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Abstract

l ntroducti on

Evaporati(vVEDBD))y tElye most prevalent subtype of
driven by excessive tear |l oss from the ocul ar
| ayer. Accurate and repeatabl e measud eamewmltarof
surface ,pachmaseOesul ar Surface Temperature ( OFf
No-hnvasi ve -Ulpealri nBer e(aN&l TeBslsTe)nt i al for understan
and guiding -mhknhgal Hdwe v svraprninaeba sl urtegme nitac k o
protocols, and | imitations in existing instrul
assessment in routine practice. ThisibhhebtBoa
anidn experi ments ai med at guantifying tear f
met hodol ogi es.

Overall Ai ms

The primary aim of this research was to chara

behavior under a range of physiological and c¢
t o:
1. Quantify the evaporation rates of distilled

(TheraTemaws E) o

2.Assess how changes i n elxLpliofsfeedc to cTuEIRa ru ssi unrgf antoe
3.l nvestigate -hdoxredfdretcitf iod i a hNblt TeBUdsi oenH ALSLET , T |
1) .

4 Optimize OST measurement parameters using REe

reproducibility.



5.Examine regional v areil aattieadn ciomonl O@HoM & Eo fhill)ersk
6.1l nteigmawewdnofi mdings to build a comprehensiv
with i mplications for EDE diagnosi s.

Met hods and Materials

The experiments werdbucodndantdedomsmengialyyomo a
studies wused aluminum model eyes with varied
CALMOE Eye Spray) to evaluate their effect on
I n eitwadies were performed on hé&althytearfteir oim
OCULUS KerE&tMggraanpdh FLI R A655sc ther mal camer g
software. Data ctil hecme aui emmé ntde dofr eBER, LLT,

particul ar -rfeolcautse donc oblliimky and temperature gr

fol dowd andar di zed protocols for bl i nk contro
repeatability validation. StP&tS), stwiidcdl samgal ¥ s ic
< 0.05.

Resul ts

| n wvrietsrdbetm® nstrated no significant di fference
Ther &fTeauggesti mpsteldataragudaocuisal tears do not
protection. These findings al so cEomafyi rbme tuhsaetd

i nterchangeabbays eidn elvalporrattaroyn st udies where

variable. I n lbimgirmg tEANMBYr el aesdir kgbhu @t imam kiemd TE
model eyes with Isarsgemtd yr fexhe bart eksa hu miepri de v
eye drop instillation produced a significant
decrease in TER. OST mowietl artiedg cro®V @ aalge b ad it ®tr



eyes with thinner l'ipid | ayer s. Optimized OS-
resol ution and reproducibility across partic
temperature variability and st rhlnignk ooacelliartg.o
Concl usions

This resear cdh &aoan foicrunhsart hsautr f ace ar BBR aM®en cr i f
lipid formulati of,s, arseuchn efsf elchherveeTeialh a4 édni t i
interventions significantly i mprove tear film

used as a-imelaisalvlee,sumomgate for assessing tes

optidmipzreot ocol s. The Water | emnmabVapgorntihme tmorgr ampd
robust, reproducimbdet paatdwvwamer dorostang cool i
support a multimodal di agnostic approach int.

evaluation and management of EDE.
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Chaptdrmntlroducti on

Dry eye disease (DED) is a common ocular surface disorder affecting an estra&édf the

global population, with prevalence rising toi 20% in adults over the age of 46T h e hi gh
prevalence of DED places a considerabl e burder
economic burden oYu De&tDh dls. srudbpdratngd att hat DED
approxiuser el 3302 parchpgytiaent mainly due to redu
addi ti onal HAAnotetrebheat&anadian studydestimated that DED costs each patient
about C $24,331 per year, with higher costs s
from time missed at work and reduced efficiency whiteking due to eye discomfortt.

The Tear Film and Ocular Surface Society Dry Eye Workshop Il (TFOS DEWS II) classifies DED

into three primary categories: aqueous deficient, evaporative, and mixed. Among these, the
evaporative sultype (EDE) is the most prevalent, accounting for over 8§%ases, and is
predominantly linked to meibomian gland dysfunction (MGDgar film instability and excessive

tear evaporation are hallmark features of this condition, contributing to symptoms of eye dryness

and irritation, blurred vision, and ocular surface damage.

In response to these clinical challenges, the TFOS DEWS Il report highlighted the need for

reliable, objective methods to measure tear evaporation, recognizing evaporation as a core feature

of disease pathophysiologyA key t ool in this ehfvast viestexcap
that quantifies the rate of aqueous tear | os
relative humidity (RH) in “Bwamonri mentmey imdtel on
i nsight into tear film behavior, but al so as
interventions,'®@dspecially for EDE.



Within the broader framework of tear film di
emerged as a valuable paramé&ter for assessing
However, beyond a gener al physiological rel ev
from t he?’Atse awatfeirl nmol ecul es evaporate from th
which enables them to | eave the I|liquid, l eadi
pronounced when the superficial [ i pniddi rleacyte ry eit
sensitive mar ker ?2dfSttueddre sf ihlam ee Wleepromattiran .ed t
correl ates Wiltimkst eaeanpenr agaugte decl ines, while
ther mal ?PWtheigr,i tOSST could be used -ahvagbvdet e
breuapk ti me (NI TBUI) ntean sh winlad g rmudlitlie of tear |
The measur ement of OST has benefited great |
thermography (I RT) . Earlier systems relied on
( ROI) selection, which were subj éedt*?Tthpe obse
devel opment-a®$i sctoempusert ware platfor ms, such
Wil sonville, OR, USA), 3fiTahse ster apn saftofroments @I T ean
sel ect itame HAfganlmeme tracking, and advanced S
researchers to captatreed dymadming kfifekts and r e
with hight Tahcec uirnatceyg.r at i on erfe sRe sueta rocnh II R wiatnhe rhe
A655sc) al lspwesedf mrcuthiagh | RT, providing the gr
di fferences inr"t®RAr hhsl mrbekaviparticul arly ve
where-ihbduckd cooling rates and OST gradients

evaporative |l oss and tear film disruption.



