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1 Anterior eye surface changes following miniscleral contact lens wear

2 INTRODUCTION

3 The prescription of scleral contact lenses as a®lthe number of practitioners who fit scleral

4  contact lenses has notably expanded over the Emtsy[Hartan, 201}[Nau, 2017 [Vicent,

5 2019. Nowadays scleral lens prescription and managénmemo longer limited to highly

6 specialized care centreSdhornack, 2075 Significant improvements in visual acuity, visio

7 related quality of life and ocular surface integhive been repeatedly reported as a consequence
8 of scleral contact lens wear in cases of cornetsex and ocular surface diseaSel{ornack,

9 2014[Visser, 200JLee, 201§Arumugam, 201}Ortenberg, 201BKoppen, 201B

10 Additionally, scleral lenses are increasingly beaogsidered for refractive error correction even

11 in non-compromised eyeS¢hornack, 2015

12 The interaction between the contact lens and téaosurface is a crucial factor in assuring the
13 safety and the comfort of the contact lens wéan¢s, 201jfFadel, 201E However, information

14  on how the entire topography of the ocular surfiscaffected by scleral contact lens wear is
15 scarce. The effect of scleral contact lens weacaneal shape has been traditionally evaluated
16  with Scheimpflug cameras/[ncent, 2014[Soeters, 201pVincent, 201§ The main limitation

17 of these techniques is that their range of measemerns restricted to the cornea. Anterior

18 segment Optical Coherence Tomography (OCT) allovexpand the imaging range to the

19 corneo-scleral transition and sclera, but the amlis limited to selected meridiang:lgnso-

20 Caneiro, 201p

21 Corneo-scleral profilometry has recently provenb® an accurate technique to measure the

22 cornea and the sclera simultaneously in 3-dimess{8®) 360° around, in a non-contact way
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[ J5 Using this technology, we investigated in a jpoeg work that the ocular
surface is altered by short term soft contact leear | ]7 Scleral lenses are hard
and larger than soft lenses, they rest entirelytlom sclera, without touching the cornea.
Consequently, due to the rigid material, largee sind bearing zone we expect to observe greater
changes in ocular surface topography as a consegusEnshort-term miniscleral contact lens

wear than that observed when analysing short-teftrcentact lens wear.

The aim of this work is to describe and quantifwhmuch the whole anterior eye surface is
affected by short-term miniscleral contact lens nvédterations in corneal region, corneoscleral

junction and sclera up to 16 mm diameter are censdlin this study.

METHODS

This study was approved by the Antwerp Universityspital Research Ethics Committee and
adhered to the tenets of the Declaration of Heislk subjects gave written informed consent to
participate after the nature and possible consempseof the study were explained. Participants in
this study included 12 young, healthy adult sulsi€tD females, 2 males) aged 29.9 + 5.7 years
old (mean + SD). This sample size was chosen basezhlculations conducted using previous
published data on: scleral topographyo| ]7and also corneal flattening and
morphological scleral changes following short-tezontact lens wear\j } [

} The later data suggested that a sample sizeeket® and 11 participants would
yield 80 % power to detect 30 um morphological demas a consequence of miniscleral
contact lens wear, while the previous publishedh dat scleral topography({

], suggested that a sample size of 10 participaotsld yield 80% power to detect 40n
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differences in scleral elevation at the 0.05 sigaiit level. This value was chosen according to
the inherent noise of the measuring device in thmen-scleral peripheral area. The utilized
corneo-scleral topographer was proved to provideovbe4d0 um error for an extended
measurement area of 16 mm diameter in calibrateficiadl surfaces. FPrior to
commencement of the study, all subjects were serketo exclude those with any
contraindications to contact lens wear (i.e., digant tear film or anterior segment
abnormalities). All the participants but two werntact lens neophytes. Those two participants
were occasional soft contact lens wearers, butodiswed lens wear for 24 hours prior to
commencing the study, to minimize the effects df Ems wear on the ocular surface. None of
the subjects were previous rigid contact lens weararticipants had no prior history of eye
injury, surgery or current use of topical oculardigations, specified by the participants as a part

of a background questionnaire.

