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Abstract

e To revise the peer-reviewed literature on geometric
properties of the scleral-conjunctival structure in order to
define their clinical relevance and the potential relationship
between their changes and myopia development or
progression. A bibliographic search focused on the study of
the geometry of conjunctiva and/or sclera as well as those
studies evaluating the relationship between geometric
changes in the scleral-conjunctival structure and myopia
was carried out. Several studies have been performed
with different diagnostic technologies, including optical
coherence tomography, profilometry and Scheimpflug
imaging, to detect geometric changes of the scleral-
conjunctival tissue in different physiological conditions of
the eye, after use of contact lenses and in different ocular
pathologies. Likewise, these technologies have been shown
to be a valuable clinical tool to optimize scleral contact
lens fitting. Future studies should investigate new potential
clinical applications of such technologies, including the
evaluation of anterior scleral changes related to myopia, as
well as to define standardized clinical standard operating
procedures for obtaining accurate and reproducible clinical
measurement of the scleral-conjunctival morphology.
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INTRODUCTION

he conjunctiva is the transparent, thin membrane that
T covers a great portion of the anterior surface of the
ocular globe and the internal surface of the eyelids. It has two
segments: palpebral conjunctiva, which is the portion that
covers the internal surface of both the lower and upper eyelids,
and bulbar conjunctiva, which is the portion that covers the
front part of the sclera, stopping at the junction between
sclera and cornea!’. These two portions of conjunctiva are
continuous and have several relevant functions: to maintain
the front surface of the eye lubricated and moist as well as the
internal surface of the eyelids. Thus, they eyelids open and
close without friction or inducing eye irritation, protecting the
eye from dust, debris and infection-causing microorganisms.
A great variety of small blood vessels are present in the
conjunctiva that provide nutrients. Likewise, there are also
special cells in this structure that secrete components of the
tear film'"'. In spite of the large quantity of studies that have
been performed about anatomical and histological aspects of
this structure'”*, there was a scarce peer-reviewed literature
about their geometry which has been suggested to be mostly
influenced by scleral geometry.
More than 80% of the surface of the eyeball is covered by
the sclera, which is below the bulbar conjunctiva, extending
from the optic nerve to the corneal area”’. The junction area
between cornea and sclera is called limbus. The thickness of
the sclera is very variable, ranging from about 0.3 to 1.0 mm.
The structure of this fibrous layer consists of collagen fibrils
that are small fibers with an arrangement in irregular and
interlacing bundles. This interweaving of fibers with random
arrangement is the main factor accounting for the mechanical
strength of the eyeball. As the sclera has a limited blood supply,
it is almost inactive metabolically and can be considered as
an avascular structure”’. In conjunction with the intraocular
pressure (IOP), the scleral structure is the main responsible for
the maintenance of the shape of the eyeball, protecting the eye
from damage, such as that produced by laceration or rupture



Int J Ophthalmol, Vol. 13, No.9, Sep.18, 2020 www.ijo.cn
Tel: 8629-82245172  8629-82210956  Email: ijopress@163.com

as a consequence of an external trauma. This structure is also
a sturdy attachment for the extraocular muscles allowing the
movement and alignment of both eyes”. As happened with
the conjunctive, few studies have been conducted to analyse
the geometry of this structure mainly due to the complexity of
obtaining an in-vivo measurement of such geometry.

The objective of this study was to revise the peer-reviewed
literature on geometric properties of the scleral-conjunctival
structure in order to define their clinical relevance and the
potential relationship between their changes and myopia
development or progression.

METHODS

A bibliographic search was carried out using the Medline
Mesh Database. The following publications were obtained and
selected for these keywords: sclera, including the subgroups
diagnosis, diagnosis imaging, growth and development: 41
articles; limbus cornea, including the subgroups diagnosis,
diagnosis imaging, growth and development: 3 articles;
corneoscleral topography: 6 articles; eye surface profiler: 8
articles. Furthermore, the following search equations were
additionally used: sclera AND myopia: 74 articles; review
AND myopia: 10 articles. From these 142 articles, 56
articles were confirmed to be repeated for the different search
strategies used. Therefore, a total of 86 different articles were
finally obtained.

