal edema maybe 
considered minimal compared with corneal swell-
ing induced by eye closure when asleep.14

Nevertheless, there is an undeniable relation-
ship between the level of oxygen available to the cor-
nea, the PLFT underneath the scleral lens, and the 
oxygen transmissibility of the lens. Theoretically, 
the oxygen tension available at the cornea surface 
decreases with higher PLFT in healthy eyes.16 Nau 
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Scleral lens trial
    Scleral lens fitting was done by a single examiner 
using a nonfenestrated spherical 16 mm scleral lens 
(Europa, Visionary Optics Inc., Boston XO, USA) 
with a center thickness of 400 µm and oxygen 
permeability (Dk) of 100 Fatt Dk units obtained from a 
diagnostic set. A 46D base curve lens, with a sagittal 
height of 4660 µm was applied as the initial lens based 
on the manufacturer’s guide for fitting regardless of 
keratometry readings; if the initial central PLFT 
exceeded 400 microns based on slit-lamp evaluation 
using the lens thickness as a reference, the sagittal 
height of the lens was decreased, and if the central 
PLFT was less than 100 microns, the sagittal height 
was increased. After 30 minutes of settling, the fit 
was reassessed and adjusted if required. Anterior 
segment optical coherence tomography (AS-OCT) 
(Optovue Inc, CA, USA) was used to measure the 
PLFT. A lens fit was deemed acceptable if it met 
the following criteria after 1 hour of setting:

1. Central and limbal PLTT was ≤350 and 
<150 microns, respectively, based on 
AS-OCT assessment.

        2. Absence of blanching or impingement of 
               conjunctival vessels and no edge lifts.
        3.    Absence of corneal or conjunctival staining, 
               no  conjunctiva impression or epithelial 
               edema on lens  removal.

The lens placed in the study eye had a median 
power of of -0.50 DS (range, 0.00 to -2.50DS). The 
finalized lens was used in the second visit of this study. 
The corneal thickness was measured one day after the 
first visit after at least 3 hours after waking up and 4 
hours of scleral lens removal using the AS-OCT 
device, respectively. This device showed eight radial 
line corneal scans, at a 6 mm length with 1024 A-scans 
per line over 6 mm corneal diameter divided into three 
zones with reference from the center: 0–2 mm (central 
zone); 2–5 mm (mid-peripheral zone); and 5–6 mm 
(peripheral zone) (Figure 1). The mid-peripheral and 
peripheral zones were evaluated in the eight corneal 
principal meridians: superior, superonasal, nasal, 
inferonasal, inferior, inferotemporal,

et al.17 reported a significant decrease in PLFT after 
2 hours of scleral lens wear with the PLFT in the 
inferior region within the central 2 mm of the area 
examined, showing the greatest decrease in PLFT 
(54%), and the least was noted in the temporal 
region. Vincent et al.18 reported that tilting of the 
optic zone in the central 6 mm of the scleral lens, 
with the greatest asymmetry of PLFT, was noted in 
the horizontal meridian of the scleral lens (nasal vs. 
temporal regions) followed by the superior nasal vs. 
the inferotemporal region.

No clear understanding is still available as 
to how the regional variation in scleral lens PLFT 
leads to regional variation in oxygen transmissibil-
ity and corneal edema induced by scleral lens wear. 
Hence, this study aimed to determine the presence 
(or absence) of regional variation in fluid reservoir 
thickness and oxygen transmissibility during scleral 
lens wear and whether such variation was associ-
ated with regional corneal edema variation.

METHODS

This prospective study involved 20 eyes of 20 
healthy participants (12 females and eight males; age, 
28.8 ± 4.2 years). The study approval was obtained 
from the Health Research Ethics Committee of the 
Federal Capital Territory Administration (FCTA) 
Abuja, Nigeria, and followed the tenets of the 
Declaration of Helsinki. Participants recruited were 
residents of the Gudu district in Abuja, Nigeria and 
they provided written informed consent.