Compl ementing these ther mal and evaporative
tear film resili¢beei aes spthcas iheOCULIYySe Ke
ne aim f r aardel daPtliaoeni ch@ pr oj ecti on t o mefarseuer,e rNd preBaiT:
alternative to-upradmei 0MBUT) emethodak This apj
temporally resolved information on tievae Ifodsn
and ocul ar surface instability with greater s
correlation between shortenedi Nt aBUITngndt Bndr ¢
in EDE.

At the heart of tear film stability is the 1
Secreted by the mei bomian @ldmds antdhip®llaayéi pi
over thesmuagsedbdbayer dur inmogi sbtluirne ilnogs s raefddi“csi tnagb i
Il n cases of MGD or | ipid | ayer deficiency, ev.

t ear -ulpr eaaakd wor se¥di'ng sympt oms.

Consequently, the accurate assessment of | ipi:
managing EDE. Traditional met hods | acked obj e
particularly in interferoeeviet gmaginfgjchave
Li piMilewOcul ar Surface Interferometer (Johnsor
FL, USA) is one sdHdhghdaeviindes.r fletr oursesesailyw ht iatr ee & a |

radi attoi oans sess mei bomi an gland structure and f |

of tear film health.
Toget her, these measur ement technol ogies of €
i maging offer a robust, objective framewor k f



pathophysiol ogy of DED. This thesis builds or

evaporation, | ipid suppl emenntanidmoorv,i vaond t ear



Chapteritzerature Review

Thceapter reviews existing |iterature on the
cruci al role of the tear film in maehbaedi n@a
| oss. It examines t he metcehaarnifsinism aenvda p onrfd tuieonrt ,i
The review assesses various evaporimeters, ca
met hods, di scussing their applications, adv

Additionally, remeaver paOs8lTcmkbasby | RT, notin
chall enges. Lastly, It identifies gaps in cur

research objectives.

2. TLear Fi |l m

2. 1Stlructur e

The tear film was originally thought 3fTdheconsi
outermost | ipid | ayer, produced by mei bomian
the eye. These gl ands, | ocated just behind th

helps distribute the I|d2ffihds dwerelry i av eara dteh eu pe
sterol esters, wax esters, %™lotl ersapeareotlt,wtfrautcttyu
with a +philak, ondmer phase*8B8eaeeabhpobhar | bpse I
agueous | ayer, a watery component secreted by
mucus, is formed by g*blet cells in the conju
Modern research -hagserembdeédwihdéd Bhmeee iIinteg
now described as being composedmucfi na gtehli np hla spe

connects to transmembrane mudiyco é¢®hHypale olne:



il lTustrates this contemporary understanding o
| ayer, -aghueeomuwuscophase, and the underlying glyco
The agmweouwns | ayer forms the bul k of the tear
glucose, o xfymremi, n g ArdPucgi éniss. ar e concentrated c
sur favhere the glycocalyx is securely bound t
epithef5 49 cel |l s.

Reports on the thickness of the temtalS*iear f il
|l ipid |l ayer is the thinnest ?* fitdaistulr i ngl bes wiea
bet ween 32 S5for atnld. 84 6n m°faqque dbs 51 amyner t hickness
t oem?® Whi |l e t hreucaiqu eloauyser is thougmtt tttrhlkee bet
glycocalyx mucin | &aypet hi ewhi oleid $°mlg ooondj dnbt
significantly to the overall t®%Arsdmiar y hofckt
reported thickness ranges for each tear film |
Tab2l¢o facilitate clearer comparison and inte
Reported differences in tear film thickness ¢
invasive the method used for measuring thickn
overview of techniques wusend he frnoeuwamsdirien tRair &

revtilew.



Lipid

Muco- \) 3\0 - ’

aqueous

Glycocalyx #§

Epithelium

’ Membrane-spanning mucin | .h— Immunoglobulin A
# Cleaved membrane-spanning mucin @ Lysozyme
> Gel-forming mucin @® Transferrin
% Galectin-3 &  Trefoil factor
Fi g2k eThe tear film structure showing the muct¢
mucins and pr eatqauierosu si 1 atyleag munadd It mages uf f ame Ci
JP, Willcox MWMDP, Arg¢eso P, et al . The TFOS
Discomfort: report of the contact | ens inter

Ophthal mol Vis Sci-1530138,05%4s@ O113RBBENF OS2 3

Tab2lleReported thickness ranges of the tear fil
fr

I maging and analytical techniques om the |
met hod, blink timing, and anatomica

Layer Reported Thickness

Lipid layer 13170 “A'mWd 62

. 6,60
Aqueous layer 2.-7 m

. 3.-8. m°%§
Aqueousmucin layer
Mucin/glycocalyx layer ~1 P
Total tear film 27-4 6 E1ne8s4