Selection Criteria From the 86 articles found, a total of 38
articles were specifically selected for the current study. The
selection criteria were articles in English focused on the study
of the geometry properties of conjunctiva and/or sclera as well
as those studies evaluating the relationship between geometric
changes in the conjunctival-scleral structure and myopia.
Articles in Chinese, Russian and German were excluded as
well as articles focused on computer assisted modelization.
Finally, a total of 26 articles corresponding to scleral analysis
in human patients were obtained (Table 1). Likewise, a total of
8 articles corresponding to scleral analysis in human cadaveric
eyes or animals were obtained (Table 2).

RESULTS

Measurement Methods of the Scleral-conjunctival
Geometry Different technologies have been used to study
the geometry of the sclera (Table 3). Several experimental
methods like the electron and light microscopy, uniaxial
mechanical tests, second harmonic generation imaging and
the histomorphometric analysis have been used with cadaveric
eyes and/or animals to define the scleral-conjunctival
geometry, its evolution with age and its relationship with
different ocular pathologies. Despite the important and accurate
information obtained with these experimental methods, these
last are not clinically applicable. Norman et al'” analysed the
thickness of the sclera by micro-magnetic resonance imaging.

This is an effective and accurate technique to obtain the scleral
radius (SR), but it is an expensive technique and somewhat
impractical for a general clinical use. The Scheimpflug camera
technology has also been used to measure SR, but Tiffany
et al”’ showed that this methodology is not the best for this
measure as it reaches an average error of 9.2%. The most
recent technologies of anterior segment optical coherence
tomography (AS-OCT) allow obtaining a 3D reconstruction of
the anterior segment, but the acquisition is always done through
a sequence of multiple scans that cover a limited area of the
anterior segment of the eye (Figure 1), This technology has
been shown to be valid for a precise characterization of the
corneoscleral limbal junction in different meridians, allowing
an estimation of scleral toricity and helping in the selection of
the most optimum design of scleral lens to fit in each specific
case'"!. Likewise, the optical coherence tomography (OCT) is
also useful for the evaluation of the ocular response to scleral
lens wear'"’. However, these types of devices are not currently
providing elevation maps of the whole anterior surface and do
not include advanced modules of simulation of scleral contact
lens fit. One problem associated to the measurement with this
technology as well as with the rest of devices evaluating the
sclero-conjunctival geometry is that the manual retraction of the
eyelids to obtain a larger area of analysis may induce a distortion
of the original front anterior segment shape due to the effect of
traction of the extraocular muscles (flattening of the curvature of
the anterior sclera) and a non-controlled pressure on the eyeball.

Unlike OCT technology, the sMap3D system is based on
multi-gaze profilometry using fluorescence staining for
the detection of the ocular surface, with potentially less
limitation by a scanty tear film, ocular surface anomalies, or
corneal scarring or irregularities (Figure 2)!'*. The sMap3D
measurements of scleral toricity and sagittal height (SAG) for
a chord of 16 mm of diameter are repeatable, which suggests
that they may be suitable to use for scleral lens fitting"”'. This
system has been shown to be accurate for measuring the actual
surface topography (elevation of the ocular surface) even
with irregular corneas, but could be more imprecise in the
measurement of corneal power in normal corneas compared to
systems based on Placido disc. Another potential problem with
this technology is that in order to get accurate measurements of
the scleral-conjunctival tissue, several images at different sight
positions must be acquired and integrated using a computer
program. Specifically, the measurement requires an image with
a central sight, another with a downward sight and also with an
upward sight with all the difficulties and potential deformations
that this entails due to the pressure performed by the upper and
lower eyelids over the eye and the eye muscles that deform
the scleral structure by the tractions they produce during these

measures.