Contact lensfitting

Contact lens fitting was performed by an experidnoptometrist (MVH). The lens designed
used was the miniMISA miniscleral lens, provided Microlens (Arnhem, The Netherlands).
The lenses were made of highly gas-permeable raldrik = ),  um central thickness
and had a diameter of 16.5 mm. The lens was irtserte the patients left eye with preservative
free saline and assessed using a slit lamp. 16nsgof corneal bearing were observed, the sagittal
depth of the lens was increased (in 100 um incréshemd the fit reassessed. Corneal clearance
was assessed immediately after lens insertion drmaliBs after lens settlingy/[ ] using

an anterior spectral domain OCT (RTVue, Optovue, Ikcemont, CA, USA). The callipers
within the analysis software were used to deterntives position of the back surface of the

miniscleral contact lens and the anterior surfddb® cornea to provide a measure of the central
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corneal clearance at the position of the cornd@xeThe mean initial central corneal clearance
was 276 = 26um , that was reduced to 225 + P& after lens settling following 2 hours of

miniscleral lens wear.

Data collection

The study was conducted over three sessions orsdahee day. Each session included six
measurements from each eye with a corneo-scleddligmeter (Eye Surface Profiler (ESP),
Eaglet Eye BV, Netherlands), a height profilometgth the potential to measure the corneo-
scleral topography far beyond the limbus. To deteensurface heights, algorithms used in ESP
achieve similar levels of accuracy to those readhekeratoscopy based instruments such as
Placido disk videokeratoscopés/{; J Accurate measurements of anterior eye surface
using ESP require instillation of fluorescein wéhmore viscous solution than saliriekf

]. The BioGlo (HUB Pharmaceuticals) ophthalmicpdnvere used to gently touch the upper
temporal ocular surface. They were impregnated Witimg of fluorescein sodium ophthalmic
moisten with one drop of an eye lubricant (HYLO4Rarlmg/ml of sodium hyaluronate).
Subjects were instructed to open their eyes widw pne measurements with ESP to insure full
coverage of the corneo-scleral area. Measurememsich the corneo-scleral area was covered

by eyelids were excluded.

Baseline measurements were conducted in the momuittga minimum of two hours after
awakening in order to control the influence of dalrvariation | band before contact
lenses insertion (Oh, session 1, baseline measuter(ldB)). Measurements were also acquired
immediately post lens removal following 5 hoursaadar (session 2, M5) and 3 hours after lens
removal (i.e., 8 hours after initial lens inserjigsession 3, M8). Following lens removal the

corresponding eye was re-examined using a slit-lenmgssess the anterior eye. Participants were
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continuing their normal daily activities betweenre timeasurement sessions that constituted

office/computer work.
Data analysis

Following data acquisition, the raw anterior eyeghe data (three columns witK, Y, andZ
coordinates) was exported from ESP for furtherysisl To ensure that the data is not tilted, the
realignment was performed by first calculating adgsic (straight line that joins two points in a
given surface) of specific distance from the addéing a 3D plane to the geodesic, and then
correcting the data with the estimated tilt. Thisrection is necessary to ensure the repeatable

demarcation of the corneo-scleral region withifiedldnt measurements.

First, limbal transition was calculated in 360 sen@ridians, using a custom written algorithm,
as the point corresponding to a certain amounthahge in the curvature between cornea and
sclera | J Further, a best-fit-circle was estimated usimg points which demarcated
the anterior limbus surface in each semi-merididre planar radius of this circle was termed the

planar corneo-scleral limbal radius, or shortly lilngbal radius.

Secondly, for each 3D map, the sclera and cornea atgomatically separated at the level of the
limbus, with a certain margin of tolerance, basedhe results obtained when calculating limbal
radius. Mean elevation of corneal (0.0-11.0 mm dier) and scleral region (13.0-16.0 mm
diameter) was calculated with custom made softw@okeral annulus was further divided into
four sectors for statistical analysis: superior,I=30]°, inferior [230,310]°, nasal [40,320]° and

temporal [140,220]°. Right eyes were correctechiaror symmetry.