2. 1IFwncti on

The tear film plays a crucifadncrtoiloen ibny npae rnftoarir
essenti al t asks. |t creates a smooth optical
environment, faé®Addationgat!l gariwvi promides | u
eyelids move effortlessly oAeBY tnheec hoacnuilcaarl Isyu rrf

dust and debris with every blink, tthéttabsofi

defends the eye against pathogens by wutilizin
its protect8%vfel rmehcenrammoirsems .t he tear film nouri
vital components such as oxygen, glucose, and
including carbon dioxi’/dle and | actate, from th
Each | ayer of the tear film contributes uni que
prevents evaporation of the inner | @8y€bsl7wit
ti mes3Vvhaesrt etrhi s | ayer i s -paoblsaerntp h aTshee sleirpvieds |aas
wax and cholesterol esters and regulates the ¢
i oh’he polar phase stabilizbgdtdehilliipd dmdlagceu
toward t he wahgiuceho uiss |vaiyteal, for maintailiheg | i pi
|l i pid |l ayer also acts as a barrierfThganngsteods:

| ayer ensures hydration of the ocul ar surface,
defense against infections thr3dutfhcianst i placy e
significant role in stabilizing the tear fil m,
sur face, aiding in the spread of the |ipid a
pat hdye8spporting the entire tear film structl

stability*fand integrity.



For a -dnempteh iexxpl oration of the tear film' s str
be found in thePAaFOSpDhRPWBal ddye CaEdAmRt report o
and physiology“®f the anterior eye.

2. Rear Film Evaporation

Tear evaporation refers to the continuous | os

It

i's a normal physiol ogi calow rtooc ensosd etrhaatte hleelv

evaporation are thought to stimulate regul ar

moi’$tu.ring the interblink interval (IBl), some
the tear filmés salt concentration (osmolarit
thin sufficiently t-ap}) dewebpp'tBloifnkeianrg frie snt obr
bal ance by spreading fresh tfeamrmi oy etrhd htee a&rx pf
which refreshes the moistidfTeuandundset mot mal e
evaporation and tear replenishment work toget
Tear film evaporation is | argely controlled b
reported, the | ipid |l ayer acts as an evaporat:.
eye. To understand t hue iocnhgantgheiss ipnr otchees sl,i pitd ils
effect of Dblinking on the tear fil m. During e
movement of the eyelid and is compressed into
eyelsdrelbehind the upPFeomeybisdraesdrwvibergl ohe
over the tear film aqueous/ mucin gel during e
eye and refofmdeahly,t etame fliilm.ds are evenly s
since this wildl enhance overal/l tear film st
reforming process of blinking, evaporcaatuisoens f r



a reduction in the aqueous | ayer volume and a
the |ipid | ayer is drawn ever closer to the wu
foundational glycoucplygacandat!Fhpgoahicl Bnbster&t e:
physical processes invol vedeiumk temphdsim rndin

|l ipid |l ayer coll apse and its interaction with

Evaporation

Touchdown
1 ".‘ ...' TFLL
oy ° o
Tangenital Flow " 3 g ra Tangenital Flow

Glycocalyx

e e ! rneal
® e ‘Co ca

2 -l el e -~ : " Epithelium
o o o o o o o ® o o o o

|\

Osmosis Osmosis

Fig&aZz®chematic illustrating the physical fact
fil m-ubpr e(latkouchdown of the I ipid | ayer onto the
However, variations in the |ipid composition

the |ipid |l ayer, and in this variation |ies t
the |ipid [ayer is vVBposantfi aneotcemsisont hlrutsua
any variations in |lipid composi®Atont Hios pp widnutc
effect of evaporation from the tear film beco
l'ipid |l ayer, and the tear film thins more rap



t hat area. 0Touchdownd occurs when the inner
glycocalyx of theP&amr ntelail nreipng hied i alimso affect
within the tear film, such as osmotic fl ow, Ma
the rate of tear thinning. A fuller explanati
by K3migt h""et al

The time duration over which the tear film i
touchdown of the lipid |layer HhpstomeunmMa8dT)i s
describes the time period betweerstaappaar dnd
breakdown in the tear film stability. |l maging
met hods including fluorescein dye instillatio

di st 8®Ai nod B&Tepends on the method of measure

132 seconds, with 8&mnheavsetrraugcet uorfa |2 7i nsteecgornidtsy. o f
by i nvol urSttairdyy els!| ihmkvse. shown t hat the average
individuals ranges from 6 to 20 blinks per m
approximately 3 to 10 seconds, depending on f

surface8®®Wnmridakbdloenm can develuopp,t ihnoeweivse rs,h oirft etrh
When this occurs, the ocular surface will expe

surface epithelia and car?®Kkeepiog $hmpteoyms o

prol onged period of time, even for someone wi
of the tear film, and produce t@d@hdomly distri
Empirical findings align with this perspecti Vve

evaporation byi3a@Nobabmptehym&2l® tears evapor a

rates than pure water under tHe isnadmec actao mdgi ttihoa



filmés composition (lipByYy tagerashel pstredust
mucins has virtuallyfonsfefqaaetntdry,evavaperfati @m!
| eads to much faster tear evaporation, causi ng
reduced TBUT) and resulPt®ng in an unstable te
Environmental conditions significantly influet
include ambient RH, temperatur e, and air fl ow
assessing t €aTrhee vifagpotroartss onnfl uencing t he ra

comprehensively examined in the following sec

2. 2FRalc AbfrismtghRat eTecBrapor ati on

2.2 .Qc/ulfaecrt or s

The tear evaporation rate (TER) is heavily 1inf
is greatly determined by theThihsckeebscamsie qu!
|l ayer is protected by the |ipid | ayer from eve
mol ecul es are more able to escape from the un
Generally, when a | arger ocular surface area
opportunity for more water mol ecul es to esca
occtBesi des inherent eye size and palpebral a
position also hgazaen a&$f we kalh ehasd igpyoesai ugtornai gah tp
| arger portion of the eye larbi gkpros€EHRt ox & 4
respectivel y,gaseanpt@mi teiyen.down