1485



‘uonoun( [e10]9s-00u10)) 1S ‘ewoone[3 9[3ue uado Arewl] :DY O ‘U0ISuauadAy Je[noQ (L HO ‘ewoone[s UoIsud) [eULION DN SNIPRI [BIS[OS S SSOUNOIY} [BIS[OS S {SSAUNOIY) [BOUIOD [BIU))

:1LDD ‘Adoasoronuolq punosen|n [NFN I9[Joid 99BLING 9AH :JSH ‘suorsuowrp 1y (¢ ‘odoosouweyiydo sose| Suruuess :01S ‘AydeiSowo) 9oua1oyod [eondo uowsas JouAuy ([DO-SV AyderSowo oouaroyod [eondo 1100

(ATNOL-000T-TV JAIOWOI dY3) 1A ULIS-Y/

Corneo-scleral topography and biomechanics

594 o1doAwr Jo Jsow Ul [[oYS [BID[IS Paudeam A[[eorueyoouwolq 5ok ordonowwd pue drdorodAy ur v1ods yns
SUONIBLIEA [RUINIP 00ULIOX0 SSOUDIY) BAJOUN(UOO PUE BIO[OS JOLIUE ],

sadonouwruo ueyy sadoAwr ur paounouold srow Sureq ‘uonepowIiodde Yyim adeys [LI9[os Ul SoSueyd oe 919y |,
1nds [e19]9s oy 0} Joud)sod ww ¢ Je 1soyS1y oY) aIe safueyd Aprenonted sodoAw ur jueoyrudis A[jeroadsa
o1oMm sAFuBYO ASAY [, "UONEPOWO0dE FuLnp Suruuryy juedyIuSis A[[esnsnels nq [[ews e pooudliodxe BIDOS IOLDIUL Y],

SoTureuAp 11y SudJ JorIU0D JOs dsA[eue 0} eiep dqen|eA apiaoid elep [e1o[osoouod [ereyduad enxa [DO

sdnoi3 oruyie usamiaq pue syueipenb Fuowe ApuroyIudis 0YPIp [SD

UIP[IYO pue synpe Junok

Ayj[eay ur uoned0[ JUAWAINSEAW ) 0} FUIPIOIOE SB [[oM St Iopudd pue a3e [yym d3uLyDd SSAUNDIY) [BANOUN[UOD pue [RIS[OS
91yo1d [eI9]0$-03UI00 JUIOUSNUI J0JOR] UIRW 3} SI 9Ty

10110 QAT)ORIJI
10 3SUQ| [BIXE 0) PAJBIOOSSE JOU SI UONEL[OLI0D SIy ] Inds [e19[os oy} je jussaxd s1 AJuo S pue DD U09M)Oq UOIIB[OLIO))

s[onuod pue ‘Oy0d ‘LHO Suowe jou axe Loy 1nq ‘S0K0 HI N UI PAJE[OLI0d d18 S Pue 1))

SILIO[OS OSNIP Ul §109J0 onnadelay) pue A)IANOR UOHBWIWEUL 9JEN[EAD 0} Pash oq Ued [D)O-SV YL

9qoI3 18[N20 Ay Jo A1adoid B paIopISuOd ABW PUL BIUIOD AU} 0] PAIILISAT
9q 0] W0dS JOU SOOp wWisHeWSNse 0I10joIoy ], wsnewsnse PIm soko ur sodeys [IO[OS PUB [BAUIOD JO UOTB[OIIOD © ST dIOY],

1omod aAnjoeIjar
92 oY) IM PRJe]aII0d J0 pAjeldI-aSe jou ySnoyyfe uopuddop-uosiod st yorym odeys [eoLoWIASE Ue Sey Snquul] Uewny Y,

doejans 949 juoiy o Jo Anowoyyoid Aq paureiqo
eyep yS1oy [euorsudwipLy Sursn opour as1991d pue dAISEAUI-uou € ul A[os10a1d pauruiialop oq ues uonisod snquurj JoLoue Y [,

ISuQ] [eIXe IBJNO0 AY) JO UONLWISI USAIS B ()IM UOTRUIqUIOd
ur S ynm paimboe doeps Ie[noo juolj jo Aydeisodoy jeuorsuawurp-oa1y) Jursn uoistodrd Y3y s paje[na[ed oq ued S YL,