The study included participants with spheri-
cal equivalent refractive error of ±4.00 D, no oph-
thalmic or systemic disease, intraocular pressures 
between 10 and 20 mmHg, no history of contact 
lens wear, or previous ocular surgery were included. 
One eye was randomly selected to be used for the 
study. The procedures were divided into two visits: 
the first visit was the eligibility visit and scleral lens 
trial; the second visit involved measurement of the 
finalized scleral regional PLFT at 10 minutes and 
4 hours after wear and measurement of the scleral 
lens thickness.
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side equidistant from the cornea central in the 
peripheral zone (Figure 2). This measurement was 
repeated for four meridians at 10 minutes and 4 
hours intervals with a scleral lens in situ; thereby, 
generating 17 PLFT in the 17 regions. Scleral lens 
thickness was also measured similarly. On-eye 
scleral lens thickness measurement allows for the 
lens thickness measurement, PLFT, and change in 
corneal thickness in the same region.

The scleral lens thickness and PLTT measured 
with the AS-OCT device is an apparent image and 
can be affected by the lens curvature, the refrac-
tive index of the scleral lens material, and spatial 
distortions for noncentral locations. The equa-
tion series proposed by Ramasubramanian and 
Glasser22 was originally employed to correct opti-
cal distortions in soft contact lens thickness mea-
sured by the Visante AS-OCT was used to correct 
the raw scleral lens thickness and PLFT measured 
with the AS-OCT.

Equation (1) was used to determine the curva-
ture of the front scleral lens power, Equation (2) to 
determine the vergence to the image of the posterior 
scleral lens surface after refraction by the front scleral 
lens surface, Equation (3) was used to determine the 
vergence of the posterior scleral lens surface before 
refraction by the front surface of the scleral lens, and 
lastly, the actual corrected scleral lens thickness was 
calculated using Equation (4) as the distance before 
refraction by the front surface of the scleral lens to 
the actual posterior scleral lens surface.

 scl =
1000( BostonXO − air )

fs

n nF
r

 (1)

inferonasal, inferior, inferotemporal, 
temporal, and superotemporal, totaling 17 
measurements of PLFT, scleral lens thickness, 
and corneal thickness for each AS-OCT scan. 
Hence the comparison of corneal edema, scleral 
lens thickness, and PLFT was performed in these 
zones. Participants fixated on a target within the 
device and a circular reticule was centered within 
the pupil visible through the preview monitor to 
ensure the same area was scanned each time.

Scleral lens thickness and PLFT were measured 
using the caliper tool in the AS-OCT device by using 
the minimum distance method.19 This method mea-
sures the minimum distance between 2 opposing 
layers and has been previously used in other studies 
in measuring ocular tissue thickness.20,21 The caliper 
tool method is less prone to errors than the popular 
axial method and yields measurements close to the 
LaPlace method (a more mathematically complex 
and reliable method).19

The PLFT was determined by measuring the 
shortest distance between the inner surface of the 
posterior scleral lens to the anterior corneal surface 
in the three zones and 17 regions. The PLFT mea-
surements were performed in the following zones: 
(i) primarily in the central zone; (ii) two locations 
equidistant from the central PLFT in the mid-pe-
ripheral zone; and (iii) two locations, one on each

FIGURE 1. Anterior segment optical coherence 
tomography pachymetry map showing the 17 cor-
neal regions over the central 6 mm cornea.

FIGURE 2. Measurement of PLTT in the differ-
ent corneal regions and zones over the central 6 mm 
cornea.
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followed sequentially from Equations 2–4, replac-
ing nBoston with nsaline. The final l-value obtained in 
Equation (4) represents the corrected PLFT.

The oxygen transmissibility (Dk/t) of the scleral 
lens-tear reservoir system in different regions was 
calculated using the resistance formula previously 
proposed by Weismman et al.,23 used to calculate 
the oxygen transmissibility of a piggyback contact 
lens system. Later in 2012, Langis et al.24 reused this 
equation in calculating transmissibility through a 
scleral lens (Equation 6).