OST can influence the TER since a war mer eye
mol ecules in the tear film, permitting more o

it has been suggested by s ondeuer etsoe aarnc hiem sr e ahs:



temperature could consedqdfe®@®l yhenocrkeasehaeadr
by some other researchers that higher eye surf
over the aqueous |l ayer |l eading to a mor?é stabl

Bl inking is essential f®idim&imgaisi para ot aml

response to ocular surface cooling dué®4t>5tear
The movement of the | ids evenly spreads the t
film and deéeeBleiarskinmgg TIER.a major stimulus for
LLT, and any reduction in bl inKkO9Hoaweev ecro,n sae ghuiec
bl irrak e than normal <c¢can increase TER,!%&I't%houg
|l ncompl ete blinking can also increase TER as
the eye surface. This kind of Dblinking is pre\

with prol ovigediad pun ¥ °0n
212 . Bbnin2inmrno/fancet not r asl

RH refers to the amount of water vapor presen
expressed as the percentage of the maxi mum am

can contain at a particul art etde mpe rtahteu rcea.p aSiincy

absorb water, air with a high RH already has
|l im ted capacity to absorb more. Air with | ow
and thus has tao hibghharb aomopeaeci tGonsequentl vy, eva
in a |l ow RH atmosphere producing a higher eva
RH at mosphere. As a result, it has been s h

signi fidalntl y.



Ambient temperature plays a significant rol e

result in a higher TER, since a molecule' s ki

hi gher ambient temper at urhe tchoeu led easgsyi snte ewdaetde rf

to the air and evaporation. Alternatively, h e
mi gration of | ipids to the mucin | ayer and in
be decreasseqaeat| y, TER may increase. Chroni

| ow ambient temperatures may result i&hl fildcrea
Dry (low RH) air currents can accel faantale TER,
warm airflow can provide the kinetic energy tfF
surface. Accordingly, when there is a warm an
along the head region, t 'ee sdgtganbifliictaynt o fy , t hvén i 1t
TERLS

2./2 . Qy.s3tfamt or s

The measurement timepoint during the day may
in the morning than the afternoon due to over

increased mei bum rel ease fr om tthhee enyoerlniidn gg.l aTnhc

t hat there 1is reduced evaporation from the
vari ab4 lity.

With increasing age, both structur al and func
i n bot hwameewn.anldhe bl ink rate decreasersel atseavel
decrease in Dblink rate can occur in ol der S
particularly if teé&®m gthaebiolt ihtey ihanal soc omedsdt e
in LLT with aging, as wel | as a greater amoun



years, suggesting an effectlfcdfath gprrmaruale sc H &ersge
in elderll'®l deabj ®cbjsects may have a | ower OST,

effect on téMHowewamp,or@rnaiopm.and Tomlinson founc

and age or gender, and suggested that any pot.
pathological!®complications.

The effect of the subjectds sex on TER is stil
TER in womeéef® tZHawemen, another study showed t
in male participants, which c'@é&ld be a trigge
Some i mportant sex hormones are known to affe
' ipid | ayer structure. These changes are | inke

in the TER, although t3ingdrhaenmsotcame sn i dnurh@an st

|l i pid secretion, and any deficiency in meibun
(e.g., Parkinson's disé&d2EStwogeén aaverpedbge af
ot her hand, are stimulators for the secretion

the mei bofmidandg | hadsiliraHowe merd,s. some studies

alteration in the | evel of estrogen and prog
objective measurements, such as t®&r'3turnover
2. 2Me2asurement of Tear Film Evaporation
Evaporimetry is a techniqgque used to measure

evaporation. This method i s c¢ommaenmplsydeapnpalli ewdat

| o@s an indicator ¥ skin barrier function.
Measuring TER is a critical diagnostict!3fool f
Excessive tear evaporation plays a cruci al r



mai ntain a %fThdlmosteacommdm.cause of EDE is N
secretion |l eads to a deficient |ipid3Thiyer, a
results in tear film instability,kdypfeeadatsmoe a
dry eye pathophysiology.

Evapori meters quantify the evaporation rate by
under controlled conditions, hel ping clinicie
|l ncreased TER is a hal |l masrbkr toefn e EhDnEl,B @A fetveant ecdo r

osmolarity, both of which are key markers for
2.2 . Rycple/supoificcEvapori meters

Evapori meters are i nst truapeepn tdse r adn@ad ibgvaedde it ted o B @&
changes in humidity and temperature. These de\
to assess the evaporation rate of water from
der mat ol ogy, bi omedi ceanlc er etsoe aervcahl,u aatned bnaartreireira
| 0%38:, 140

The <classification of evapori meters can be

characteristics, as3)illustrated below (Figure



Evaporimeter

Chamber Ventilation
e
[
J Closed Open J SemiOpen J Ventilated J Unventilated

Figad e Classification ochaebepodemegerdprcedm)sed, c
and ventilation typ(el nfavgeen tcirleaatteedd, buyn vtehnet iz

2.2. Evhpbrimeter Classification According to
§GIAG CAGHNUI WE2¢ GYI ROl

Opecnhamber evapori meters are instruments desi g
at which water vapor is lost from the tear fi
continuously expose RH and tevmmegr a-touwmea-essdns or
epi der mal mensast uerfe fhleomsys. r equi re an accl i mation pe
and are highly sensitive to environment al c
fluct t3@tWédsasi.te their-cheembseirti deviycesoppnovi de

acquisition, making -ttéhrermm &tdw'dimeasa.geous for | on



These instruments often employ sensors to de:

cal cul ated by:

YO'Y

Wher e:

T Jopdns t he evaporation rate with the eye ope

T Jiokes the evaporation rate with the eye clo

ocul ar water | oss).
T Ai s the exposed ocular surface area.