S0A0 Aj[eay [ewIou Ul 049 Yo pue JYSLI udomoq adeys [eID]OS U PUNOF IOM SOIUISPIP JuedYIUSIS ON "Xode [eouroo
WOIJ 9OUB)SIP [RIPBI [IIM SISBAIOUT AnduAse siy ], -adeys juapuadop-102[qns & Juraey ‘OLIOWWASE A[[EUOIIR)OI ST BID[OS UBINE]

A3o0[0uyo2) SIY) YIIM pajen|eAd os[e 2q Ued 2J.JINS 942 JOLIdIUE AU} UO JedM SUI[ JOBIU0D [BI[OS JO 1oedul [ROTURYOIW J ],

‘PlIW 29 0] punoj sem A3o[ouydd) JSg Y Suisn SeAUI0d Ie[nSALIl pue Je[NSAI PIM SIAD udsam)aq 2deys [BIS[OS UI SOIUAIYI
S9K9 Ayeay 01 paredwod SNUOJ0IRISY PIOUBAPE PUR SIRISPOW YIIM SIAD Ul ATOWIWIASE [BIS[OS-[BIUIOD JO S[IAJ] DYSIH
A9BINOOE YIIM PAINSBIW 9q ULD BIS[OS PUB SNqUII| ‘BIUI0D SUIPN]OUL 943 Jy) JO doeJINS JoLdjue 3y Jo Ayderdodor oy,

uo[3a1 [BI9]9509UI0J Jo uonewojul [esrydeidodo) (¢ oY) woly uoneorewdp snquury [edryderdodo) as1001

W 9| JO IOJOWRIp € I0J sanjeA 1ySioy [eniSes pue A10LI0) [BI9[OS JO SULId) Ul SustaInseaw ajqereaday]

oFewt payns 9zes-¢ & JuIsn UGyM PIAISSQO 10U ST UOTEIIWI] SIY) 9Senuod uf 1ojewo[goid qedens oy

Sursn oFewnr ozeJ-)ySiens o[3uls B Jo 9sn dY) 0 PAILIJOSSE SI FUINY SUI| [BIS[OS Sunodye AJRINOOBUI JUSWAINSBIW JUBOYIUSIS
juespenb [erodwdjoradns oy s paredwoo jueipenb [eseuoradns oy ur Judrpeld [eI0[0s [ENpeIS dI0

SUOTIB[NOTED [eONRIAYRW

oy10ads pue Surssaoo1d oFewr 101j 90RJINS [RIS]OS JOLIIUE YY) JO TIPLI AY) JO JUSWAINSEAW 3} 10J [00) [nNJosn K104 & ST [DO-SV
AydeiSodoy [eauros jo yuopuadopur a1e [Ipel [eI9[0S

%T6
JO JOIIO UBSW (PIM Inq }02[qns [ENPIAIPUI Yord 10J A[9jeTedds POUTILIANNP 9q AJ[ePT UBD BIJ[OS PUE BOUIOD JO INJBAIND JO SINJBA

onbruyo9) uoIsIoWWI ANoWoIq PUNOSEIN|

1D0-SV
19]yo1{ dorjng 9Kg

1D0-SV
100 pue £Ad0osoie1ofodpIA

LOO-SV

1D0-SV
1oyder3odor )0ESIN PUB 1LDO SV

ndan

Ndn
LDOO-SV

dsd
dsd
dsd
dsd
dsd

dsd
dsd
dsd
dsd
agcdens

asdes

LDOO-SV

1D0-SV
ydeigoreray] snnoQ pue OIS/1D0 s0dQ

erowed Ingduroyog

s300[qns 98 wWoIj sAKd 7/ | 600 ‘(¢ UOHEIN

syuoned 61 910T “gPeod

synpe Ay)[eay gz Wolj sokd pf fasuo)
(sodonouruud 810C
0¢ pue sadoAw (7) syuaned o (¢ 910101 -UBIUPOOAN