 
1 1 2 2

1/
( / ) ( / )SCLDk t
t Dk t Dk

=
+

 (6)

where Dk/tSCL is the oxygen transmissibility of the 
scleral lens tear reservoir system, t1 is the optically 
corrected thickness of the scleral lens (cm), Dk1 is the 
oxygen permeability of the scleral lens (100 Fatt Dk 
units), t2 is the optically corrected PLFT (cm), and 
Dk2 is the oxygen permeability of saline (assumed 
to be 80 Fatt Dk units.25

Statistical analysis
Data normalcy was determined using Shapiro-

Wilk’s test. The difference in the corneal thick-
ness before and after scleral wear in each corneal 
region was tested for statistical significance using 
the paired Student’s t-test. The variations in the cor-
rected PLTT at 10 minutes and at 4 hours of scleral 
lens wear and corneal edema at different regions, 
scleral lens thickness in the 6 mm region of the 
scleral lens, and the Dk/t of the scleral lens tear 
reservoir system were analyzed by analysis of vari-
ance. Post hoc pairwise comparison was conducted 
using the Bonferroni correction when indicated.

Pearson correlation analysis determined the 
relationship between regional PLTT, regional cor-
neal thickness, tear reservoir system oxygen trans-
missibility, and corneal edema. A P value of <0.05 
was considered statistically significant. Data are 
presented as mean ± standard deviation (SD). SPSS 
Version 22.0 (IBM Corps, Armonk, NY) was used 
to carry out all statistical analyses.

where Fscl is the power of the front scleral lens sur-
face, nBostonXO is the refractive index of the scleral 
lens material, which is 1.415, nair is the refractive 
index of air which is 1.00, and rfs is the radius of 
curvature of the front surface of the scleral lens.

 1000 ( )×′ =
′
BostonXOnL

l
 (2)

where L′ is the dioptric image vergence and l’ is the 
AS-OCT measured scleral lens thickness in milli-
meters (mm).

 L = L′ – Fscl (3)

 1000×
= airnl

L  (4)

where l is the optically corrected scleral lens thick-
ness and nair is the refractive index of air which is 
1.00.

The same equation series was used to calcu-
late the corrected PLFT. However, in Equation (1), 
instead of calculating the Fscl alone, the effective 
power Ftotal was calculated (Equation [5]). This was 
determined by first calculating the front surface 
power of the PLFT (FPLFT) alone (which was neg-
ative because of movement from a high to lower 
refractive index surface, i.e., the scleral lens to tear 
reservoir), and then adding this to the front surface 
power of the scleral lens (Fscl) as it plays a role in 
the magnification of the PLTT front surface power; 
this final value was deemed the Ftotal. Secondly, 
refractive index of the tear reservoir system used 
was 1.334 (refractive index of saline) in place of the 
refractive index of air.

 PLTT
1000( saline BOSTON )

bs

n nF
t
−

=  (5)

 Ftotal = FPLFT + Fscl.

where FPLFT is the power of the front surface of the 
PLTT and Ftotal is obtained by adding the FPLFT to the 
Fscl. After obtaining the Ftotal, the equation is then 
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thickest and the thinnest regions, respectively, after 
4 hours of scleral lens wear.

Scleral lens thickness
The corrected thickness in the central 0–2 mm 

region of the scleral lens was 286.4 ± 39.2 µm. The 
means of the corrected scleral lens thickness in dif-
ferent regions within the 6 mm of the scleral lens 
is presented in Table 1. The scleral lens thickness 
in the superior 2–5 mm region within the central 
6 mm of the scleral lens was noted to be the thick-
est (306.0 ± 45.3 µm) followed by the superior 5–6 
mm region with a thickness of 304.9 ± 43.1 µm. 
The thinnest region within the central 6 mm of the 
scleral lens was noted in the superior-nasal region 
of the 5–6 mm zone of the scleral lens (265.3 ± 
33.2 µm). However, this variation in the corrected 
scleral lens thickness within the central 6 mm was 
not statistically significant (F = 3.366; P = 0.124).