I n these instruments, TER is expressed in gra
sguare centimeter per second (g/cm]J/s), depen
One examplehamban epapori meter (iGourhaege ewaknled :
Electronic GmbH, (EbgdyeeTIh6eTmwampter E TM Hex

opemamber evaporimettora-epe slieg mad, wartoeveiaddiwrgs i n

into the skin's barrier function. The TM Hex h
measurement accufidky tBhed cetiabilityerature,
evaluating the application of the TewameterE

the TewameterE TM 300, the predecessor of the
tr a-epi der malf rnwoamt etrh el ooscsul ar area. The fiamdi ngs
epider mali nwapeetri d mtsss wi th DED compared to cont

evaporation Yt*“h DED patients.



= Temperature sensor 2

Relative humidity sensor 2

— Temperature sensor 1

Relative humidity sensor 1

Fi g24Tr ansepwad bemadsur ement and a sch-ematic
chamber devi cé“fmenmasguer ifnrgo np:r ofbleu h r-E pJiWi e rDmaa |l eWastk

Loss (TEWL) . Il n: Berardesca -Env Mai bachbi &ddgdno &
Techniques in Clinical Dé&6Emadol 0-4-ADBDWHFY RFSr ;
2_32).

90 YIQIBIc G HIJI IOE2¢ GYI RGWIqIII

Closbddmber systems isolate the measuring env
chamber placed on the skin, effectivéelThissola
design allows for improved control over inter
enhancing the accuracy of TER measurement s. H
chamber, |l eading to an inbetwseseni meRBuUurewmenohst
chamber to return3®é‘baseline conditions.



The measurement process involves monitoring cl

over time. The TER is calculated using the fo

(74 U € YY "O €
YOY — v
w0

Wher e:

T gRH s the change in RH within tbhe. chamber o

T Ki s a -sdpeevciicfei c cali bration constant that ac

sensitivity, and other factors.

This formula quantifies the mass of water eva
specified time period, typically expressed in
A notable example is the DEvice HygrometerE
evaporation by detecting-oRH | falreironiiwcradon merst | (NF iac
5}4Thi scoamnhact met hod facilitates objective

applicability remains under investigation.



34 31 32

FigdseA schematic design of DEviceE ocul ar hy
view of the schematic representation of a mor

cup (10); the sensor (20) placed hi pgiodce sisto;r 4
memory (34) and wireless connection device (3
screen (40) with buttons (41); and a recharc

handiifé mage from: Gaudenzi D-OCNlomindT,Oc@d gl i

Hygrometer as I nnovative Tools in Dry Eye
2022;12(3):1647. doi:10.3390/appl22o0

ENDERGIJUK9 6 ¢ G HIJI WOE2¢GYI RGNUqII
Semipen chamber evaporimeters incorporate an o

escape while shieldingfhhe desson &rmsn Borbal

environment of cl osed chamber s with the nat u



i mportant t oo pneont ec htahnabte rssemmay have | arger St
compared to closed chambers, |likely dué38% o i nc
The fundamental for mul a-ofpermn méaanbreirn g vtalpe r T Enfe
to that uskRambear cdewsiedes.

2. 2. Evhpdri meter Classification According to
Evapori meters are also categorized based on t
eNUqRUCcqUT IOE2¢GYI RAGqIl

Venti |l ated evaporimeters introd-ocel arcohambet
predefined (huom,dRathyd Ineevaesslur e RH at bB%YPtThhl%tshee en
instruments provide highly controlled condit

require spueci alnidzead esentor e expensi ve.

The TER i f hwaenbteir| astyesd ems i s calcul ated using
.. b ¥YYO
YO'Y m
0]
Wher e:

T Qis the volumetric airflow rate through th

T gRHr epresents the difference in RH between

T Adenotes the exposed ocular surface area.

This formula quantifies the mass of water eva
specified time period, typically expressed in
An exampl echbadmlerc| ovesretdi | ated evapori meter s

and Maurizi o Bol.anldhoe (dreivguwree f2eat ures a seal ec



eye from external condi tions. It included air
RH buil dup. RH and temperature sensors inside

cal cul at®e t he TER.

Humidity &
Temperature Sensors

. B

Measure Humidity
Changes in Sealed
Goggles over the eye

Figag e The-chlaonbed ventil ated tear evapori met el
Mauri zi ¢d( Rmhgedbr om: Rol ando M, Refojo MF. Te:
evaporation rate from the tear film under co

Research. B383;d36( 1038325 (83000886

OU21WU0UqRGCqUT IOE2¢ GYI RG WDl ¢t

Unventilated evaporimeters are devices used |
externally introduced airflow or ventilation
circul ate air around the surerascer ebleyi nsgo Iteelsyt eodn
di ffusion of water vapor. They measure change
adjacent to th¢é3Benwaemaridtaiteerd sewrafpaocrd .met ers ar e
open chamber designs.

The TER is calculated using the following for

. yYO .
YOY - L
w0




Wher e:

9 gRH s the change in RH within te. chamber o

T Ki s a -sdpeevciicfei ¢ cal i bration constant that ac

sensitivity, and other factors.