The statistical analysis was performed using SR88vare for Windows version 24.0 (SPSS

Inc., Chicago, lllinois, United States). The Shepivilk test was used to test the distribution type



113 (Gaussian or non-Gaussian) of all continuous vieesalbNormality of all sets of data was not
114 rejected (p >0.05). The ANOVA-repeated-measuremetdst (adjustment for multiple
115 comparisons: Bonferroni) was performed to ascemduather there was a change in limbal radius
116 between sessions. The same test was performeddssashether there was a change in the mean
117 corneal and scleral elevation between sessionsciMi@s test of sphericity indicated that the
118 assumption of sphericity had not been violatedny ANOVA case under analysis. The level of

119 significance was set to 0.05.

120

121 RESULTS

122  All data reported in this section are given forreotly fitted miniscleral contact lenses that did
123 not induce any noticeable physiological signs it Elmp examination. It was found that
124  miniscleral contact lens short-term wear had assieally significant effect on the corneo-scleral
125 area. In particular, values in limbal radius (Talb)eand scleral elevation after miniscleral lens

126 wear were found to be statistically significanfeliént from baseline records.

127 Table 1. Limbal radius comparison intra session under tifisénce of wearing miniscleral contact lens durfing
128  hours period (first column) and without wearing tzm lenses, fellow eye (second column). Baselirasurements
129  were acquired in the early morning (MB); immedigtafter contact lens removal (M5) and three hotter aemoval

130 (M8); in the same time interval measurements das acquired for the fellow eye. Data was obtainig ESP and
131 processed with a custom made algorithfmr Pn/a’ stands for ‘non applicable’.

132

Limbal radius under the . -
h Diurnal changes in limbal
influence of 5 hour .
o radius — no contact lens
miniscleral contact lens
wear (fellow eye)
wear
MB 6.03+ 0.1 6.03 + 0.1
Mean + SD (mm) M5 6.18+0.12 6.03 +0.14
M8 6.08 +0.1! 6.02+0.1;
. . s .|  MBvsM5 p =0.004 p=0.626
Testing thbee(;i\:\tf:éﬁnsceeslsrilollrgbal radiu MB Vs M8 p=0.153 p=0.310
M5 vs M8 p = 0.026 p =1.000
Average increment (um) (between MB & M5) 146 + 80 /an
Maximum absolute change (um) (between MB & 340 n/e
Minimum absolute change (um) (between MB & M5) 20 /an
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The observed increment in limbal radius was rewkBshours after contact lens removal for 42%
of the participants (5 out of 12). It was assuntet timbal radius comes back to its original size
when it is within the range of £ 20 um from the ddase measurement. That range was chosen
according to the lateral resolution of the instratndhe mean difference between M8 and MB
limbal radius amounted to 50 + 60 um. Figure 1 shdve observed increment in limbal radius

for the 12 subjects and compares the results Wwitldllow eye.

640y T T
! Miniscleral lens
wear
Fellow eye
E 6,207 T
E
»
2
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s
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|
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MB M5 M8
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Figure 1. The boxplot illustrates the changes in limbaliwador 12 subjects who participated in the expentn
within the three sessions: before contact lens We&), immediately after contact lens removal (M&)d 3 hours
after contact lens removal (M8). Blue color cor@sgs to the eye which wore a miniscleral contans,levhile
green color corresponds to the fellow eye. Asteridénote statistically significant difference betwesessions. For
details see text.