Corneal swelling after 4 hours of scleral lens wear
Following 4 hours of scleral lens wear, a sig-

nificant increase in corneal thickness was noted in 
all regions of the cornea compared with baseline 
measurements before scleral lens application (P = 
0.001). The greatest increase in corneal thickness 
was noted in the inferior region of the peripheral 
cornea (5–6 mm) zone with a mean increase of 
14.2 ± 10.8 µm, and the central corneal showed the 
least increase (mean increase,6.3 ± 7.3 µm).

Although the central 0–2 mm region of the cor-
nea showed less corneal swelling compared with other 
peripheral regions of the cornea, the regional variation 
in corneal edema was not statistically significant (F = 
3.346; P = 0.126). However, the pairwise comparison 
showed a significant difference in the induced corneal 
edema between the central versus the inferior regions 
in the mid-peripheral (2–5 mm) and peripheral zones 
(5–6 mm) of the cornea (P = 0.048).

Correlation between PLFT, regional corneal  
thickness, and corneal edema

There was a fair relationship between the PLFT 
assessed after 4 hours of scleral lens application and 

 

RESULTS

Regional variations in post lens tear reservoir
thickness

A significant regional variation in PLFT was
noted 10 minutes after scleral lens application 
(F = 12.860; P = 0. 012) in the central 6 mm of the 
scleral lens. On comparing the PLFT in the central 
0–2 mm zone, the PLFT variation was statistically 
significant in 11 regions. However, this variation 
was not significant in five regions (the inferonasal 
and superotemporal region in the 2–5 mm zone; 
the inferior, inferotemporal, inferonasal, and the 
superotemporal regions of the 5–6 mm zones). The 
thickest PLFT was noted in the inferior tempo-
ral region of the 5–6 mm zone of the scleral lens 
(mean [SD], 322.6 [161.8] µm), and the thinnest 
PLFT was noted in the superior nasal region of the 
5–6 mm zone of the scleral lens (mean [SD], 153.8 
[96.4] µm).

PLFT asymmetry was noted in different 
regions of the scleral lens, with a higher asymmetry 
in the 5–6 mm zone than the 2–5 mm zone. The 
greatest asymmetry in PLFT across the scleral lens 
opposing regions was observed in the inferotempo-
ral versus superonasal region of the 5–6 mm zone 
with a mean difference of 168.8 µm (P < 0.001). The 
variation in mean PLFT in different regions of the 
scleral lens is summarized in Table 1.

However, after 4 hours of scleral lens wear, 
the regional variation in PLFT across the different 
regions of the scleral lens was not statistically signif-
icant (F = 4.692; P = 0.073). Although pairwise com-
parison revealed statistically significant differences 
in PLFT in the inferior, superior, superior nasal, 
and infeotemporal regions in the mid-peripheral 
(2–5 mm) zone compared with the central region 
(P < 0.05). Likewise, there was a statistically sig-
nificant difference noted in pairwise comparison in 
the superior, inferior, temporal, inferotemporal, and 
superior nasal regions in the peripheral zone (5–6 
mm) compared to the central (P < 0.05).

The inferotemporal and the superonasal PLFT 
in the 5–6 mm zone of the scleral lens remained the
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Variation in scleral lens system Dk/t
There was a statistically significant varia-

tion in the oxygen transmissibility of the scleral 
lens-tear reservoir system (Dk/t) across different 
regions within the central 6 mm of the scleral lens 
(F = 48.472; P = 0.001). The mean Dk/t of the sys-
tem in the central 0–2 mm was 20.5 ± 6.8 Fatt Dk/t 
units. The super-nasal and infer-temporal quadrants 
in the 5–6 mm zone had the highest and least oxy-
gen transmissibility in the regions studied, 26.8 ± 
7.1 and 16.4 ± 4.6 Fatt Dk/t units, respectively. The 
variation in the mean Dk/t of the scleral lens tear 
reservoir system is summarized in Table 2. There 
was a negative moderate correlation between Dk/t 
and corneal edema in the central region (r = -0.528; 
P < 0.05), the inferior and temporal regions of the 

the induced corneal edema in the 0–2 mm central 
cornea; this correlation was statistically significant 
(r = 0.468; P = 0.037). In the 2–5 mm corneal region, 
the correlation between in PLFT assessed at 4 hours, 
and the induced corneal edema was not statistically 
significant in the regions within this zone, except 
for moderate correlation in the inferior (r = 0.549; 
P = 0.012) and fair correlation in the inferotemporal 
regions (r = 0.447; P = 0.048). In the 5–6 mm region, 
the relationship between regional PLFT assessed at 
4 hours and corneal edema was not statistically sig-
nificant in any of the regions evaluated.