This formula quantifies the mass of water eva
specified time period, typically expressed in
An example of an unventilated e8apuouapmet met e
opemamber desi g nfcd atsterdi g ass ugeement space pos
surface-7)0)Fi gauremdl oys temperanarerahd Rélssiewns

evaporation without the influence of artifici



R Relative
o humidity
SCNSOrs
SCNSOrs

Water
vapor from
ocular
surface

FigadtModi fi ed S@r {¢eaMeadbERP, unventil ated) evap

film evaporation using’Ctmanger atome aAmee RHGR e

Effect of artificial tear solutions and sal
1990; 678690R2): 886 : 10 -119099071/2@MWER6 3 2 4

2. 2Ch3al |l enges I n Measur i Magr iTehkairl i Riyl m nE
Met hods

Over the years, the devel opment and refinement

in instrumentation components and experiment e

sampling i nterval s, testingd dubheat ipdhiysi pafrtipec

measurement chambers contribute to discrepanc

of key methodol ogical differences.
Sampling :ARdeguneemgnt s i n sensor technol ogy h
coll ection, |l eading to improved tempor al res

intervals across studité®. 5 ngédc daredcdB nedveedfoyn dG., 2
to as long as’Theseyvabiaecondsi mpact the abil

evaporation and may influence the precision o



asur ement EDuwrl aitdiionrg t hwe ntiimea trieognu,i rtende fdour at

sessments varies significantly. Studies hav
c otAWmsi,l e ot her s %®Ix0t0e nsc Tiaobr0diss, &t omiid &Y, taetdd, u p

5 rmiMaQuwelsl.eussitngalabaMaeaheeswapori meter, doc
guired for RH c¢ halndg.ebs sweictohnidns tthoe schhiafmb efrr o m
conds from 35% to 45% RH. The chosen duratio
d the extent of ocular adaptation during me

ink ControBl i Shkiahggpésys a cruci al role in

st

Ho

Ev

i fferent studies have adopted distinct appr

udies allow Yat*driahilehbhlPimdéti ngr-warelpd esentst ir
wever, some researchers standardize | Bl s,
codhds every ¥ whelseeobhdss restrict I t¥Pkli®Ag
en when wusing the c\WanpnoeMectieart h § mbaeveagid @wmV @ n tE
apori meter) methodol ogies are inconsistent.
en for the Wdrlatpdinttiddulterel yt efsdar, bri ef asse:

cofAdlsi,l e others per mitX? Tshpeosnet ainnecoounss ibsltiennkcii neg

(@)

essity for standar dsitzuedly pcroompoacroilssontso. enhan

(¢

r e

n vs. ClosedAEyegMefiscaaermepbstion of the e
ea (77%) is coviewkidchyc pretrriiobbbtigasal 5% kti m, 1 8 %

aporation rateapwbtet ekl Bgssbmi ghkights the

i stinguishing between ocul ar surface evapor :

cur at e assessment of TERS. The me an N SD e\

ported as 3. %3 ikh 2niedy eld alabd-gy ®gn/pcamit®li 1c.i9p ath tis.,8



~ -

10 g/-d mgy/es siunb jneocnt s , and 16.1 N 5.9 I 10

eyelid 5°fmdricesmd.ate evaporation attributable

cal cul at e t he di fference i neyevapodatyebosed
condi®tlito@stASlAERIBEH o Wwever, alternative protoco
cl osgd measurements sol ellf§r fas anbaseimeine bat
Some researcher st>o dti ke aBg addkfeut aextd eosslerde nt s, in
repeated measurements in the same participant
Use of Occlusive AgentsTa omiReidmicze Skod ins tEwraep o
periorbital skin during evaporimetry, some r
occlusive barrier, resul ting i n a significa
87 ..%6% 53 Whe h6°t hi s met hod i-esy ec omebd sneeidie onlei rt $hs pcpl roes:
tear eviapoemalbloes t he calredladteidomr vafp oa aklt a soenl irr
can then be subyeavhbdesromllopwnng for -a mor
specific evaporation. Toget her, t éhri asl la prpe apsawcrh
evaporation rate bPeappteximmaeely 64s1®l so be
of measurement goggles to prevent air t%akage
The effectiveness of petroleum jell yrehiagheldi g
evaporation when measuring ocular surface wat
Vari ation I n Evapor:i m@8ther pGlyamlkcat ¥a Imeme i on
measur ement chambers i-eafiviurromcme nntheandteva@dr e
Previously studied chamber or goggle vol umes \
16 cmj for swiomntPtg &g llessr,ger setupsamsdch as
cylindéorsgat8m cmj total volume when®Tihmcorpo



| arger the chamber, the more it can buffer R

sensitivity and response ti me.
2.Qcul ar Surface Temperature

The concept of heat has been of interest to s
of the physiological properties oAndhien hwmathe &

part of the body hedt se@peol dsinfsl |$ &haeBtBalb, o |tihce re

in the body produce heat, and that heat mu s t
parameters of tissue metabol i sm. Conduction a
principal |l yastchurlcawrg hs ytshtee my which then radiat e
environment. Therefore, it is reasonable to m

physiology, a feature that has bee® F%ek’8§gni ze

2. 3Silgni ficance of Ocular Surface Tempe

OST measurement is particularly helpful for ul
temperature of the eye (e.g., glaucoma)?® wher
By measuring OST, researchers can identify <c
progression of the disease, potentially allo
out comes. Various conditions, sultéeh @cu lDeED, s wra

which in tud¥Meastiechg OST. can help to identif

accurate assessment of the degree of i nfl ammse
treat ment of DED. Il n addition, it can be wused
and determine if addi ti onal i nterventions ar e