syuonred (g

(ouneT 91
pue ‘ueiseone)) 9] ‘ueisy 91) syuoned gy

110T ‘(g lleH

Y10T ‘(UL
a3e jo

SIBAA [ ¢ pue ()] U2aMI2q pasde s102(qQns 1] 910 ‘[, P

uewny 407 €10T ‘o lleH

sioned op | 900T g BUOAIIO
(STenprApul [ewiou [¢ pue “OIN UM [¢ 600C
‘OVOd YA [€ LHO Wim [¢) siuoned 71 “ | T0ON-PaWEe o

syuoned 41 L10T ‘2P0

S}Npe g woij soAd pf 810 ,g0fosu0)

syuaned 4/ L10T ¢, .0fesuo)

soKo ¢ 910T ‘gofesuo)

so4a ordonouwnuo ¢ LTOT ‘(o SNSOf

syuaned G woiy sake (6 610T ‘i, 0fosu0)
610T
syuoned g1 ‘0 MeIy-ap-0pade

$0A9 [EULIOU 8§ PUE SAD SNUOJ0JLIDY [T 610 (o 00UId

S0Ad UeWINY 9 PUL SIOLJINS IS, 910 |, RPUBYS]
soko uewny g¢ L10T ‘(o SNSOf

syuoned ¢z Jo sokd 67 810T ‘(¢ RAOEN2A

syuaned ¢z Jo sakd 67 LT0T “( /RAENo

syuoned 4¢ P10T [y, Breyesey]

syuened 7 Y10T “(loud

syuaned (¢ L10T “g@npueg

syuaned g woiy sakd 7 00T ‘(,AuegIL

ssurputy

JUSUIOINS LA
[eADOUN[UOO-TRI[OS A1) 10] PASN POYIOIA

syuoned ‘sakq 1894 ‘10UINe ISI1]

3 Ayyreay ut £1)9w0dg [eARIUN[U0I-[RII[IS 3Y) SUNBN[BAD SIIPNIS [BIUI]D JO SINSLIdJIBIRYD puUeR SFUIPUY Urew 3y) Jo Arewrwing [ d[qeL,

1486



www.ijo.cn

No. 9, Sep.18, 2020

Vol. 13,
8629-82245172  8629-82210956

Int J Ophthalmol,

Tel

@163.com

: ijopress

il

Ema

d.

lize

0n using

iti
isual

ted area of sclera can be v

imi

Figure 1 Characterization of the corneo-scleral trans

OCT, showing that only a |

10390} 9[qronpul-eIX0dAH :[H PIo. d19[onuoqry (YN ‘Surdewr 90uBu0sal dNAUSRIA (A SSOUNDIY) [BIJOS ],

Figure 2 Characterization of the corneal-scleral surface with
the sMap3D profilometer A: Gaze images acquisition; B: 3

gazes stitched together; C: Normal 2D scleral elevation map; D:
Figure 3 Characterization of the corneo-scleral surface with the
The Fourier domain profilometry with the Eye Surface Profiler
(ESP) System consists of two blue-band projectors and a
central camera with a yellow filter that captures an image of
the front surface of the eye. The great advantage of this system
is that it simultaneously analyzes an area of up to 20 mm diameter
including more than 250 000 points the supposes the covering
of all corneal tissue, limbus and large part of the sclera. This
system allows obtaining a precise corneo-scleral topography
(Figure 3)"*"7. The full 3D scleral maps obtained with the

Keratoconus 2D scleral elevation map.

ESP profilometer.
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ESP profilometer provides a very complete analysis of the
shape of the human sclero-conjunctival surfaces. According
to the measurements obtained with this device, human sclera
has been shown to be rotationally asymmetric, showing a
subject-dependent geometry. The nasal area of the sclera is
less elevated than the temporal area. Furthermore, there is an
increase of the asymmetry of the sclera considering a radial
distance from corneal apex to periphery!*. Furthermore, for
healthy subjects, no statistically significant differences in
scleral shape were present between right and left eyes'". With
a specific estimate of the axial length, these scleral maps can
be used to obtain a precise measurement of the SR""”. The ESP
device also allows characterizing the anterior limbus in a non-
invasive and precise mode by processing the tridimensional
anterior eye height data obtained with this device"”. This
topographical information of limbus is not strictly coincident
with the maximum rate of colour change from iris to sclera that

[20

can be observed in en-face imaging®™”. Likewise, the human

limbus has an asymmetrical person-dependent shape, which is
not related to age or the ocular refractive power™™".