Miniscleral lens wear did not result in significazdrneal flattening. The group change over a
11.0 mm corneal diameter wa8 £+ 17 um immediately after lens removal (p=1.000), which

coincides with the results obtained for the felleye between M5 and MB,-4 = 11 um

(p=0.153). Contrarily, miniscleral lens wear reedlin significant scleral flattening. The group



149 change over the scleral region under analysis {18.0 mm diameter) amounted 422 + 90
150 um (p=0.003), which did not completely regressetlaseline values 3 hours after lens removal,
151 -94 £ 108um (p=0.045). Differences within scleral sectors avalso found (Figure 2). Within
152 sessions two-way ANOVA test revealed differencevben inferior and nasal (p<<0.001),

153 inferior and superior (p=0.021) and nasal and teal{p=0.001) sectors.
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155 Figure 2. Left: Scleral elevation within sectors for eaassion. Right: Difference respect to baseline ierat

156 elevation within sectors. Sessions: Before corltact wear (MB), immediately after contact lens real@M5) and

157 3 hours after contact lens removal (M8).

158 A positive statistically significant correlation wéound (R = 0.567 , p = 0.004) between scleral
159 flattening (in absolute value) and limbal radiusrement, suggesting that as a consequence of

160 miniscleral lens wear, the more the sclera flatteesmore limbal radius increments.

161 Statistical power post-hoc estimation was made. drredysis was conducted for 80% power at
162 the 5% alpha level. For a sample size of 12 sujelifferences in limbal radius of @0n and

163 differences in scleral flattening of 4@n could be differentiated.

164
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DISCUSSION

To our knowledge, this is the first study to examichanges, and their recovery, in corneal,
corneo-scleral and scleral topography following rsierm miniscleral contact lens wear,
analysing 3D anterior eye surface maps, 360° arounthis study it was found that a relatively
short-term of miniscleral contact lens wear modifteae shape of the anterior eye surface. In
particular, limbal radius increment and scleraktélaing were observed as a consequence of

miniscleral contact lens weatr.

Limbal radius increment after miniscleral contaend wear amounted, on average, to 146 + 80
pm. This value is slightly larger than that obtainghen following the same protocol using
silicone hydrogel soft contact lenses, 130 £ 74 [(n. ]/ The observed increment
in limbal radius was reversed 3 hours after contawcts removal for 42% participants when
wearing miniscleral contact lenses, and 68 % ppeits when wearing soft contact lenses. This
result is in accordance with the previously repbrdservation that the more the limbal radius

increments, the longer it takes for the effecteadversed( ]

The magnitude of corneal flattening as a consequefaniniscleral contact lens wear, which
amounted, on average, +8 £ 17 um was smaller than that previously reported by ¥mcand
colleagues which amounted, on average; 8 + 20um [ ], who found statistical
significant differences in corneal shape followiminiscleral lens wear. They analysed corneal
flattening by means of corneal axial curvature gsioheimpflug imaging, while in this work we
examined height elevation maps using profilomeffjsis methodological differences could
justify the differences found. In addition, in thewvork they took into account the diurnal
fluctuations in all corneal parameters measuredvever, we did not find a statistical significant

difference between the control eye and the eyehithwthe lens was worn. Our findings are in
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accordance with a more recent work, also by Vieemd colleagues\j }, in which
posterior corneal curvature was reported to rersthle following 8 hours of miniscleral contact

lens wear.

Scleral flattening was found to be the most notiteaffect as a consequence of contact lens
wear. This flattening amounted, on average;182 + 90um (p=0.003), implying a 3.7 + 2.7 %
change from its original (baseline) size. Thistéaing was reduced 3 hour after lens removal, it
amounted, on average, 184 + 108um. However, it was still significantly significadifferent
from baseline values. In a previous work, Alonsa€leo and colleagues investigated scleral
thickness following 3 hours miniscleral contactdemear using OCT.Al ]
They reported a mean decrease in thicknes24f+ 4 um, which diminished 3 hours after lens
removal, but was still significantly thinner relai to baseline. Our findings on scleral
topography change as a consequence of 5 hoursnigabeiral lens wear are in line with their

results.