There was no correlation between corneal 
thickness in different regions of the cornea before 
scleral lens application and regional corneal edema 
in all the regions evaluated (P > 0.05).

TABLE 1 Mean ± SD PLTT with Corresponding Corneal Edema Induced in Different Corneal Regions 
and the Correlation Coefficient of Corneal Edema versus Regional PLFT after 4 hours. 
Location Initial-PLTT (µm) 4 hour-PLTT (µm) P-value Edema (%)a r valueb SLT (µm)
0–2 mm 243.2 ± 120.9 205.5 ± 134.6* 0.001 1.2 ± 1.4 0.468* 286.4 ± 39.2
I 2–5 mm 295.6 ± 134.7 168.0 ± 105.0* <0.001 2.0 ± 1.6 0.549* 273.0 ± 40.1
S 2–5 mm 202.5 ± 108.0 270.5 ± 167.2* 0.003 1.4 ± 1.5 0.081 306.0 ± 45.3
N 2–5 mm 206.5 ± 107.5 172.3 ± 95.8* <0.001 1.3 ± 1.7 0.272 278.0 ± 33.9
T 2–5 mm 282.5 ± 132.0 241.1 ± 132.3* <0.001 1.7 ± 1.3 0.411 293.0 ± 38.6
SN 2–5 mm 193.5± 102.3 152.6 ± 98.2* <0.001 1.2 ± 1.7 0.178 273.2 ± 35.5
ST 2–5 mm 253.0 ± 122.1 195.6 ± 114.8* <0.001 1.4 ± 1.2 0.374 291.9 ± 47.2
IN 2–5 mm 251.1 ± 111.9 215.2 ± 116.9* 0.011 1.8 ± 1.8 0.323 289.7 ± 46.1
IT 2–5 mm 303.2 ± 140.2 266.6 ± 142.6* 0.042 1.9 ± 1.6 0.447* 300.2 ± 44.5
I 5–6 mm 309.1 ± 139.7 126.7 ± 78.9* <0.001 2.6 ± 1.9 0.279 271.4 ± 43.5
S 5–6 mm 174.1 ± 104.0 284.4 ± 164.0* <0.001 2.0 ± 1.9 –0.035 304.9 ± 43.1
N 5–6 mm 176.3 ± 97.2 139.4 ± 79.6* <0.001 1.3 ± 2.0 0.283 271.3 ± 30.1
T 5–6 mm 304.3 ± 137.1 261.5 ± 136.2* <0.001 1.9 ± 1.4 0.372 292.0 ± 24.5
SN 5–6 mm 153.8 ± 96.4 104.4 ± 66.0* <0.001 1.5 ± 2.1 0.314 265.3 ± 33.2
ST 5–6 mm 241.6 ± 122.1 186.8 ± 108.6* <0.001 1.6 ± 1.6 0.294 280.5 ± 40.2
IT 5–6 mm 322.6 ± 161.8 286.7 ± 149.4 0.216 2.3 ± 1.6 0.153 300.7 ± 41.4
IN 5–6 mm 253.6 ± 115.9 215.6 ± 114.7* 0.017 2.0 ± 2.4 0.108 292.0 ± 43.7

CT, corneal thickness; S, superior; I, inferior; N, nasal; T, temporal; IN, inferior nasal; IT, inferotemporal; SN, superonasal; 
ST, superotemporal; SLT, scleral lens thickness; PLTT, post lens tear reservoir thickness. 
aThe percentage of corneal swelling after 4 hours of lens wear. 
bPLTT at 4 hours versus corneal edema correlation coefficient. 
*Statistically significant (P < 0.05).
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mid-peripheral zone (r = -0.531; P < 0.05 and r = 
-0.467; P < 0.05, respectively), and the temporal 
region of the peripheral zone (r = -0.459; P < 0.05). 
The other correlations were fair to poor without sta-
tistical significance. The correlation between the 
scleral lens system Dk/t and the induced corneal 
edema in different regions examined is summarized 
in Table 2.