All these devices allow a characterization of any type of ocular
surface contour and therefore an appropriate selection of
the most optimal landing zone design of a scleral lens for its
optimal fitting, adequate vaulting over cornea and limbus, and
ideal alignment on the sclero-conjunctival surface”.
Geometric Variations in the Scleral-conjunctival Profile
Several authors have analysed the geometric changes of
the scleral-conjunctival tissue in different physiological
conditions of the eye (age, gender, measurement location,
accommodation, diurnal changes), after contact lens wear
and in the cases of different ocular pathologies (keratoconus,
glaucoma, scleritis). Shen er a/”’’ demonstrated with the
histomorphometric analysis of explanted eyes of children with
retinoblastoma as well as eyes from adults with malignant
melanomas or end-stage glaucoma that there is an increase
of scleral volume associated to primary eye growth up to 2
years of age. After this age, scleral and choroidal volume
remain constant, with thinning of scleral and choroidal layers
especially at the posterior pole in those eyes with longer axial
length. Hall et al** demonstrated in subjects of age between 18
and 65y that age is the main factor influencing corneo-scleral
profile. Variations of this ocular topography alsowith height,
gender, ethnicity and refractive error have been also found.
Similar trends have been recently reported using Fourier-

domain OCT in a sample of healthy eyes™".

26]

Wang et al™ reported a constant change of the structure
of different scleral regions. The diameter of collagen fibrils
experienced a relevant increase during the post-embryonic
early growth stage, which was found to improve the elastic

modulus of the scleral tissue. Looser arrangement of scleral

collagen fibrils has been observed in the posterior sclera
compared to those that are present in equatorial and anterior
sclera during the growth and development process, with the
posterior sclera also showing a large number of small diameter
collagen fibrils. Thus, the posterior scleral elastic modulus was
found to be lower than that of the equatorial and anterior sclera.
Considering that the structure of the anterior and equatorial sclera
tends to be more stable than that of the posterior sclera, it may
be more likely to change in some scleral-related diseases or
alterations, such as in high myopia and scleral ectasia. These
experimental finding are consistent with the results obtained
by Read et al*” in human subjects aged between 10 and 31y.
Scleral and conjunctival thickness experience significant age
and gender-related variations as well as changes according
to the measurement location. Refractive error, however, does
not appear to significantly influence the anterior scleral (or
conjunctival) thickness in this population of young subjects.

Concerning the corneoscleral junction, Tan et al*"
demonstrated that the angle and topography of the corneoscleral
junction is different between ethnic groups (Asian, Caucasian,
and Latino). Caucasians showed significantly higher angle
and rougher surface of the corneoscleral junction than Asians
and Latinos. Some differences among ethnic groups have been
found, although these ethnic differences are not the same for
all quadrants. The nasal quadrant has a much more pronounced
corneoscleral angle and/or rougher corneo-scleral junction
(CSJ) profile. These results agree with the results obtained
from Hall et al*”

be sharpest at the nasal area, becaming progressively flatter at

who found a tendency of mean CSJ angle to

the temporal, inferior, and superior areas. Steepest mean scleral
curvature was also observed in the temporal sclera, with more
similar curvature in the superior, inferior and nasal scleral
planes.

Besides all this research, there are also some scientific evidence
about changes occurring in the scleral-conjunctival structure