Scleral flattening as a consequence of minisclersd wear was not uniformly distributed 360°
around. Statistical significant differences in saldlattening were found among sectors, being
the superior sector the most affected by ministlers wear (Figure 2). Scleral toricit{ {

I Il T may result in an uneven distribution of the load
for a spherical lens design, like the ones usedha experiment, which might consequently
contribute to uneven compression across quadr@nrientation of extraocular rectus muscle
insertions, eye lid forces and lid position haverbeesignated as potential factors influencing
scleral shapeH ] Likely, these factors would also influence ttteet of wearing
miniscleral contact lenses. In a recent work orbafrshape differences in radial distance among

guadrants were found, being the superior seminagrithe shortest] ]} This
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difference was justified by the effect of the egietiressure on this area. We conjecture that,
precisely due to the eye lid forces and positi6ie Ii] J'the greatest changes in
scleral shape as a consequence of miniscleral dolias wear was observed in the superior

sector.

The interaction of scleral contact lenses withaheerior eye surface and the influence they have
on the physiological processes of corneal tissukinslamental to ensure a safe wear. Static
theoretical models, that did not account for dyrateiar changes that occur during lens wear,
have been proposed regarding the oxygen supplyhéocbrnea during scleral lens wear.
[ PI H |5 Based on theoretical calculations, it was
suggested that the higher the Dk value, the biettisrms of minimizing hypoxia-induced corneal
swelling as a consequence of contact lens weaeri@gca number of short-term clinical studies
have attempted to quantify corneal hypoxic charages result of scleral lens wear (high DK).
[ i H } The results from these works suggested that
modern high Dk miniscleral contact lenses, do mouce clinically significant corneal edema
following short term of scleral lens wear. Minis@kecontact lenses used during this study met
this requirement. However, different reaction amneal response to contact lens wear
depending on the distance from its center coulaeected because contact lens thickness is

usually not uniform.

Note that the results presented need to be pueisppctive by considering the instrument’s
measurement noise. The ESP corneo-scleral topograded for data acquisition has been
demonstrated to provide an RMS error of <10 umthar central 8 mm area of a calibrated

artificial surface and < 40 um for an extended meawent area of 16 mns} FOur
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analysis was performed for an area with a diamefted — 16 mm. It is worth noting that the

internal measurement error of the device is minaxomparison to the values reported.

The small sample size could be seen as a limitatidhe study, besides the prior power analysis,
confirmed by the post hoc test. All participantsevgoung and healthy with normal cornea and
sclera, and no history of ocular disease or sclerad wear. Consequently, the results must be
interpreted with caution and may not be applicdtteolder patients or those with ocular disease

or abnormal anterior eye surface.

The market on scleral lenses has tremendously dsetk over the last years. Advances in
ophthalmic instrumentation played a key role irt #3gpansion. Also, the rise of formal pathways
to undertake training to expand clinical capalastirelated to contact lens fitting not only for
qualified practitioners but also at undergraduateell [ } has facilitated that more
practitioners included scleral lenses in their fotid. Similarly, the expanding governmental
regulations that might limit the use of trial leasia clinical practice, || ] is another
reason that has contributed to the expansion efaclenses. The asymmetrical nature of the
sclera or limbal bearing have been acknowledgetittasy challenges associated with scleral
contact lenses/[ I Limbal and scleral shape play a fundamental oolescleral lens
design [ B Consequently, gaining knowledge on how the phlggly of these
structures is affected by scleral lens wear migp tpractitioners in the fitting process and

follow up.

In the present study, limbal radius increment wasé for all, except for two, participants. For
those two subjects the limbal radius increment @fuh was at the resolution limit of the
instrument. In addition, those two participants evéine only ones that did not experience a

significant scleral flattening as a consequencendfiscleral contact lens wear. These results
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remark the importance of lens-subject biocompaiybilt is important to notice that in some of
the studied cases more than 0.6 mm increment inalirdiameter or 30@m scleral flattening

were found and these changes were unavailabletextiminer using a slit lamp.

CONCLUSION

Short-term miniscleral contact lens wear altersieorscleral and scleral topography but do not
produce significant corneal shape changes. Gaikimugvledge on the effects of lens settling,
could help the practitioner prevent cases of scldemnching or discomfort due to an excessive

compression of the lens.
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