Tear fil m parameters are known to affect OST.
breuapk ti mes |l ead to more signi?fiAt’dmtr gkect easey
an unstable tear film, and increased blink fr
in OST coé®lfSinmgce attlreese parameters define DED,

to be used as a screening tool

2. 3Me2asurdg m®Ocwl ar Surface Temperatur e

213 .RarllcyipTsechni ques

Advancement s i n OST measurement have mirroreo
techniques. I n ancient civilizations, temper a
and Egyptians relied on touch htad ewalsu atte db awd

and 17th centuries. By the middle of the 17th
principle behind Galileo'"s invention was to o

to determine t.emppseraatriersalldhaoifgddaass tbeceapmet m

invented, whi ch all owed for mor e accur ate n
t her momet er has traditionally been the stand:
gl obe. Hlowever growing concerns over mercury t
being supplanted by alternatives, such as t|
measuring middle ear temperature. Toldaysamai s
principle, but they are more accurate and eas
materials. Furthermore, |liquid crystal ther moc¢
temperatur e. Technol ogi caelnabdtdedncpernmaecnttiscal n at

Lehmann-é6sentl@tynw di scovery that certain chol est

temperature fluctuations. These | iquid crysta



and placed on the skin, thereby-copadredr ateimperat
vari ations. However, due to their | ow resolut
di agnostic tool s, such as FWoreksshcaam, sUK)i,pscdr
applied to children's!'"Abrehbads Mmethdeéverede:id
bet ween the device and the patient, measuring
most significant advancements in body temper e
focused on teedhigadisatddtheat from the body'

OST measurement technology has evolved over t

initially based on direct contact with the ey
The results were, however, i nnagcec ubreatwee ednu e hteo p
the oculammrde$ bekatearing, I'é¢%di°ng to poor reso

2123 . 12nd2r tarnedap/Ther mogr aphy

Remote sensing enables the detection of radia

body' s sur-tankaciThtechanque is particularly beg
sever al advant ages over di#irnevcats icvoent atchte nbeetchhondi
patient comfort, and reduces the risk of meas

in both clinicai® 9Wf8d8t é&earch settings.

Unl i ke-basrtda@appr oaches, which can alter | ocal
heat tirngdnmsafregd ydh@prrmovi des at ipme sasvsees smernt of
di stribution across the ocular surface. Thi s
variations over a broader area rather t han

mi si natregmec¢aused by | ocalized vascular acti v



sensor may <create an artificial I mpression o

accurately captures regional wvariations witho
Two ot her key advantages of Il RT are its spe:
assessments without di srupting natur al physi c

flexible measurement approachesacky oaaptoucruisn g

specific ROI, such as the central cornea or |
in studying ocular thermodynamics, tear film
detectabl e througguhesc.conventional techni

By offering a compr @ mevmassiiwes, med heomdatr d RKRdaad nh b«
met hod for @®beafniesg &O©STempt to measure OST u:
1968. He employed an optical bol ometer to qua
demonstrating that this technique provided a
t riatdi onal cont & éMaptsh®emmomenvegsti gated *8f actor
investigated inter'ddunbdadediefbpednecder mogO8&phi

eyed&Many studies of the ocular surface have b

have recently advanced to increase the accur a
being applied to individuals with and without
Research on I R measurement of the eye indicat

by IR imaging origi natltieslkctfireoms the betm &mnl abs

i nfrraardedati on: absorbing IR from deepari tdduwlgar
the absorbed energy, which is then captured b
of the tear film is a crirtadciadt ifoanc taobrs arnp tdiearer



|l ayer s. I n cases where the tear film is signi
reflects that of the cornea itself.

Empirical findings indicate thidmareésgartdiim
absorption ofigappodbxi mMatatlyatbbon from deeper o
the tear figlhmi exckekedkn90s, Rtradimptitiedoe| Jyr aims
structures, ensuring that the detect*®dlPHemi ssi
high sensitivity of | RT to tear film variat:.
assessing tear film stability.

2. 3. B5i2Bbient vs Dynamic Measurement Approache.
| RT allows for two distinct types of measurem
Single time p:oihhi sneappreamemt eval uates OST al
i mmedi ately following a blink. Sev-poiaht sO8BTi
measurements between individuals with DED and
t hat DEeDc tssu be x hi bit significantly | ower OST ¢
points, including i mmediately after al®hink a
contrast, other investigations have reported
one study documenting a mean OST of 32.38 N
0.54AC in coAtRuwrltsherpold.eQ01s)ome studies have
temperature gradients across the ocular surf
di fferential between the central cornea and ||
i healthyl!"§hilej erdtgsh.er | i mbal temperature is h
hyper emi a, which could contribute to the reg
However, not al | studies have -proepnotr t@T smeans |



bet ween DED and control groups, wi t h S 0ome i

di st

nctions i mmed%ftely following a blink.

Dynamic meadinesmenett hod assesses the OST cool i

dur i

OST

tear

mor e

rein

addi

chan

me as

cont

met h

i mme

cons

effe

attr

mai n

n

g the 10 seconds foldbownhg OS5 Thhisslkss @emf

measurements have demonstrated a $itrcnger

r

film instability and evaporation. Sever a
pronounced tempearatonild pd&dIpiemre oav e€ro mplae e
orcing theardeaapbratiocreantedi B#ltres t o
i on, another study that specifically exa
e in OST at the corneal center declined
rature drop was |l esGcGlpdontdtd@ihe@dd®hntdhegs
O growing interest in OST cooling rate a
ifying patients with EDE.