3% were the first

with accommodation. Woodman-Pieterse ef al*
in providing evidence of the presence of a significant anterior
scleral thinning associated to the process of accommodation.
These changes were found to be especially significant at 3 mm
posterior to the scleral spur in myopic eyes. These regional
differences may be associated with regional variations among
refractive error groups of the thickness of ciliary body reported
previously by other authors, regional differences in the ciliary
muscle contraction with accommodation, or differences in
B9 Another

research group have also demonstrated recently that the

the scleral response to these mechanical forces

scleral shape experiences changes with accommodation, being
more pronounced these changes in myopic eyes compared
to emmetropes”'’. All these evidences suggest that the
geometry of the anterior sclera may change due to the action
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of ocular muscles (extraocular and ciliary muscles) during the
accommodation process. In eyes that can accommodate, the
mechanical effects of accommodative convergence dominate
over those induced by the ciliary muscle, although both effects
can occur simultaneously. Considering the location of the
‘anchor point’ of the main extraocular muscles responsible for
accommodative convergence on the sclera, a more significant
change could be expected in the horizontal meridian than in
the vertical. The uniform effect of the ciliary muscle is present
but somehow ‘masked’, as the not uniform contribution of
extraocular muscles is more relevant”'.

Read et al®® provided the first evidence of diurnal variations
of anterior scleral and conjunctival thicknesses. This confirms
that studies requiring precise measures of the thickness of these
anatomical layers should be performed considering a specific
period of day to take the measurements. Most of changes in
these thicknesses occurred in the early morning immediately
after waking, with a larger magnitude for those occurring in
the conjunctiva. Thickness changes at other times of the day
were of lower magnitude and not representing in most of cases
a statistically significant change.

Concerning myopia, loss of scleral tissue and subsequent
scleral thinning have been found to occur rapidly during

33 e e .
!, However, this initial tissue loss

axial myopic development
experience a progress without significant alterations to the
collagen fibril diameter distribution associated. In the long
term, an increased number of small diameter collagen fibrils is
present in the sclera of highly myopic eyes, which is consistent
with findings in humans and is likely to contribute to the
weakened mechanical properties of the sclera. Additionally,
corneal and scleral shapes have been found to be correlated in
eyes with astigmatism, which suggests that astigmatism is not
restricted to the corneal structure and could be be considered a
property of the entire eye globe™.

In the field of ocular pathology, some studies have been
conducted to characterize changes occurring in the scleral-
conjunctival geometric profile in different diseases. Pifiero et
al™ detected in moderate and advanced stages of keratoconus
a significantly more asymmetric anterior scleral-conjunctival
geometric profile rather than in healthy eyes. These results
suggest that a potential geometric alteration exists in both
the diseased cornea and the anterior sclera of the moderate
and advanced stages of keratoconus. Kuroda et a/"”
demonstrated that the swelling of diffuse scleritis occurred
within the episclera rather than in the scleral stroma. Since
OCT visualises the morphology of the episclera and sclera,
it can be useful for evaluating inflammation activity and
therapeutic effects in diffuse scleritis. Mohamed-Noor et a/’”
reported a correlation between central corneal thickness (CCT)
and scleral thickness (ST) among eyes with normal tension

1490

glaucoma (NTG), but no correlation was seen among groups
of eyes with ocular hypertension (OHT), primary open angle
glaucoma (POAG) and controls. Likewise, Oliveira et al""
demonstrated that the CCT only correlated with the ST at the
scleral spur, with no relationship to axial length or refractive
error. This study did not support the hypothesis that a thin
CCT was a surrogate marker for abnormal scleral or laminar
thickness as an independent cause of increased glaucoma risk.
Anterior Sclero-conjunctival Geometric Changes and
Myopia Several studies have been conducted in the last
years to analyse alterations of scleral structure in myopia due
to an increasing interest of clinicians and researchers in this
issue. These researches are crucial for new developments in
scleral surgery and emerging minimally invasive therapies to
treat scleral-related vision disorders and to reverse myopia-
associated scleral extracellular matrix (ECM) remodelling
events. It should be considered that the sclera does not behave
as a static container of the eye content, being a dynamic tissue,
with capacity of altering its ECM composition due to visual
environmental changes to regulate ocular globe size and
refraction”™.