DISCUSSION

In the present study, the thickest and thinnest 
PLFT were noted in the inferotemporal and supero-
nasal regions within the 5–6 mm zone of the scleral 
lens, respectively. This finding differs from the 
study outcomes of other studies, where the thick-
est and thinnest PLFT were in the temporal and the 
nasal regions of the scleral lens, respectively.17,18 
The difference in results maybe because of the mor-
phological changes after scleral lens settling, vari-
ation in scleral topography, lens decentration, and 
difference in lens designs studied. Morphological 
changes in the conjunctiva and episcleral tissues 
after scleral lens wear has been shown in the supe-
rior region because of blinking and scleral lens com-
pression.26 Scleral topography data indicates that the 
nasal region is notably the most elevated portion of 
the sclera,27 leading to temporal lens decentration. 
Studies investigating scleral lens decentration report 
an inferotemporal decentration which explains our 
findings.28,29 This may also account for the thinnest 
PLFT presence in the superonasal region. There is 
no data regarding scleral topography in Africans 
or whether ethnic variation in scleral topography 
exists; however, such differences, if present, may 
affect scleral lens centration and fit characteristics 
in different races.

However, after 4 hours of scleral lens wear, 
the variation in PLFT was no longer significant in 
most of the studied regions, which agreed with the 
previously reported Vincent et al.’s study18 Here, 
an initial regional variation in PLFT was noted 
immediately after lens application and plateaued in 
90–120 minutes post lens application. Their study 

TABLE 2 Mean Variation in the Scleral Lens-
tear Reservoir Thickness Oxygen Transmissibility 
(Dk/tSLS) in the Different Regions and the 
Correlation between Dk/tSLS and Corneal Edema.
Location Dk/tSLS r valuea

0–2 mm 20.5 ± 6.8 –0.528*
I 2–5 mm 22.5 ± 6.6 –0.531*
S 2–5 mm 17.3 ± 5.7 –0.060
N 2–5 mm 22.0 ± 6.7 –0.280
T 2–5 mm 18.3 ± 5.4 –0.467*
SN 2–5 mm 23.5 ± 7.8 –0.189
ST 2–5 mm 20.3 ± 6.0 –0.417
IN 2–5 mm 19.5 ± 6.0 –0.386
IT 2–5 mm 17.4 ± 5.7 –0.423
I 5–6 mm 24.8 ± 6.3 –0.313
S 5–6 mm 16.7 ± 5.1 0.097
N 5–6 mm 24.0 ± 6.5 –0.309
T 5–6 mm 17.5 ± 4.9 –0.459*
SN 5–6 mm 26.8 ± 7.1 –0.226
ST 5–6 mm 21.1 ± 6.1 –0.332
IT 5–6 mm 16.4 ± 4.6 –0.189
IN 5–6 mm 19.3 ± 5.8 –0.193

SLT, scleral lens thickness; Dk/tSLS; oxygen transmissibility of 
scleral lens tear reservoir system. 
aDk/tSLS versus corneal edema correlation coefficient. 
*Statistically significant (P < 0.05).

also noted that the superior nasal region of the most 
peripheral portion of the regional PLFT settled 
first at 90 minutes before other areas stabilized at 
4 hours. Depicting those areas with thinner PLFT 
settled earlier than with thick PLFT. Interestingly, 
the thinnest PLFT in the present study was also the 
superior nasal region of the peripheral zone.