Scleral changes in myopic eyes have been linked to altered
expression of several genes, such as matrix metalloproteases
(MMPs), fibroblast growth factor receptor-1 (FGF receptor-1),
collagen (predominantly type-I), tissue inhibitors of MMPs
(TIMPs), transforming growth factor f (TGFp), and
integrins™”’. Myopia has been linked to a reduction in the
collagen subtype ratio (V/I), with some speculations about
the relevance of this reduction on the alterations of the fibril
diameter in myopic eyes. The active form of an enzyme
associated with the breakdown of collagen and proteoglycans,
MMP-2, is highly present in myopic scleras as well as reduced
levels of TIMP-1. Furthermore, myopia development has been
linked to the downregulation of collagen binding integrin
subunits al, a2, and B1 as well as TGFp isoforms, particularly
TGFB1. Likewise, the upregulation of FGF receptor-1 have
been also associated to the eye elongation development. Two
second messengers have been implicated in studies based on
the guinea pig model. In form deprivation myopia, scleral
cyclic AMP and cyclic GMP levels have been also found
to be increased™”. Myopic eyes are characterized by scleral
ECM remodelling, but the initiators and signalling pathways
underlying scleral ECM remodelling in myopia are not well
understood.

According to Harper and Summers'", therapies promoting a
slow ECM loss in the human sclera, through stimulation of
proteoglycan and collagen synthesis, MMP activity inhibition,
or collagen crosslinking procedures may be adequate
therapeutic approaches to reduce the progression of myopia.
The retinaldehyde dehydrogenase 2 (RALDH?2) has been



Int J Ophthalmol, Vol. 13, No.9, Sep.18, 2020 www.ijo.cn
Tel: 8629-82245172  8629-82210956  Email: ijopress@163.com

identified as a visually regulated enzyme, being a potent scleral
ECM remodelling regulator through its synthesis of all-trans-
retinoic acid. This is another relevant evidence for creating
new approaches to slow or prevent the myopia progression in
children. Wu et al™ have demonstrated that hypoxia-inducible
factor-la (HIF-1a) signalling promoted myopia through
myofibroblast trans differentiation. In addition, HIF-1la-
associated molecular changes can by prevented by antihypoxic
treatments, thus avoiding myopia progression. These findings
defined the relevance of hypoxia in scleral ECM remodeling
and their relationship with myopia development. Scleral
hypoxia identification in myopia is not only a concept for
understanding the mechanisms of myopia development, but
also promotes the design and development of new viable
therapeutic approaches to control myopia progression in
humans.

Despite all this evidence of structural scleral changes related
to myopia, there are no scientific studies to this date reporting
and defining the real relationship between anterior sclero-
conjunctival geometry and myopia. Hu et al*’ demonstrated
that the average axial length/horizontal corneal radius of
curvature ratio in eyes with pathological myopia decreased
significantly after posterior scleral reinforcement. More studies
are required to characterize this relationship between the
geometry of the sclero-conjunctival and that corresponding to
the posterior sclera.

CONCLUSION

Several studies have permitted to evaluate the accuracy of
different diagnostic technologies for the measurement of
the morphogeometric properties of the scleral-conjunctival
structure, including OCT, profilometry and Scheimpflug
imaging analysis, in different physiological condition of the eye
as well as different ocular pathologies. The scleral-conjunctival
morphology is an important parameter to define the SAG of
the scleral lens to fit as well as its most adequate landing zone.
Likewise, the measurements provided by these technologies
allow the practitioner to define the level of peritoricity required
if necessary, in each specific case. However, this is not the
only potential use of this type of analysis, being also useful
for the confirmation of some diagnoses and for the control
of the development and treatment of different pathologies
and myopia. All this research has been complemented with
experimental studies demonstrating important morphological
differences in myopic eyes compared to control eyes as well
as morphological modification of the sclera during the myopia
development. The use of profilometry, OCT and Scheimpflug
imaging for the analysis of the sclero-conjunctival geometry
should be studied further in order to find new potential
clinical applications for this type of analysis as well as to
define standardized clinical standard operating procedures for

obtaining accurate and reproducible clinical measurement of
the scleral-conjunctival morphology. Likewise, more studies
are needed to characterize the relationship between the scleral-
conjuntival morphology and posterior scleral geometry in
order to define the potential usefulness of the measurements
obtained with the technologies prescribed to monitor and
predict myopic changes.
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