While some studies have reported less corneal 
edema after scleral lens wear than that seen in the 
present study,15,30 another study reported higher cor-
neal edema (ranging from 1.5 to 4%).16 The reason 
for such conflicting results maybe because of the 
oxygen transmissibility of the scleral lens used, tear 
reservoir thickness, duration of lens wear, and other 
possible reasons.
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The classic oxygen transmissibility threshold to 
avoid hypoxia-induced central corneal edema 
during daily contact lens wear is 24.1 Fatt Dk/t units, as 
proposed by Holden and Mertz,38 which was later 
revised to 35 Fatt Dk/t by Harvitt and Bonanno.39 In 
the regions evaluated in the present study, only the 
inferior and the superornasal region of the 5–6 mm 
corneal zone attained the Holden and Mertz crite-
rion, and none attained the Harvitt and Bonanno 
criteria. Not surprisingly, the superonasal portion of 
the 5–6 mm region had the thinnest PLFT and 
scleral lens thickness. Despite the low oxygen trans-
missibility calculated in this study’s population. The 
highest mean percentage of corneal edema of 2.6% 
was noted in the inferior region of the 5–6 mm zone, 
which surprisingly had the second-highest scleral 
lens system oxygen transmissibility. This amount of 
corneal edema is less than the physiological cor-neal 
edema induced by sleep and still does not reach the 
level where it may be detected as corneal striae 
during routine slit lamp evaluation.40 To the best of 
our knowledge, this is the first article to report 
significant regional variation in oxygen 
transmissibility following scleral lens wear in a 
healthy population.

Although the variation in scleral lens thickness 
observed in this study was not statistically signifi-
cant, other studies have reported quite the opposite 
by using the LaPlace method.41 Most likely because 
the area examined in this study was limited to the 
central 6 mm when the back optic zone diameter of 
the lens design used in this study was 8 mm, hence 
minimal thickness variation may not be a surprising 
finding. In clinical practice, scleral lenses are fitted 
mostly on compromised corneas; post penetrating 
and lamellar keratoplasty, a steady decline in 
endothelial cell count greater than that seen in healthy 
eyes occurs (7.8% vs. 0.52%).42,43 Hence, caution is 
required when fitting such eyes to avoid 
complications of corneal edema, and practitioners 
need to evaluate the PLFT in all regions and pay 
attention to the areas with greater PLFT.

This study does have some limitations; the 
large SD noted in the corneal edema may be 
because of the large SD in PLFT and scleral lens 
thickness

Despite studies recommending lesser PLFT,24 

evidence of scleral lenses with higher PLFT with 
minimal corneal edema abound.31–33 Such differ-
ences between experimental and clinical observation 
maybe because of the endothelial cell pump mech-
anism,34 tear exchange underneath the scleral lens, 
and seal-off after scleral lens settling.35 Even though 
a significant PLFT variation 10 minutes after scleral 
lens application and clinically significant variation 
was noted in some regions after 4 hours of wear, the 
variation in corneal edema was insignificant after 4 
hours of lens wear, similar to the findings of another 
study.14 This finding maybe because regional varia-
tion in PLFT after scleral lens application does not 
last long enough to induce a measurable regional 
difference in corneal edema. This phenomenon may 
not hold for post graft corneas, as Kumar et al.,9 

noted statistically significant regional variations in 
edema induced after scleral lens wear in postpene-
trating keratoplasty patients. More edema was noted 
close to the inferior graft-host junction.9

A fair to moderate correlation between the 
PLFT assessed 4 hours after lens application, cor-
neal edema in the 0–2 mm (central) zone, and the 
inferior and inferior temporal regions in the 2–5 
mm zone was noted in the present study. However, 
the relationship between regional PLFT and corneal 
edema after 4 hours of application was not statis-
tically significant in the 5–6 mm peripheral cor-
neal regions. This difference in the significance of 
corneal edema about the PLFT noted in different 
regions maybe because of a difference in endothelial 
cell count distribution in the cornea. Studies report 
increased endothelial cell count in the cornea 
periphery compared to the center in humans,34,36 
this may leave the central cornea prone to 
corneal swelling in a hypoxic environment. 
Central endothelial cell count has been shown to 
positively correlate with central and peripheral 
corneal thickness in children37 and the elderly;36 
hence corneal thickness may serve as an 
indicator for endothelial cell count health. 
However, the corneal thickness before scleral lens 
application did not correlate with induced corneal 
edema in the present study.
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corneal edema did not vary significantly in the stud-
ied regions.
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