dynamic OST measurements sho-woiantc|l @&T e
rements remain an area of debate due to

i bute to these discrepancileast,i oinn c |nuedai snugr

odol ogies, and timing of temperature asse

d

iately after a blink opoiantf e@S Ts enceoansdusr el se

stently distingujstomD&Dr ésoear dleal §$ hygr cpn

ctive in di Adwee@enfdiiditEgynetg OBEPEst udy report ec

EDE exhibit a hi ghlegueionuist iadf i @S 3 nft h eDdriym
buted to a greater volume of tears distr]

ain a hibyHeowebvasel dne O8Tthe increased r



EDE, these patients also exhibit a Aglweed Lesr @]

Deficient BrsyedEyen t hese observations, | RT has
tool for determining tth’e underlying etiology
2. 3Ch3al |l enges i n Measuring Ocul ar Sur f

Ther mography Met hods

Whil e these measurement approaches focus on d
effectiveness of I RT also depends on the hard
anal ytical met hods used to process the captur

| RT systems wused for OST me ascuarneenmean t-a acdaend abael
configurations, each with its8)ownA adwan tdeeg eas |
research has explored the apploiyciantgi ovma roi fo ulsRTmel
analyzing the captured I R i mages. These analy
temperature data and can differ based on i me

measur ement protocols.



Manual

Singlecamera - Semtautomatic

~

IR thermography
systems

Dualcamera ‘ Automatic

Figag&el assi fimfat amend ofINRE yn©tge mp hiyaged on conf
| evel of (Aamagmatrented by the author

Singamera systems rely solely on an | R camer a

surface. However, -ldugehtt o nmahgei ngac ka cogplarvd tse lby ad d

the corneal boundary, presents a significant
manual-autsemati c, and fully automated met hods
invol vement and the | evel of precision achiev
Manual methods require the user to select mea:
dependent on subjective input. Early studies,

OST at eleven points along @&, hepiazent &8 5mearn

Mor gan et al . used a different approach by de
mm|] each al ong 't&hteh esra nset umleireisd,i ainncl udi ng t hose
al ., positioned five measur ement points at sy



variations in condi-anghe guabcama pfPOAGY ampen
occlusi oW C&RMD)Y. et al. and Ng et al. introdu
di ameter, to evaludfteBWBiSTdichgagngest beee mameal
al . i ntrodusxhalpead dRGlmoshal ecti on met hod for O
specific anatomical | andmar k%) .acTlheisr t dpp roocauc
measur ement porianlt sanadt ntahsealt elmpnmob u s , extreme t
mi-dempor al nasal méianj unctiva, and t he geomet i

configuration provided a structured framewor

di fferemt onmsyl af frereei ng a brow®der spatial asse

Ocular Surface Temperature Analysis
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Fi g2% e Ocul ar surface marking and OST @eéequi sit
(I mage from: Tan LL, Sanjay S, Mor gan PB. St
Surface Temperature in Dry Eyes. J Ophthal mol



While these studies have provided valuabl e i n:
introduced signi fi cawpotpelriamiotraitwvianresalsieldn ddyaudk Ina
subj ectOnvee kbeiyaschal |l enge in manually drawing |
identifying anatomical boundari es, especially
corneal borders are not sharply deftmkkd.ceMdar i
motion blur taonaferabeur aoepROI pl acement . Ev
si ze, shape, or pl acement can signifiamadatly

hi ghly sensi tTihvees et hcehramiall e nzgoense shh.ave moti vated r

met hodol ogi esaguticmdtuidd ngnd efmil |y automated t e«
reproducibility and effi&@&peasgnina @©@STompasat €}
published studies using | RT for OST assess me
strategi es, measurement durations, and I magin



Tab22e ComparativebavedvOeW mdad RTement protocols, showing di

durations, and i maging modalities across key
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201Kamao'®% 4mm in diameters 10 sec
conjunctiva wit/l
ROI deter mined
connected bet wee
201 Su éts 6 sec:
apexes (top and |
and right cor ni
Kottai
201 Central corr 5 sect¢
atl??
Kl aman
201 Ful I ocular ¢« 10 sec
atfoo
Ful | ocul ar ¢
201 Su et? 6 sec
area of -utpear
Gonnern Mor e t
201 Ful I ocul ar
afoz secon

Bl i nki
Condi t
No Dbl i
No DI i
No Dbl i
No bl i
No Dbl i
No Dbl i

Temperature Measu

Tomey TG 1000

( TOMEY Corporatior

Customomamct syste

uncooled microbo
(BOEI NG U3000A, D

Targeting Syste
Thermovi sion /

(FLI'R Systems, O

Tomey TG 1000
(Tomey Cor p, Nag

I -BS
(United I ntegrated
Tomey TG 1000
(Tomey Corp, Nag



Bl i nki

Yeal nvest Measurement A Durat. Temperature Measu
Condi t
Azhar ut FLIR SC305
201 Corneal surf 15 sec No bl
atos (FLI'R Systems, O
Achary Vari oTHERM hea
201 Full ocular ¢ 20 sec No bli
afos (Dresden, Gernm
Unti |l 1
Hol di n
Corneal sur f b r euapk FLI R A655sc
201 Li éh open as
tear fiulpmriemgea 15°5HG@. (FLI'R Systems, O
possi
secon
Bl i nkir FLI'R SC325
201Zhang?% Central cornea, 25 sec
5 secc (FLI'R Systems, O
Tomey TG 1000
201Ver s warté Central cornea, 10 sec No bl
(Tomey Cor p, Nag
Matteo Central cornea, FLI'R A320
201 7 secc No bl
aftor cant hi, -comd usnclte (FLIR Systems, O
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Condi t
No Dbl i
No DI i
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secon
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possi
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NEC TH9420
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nvest

Su €t

Ki m &2

Corone

até

Bl i nki
Measurement A Durat.

Condi t

Nasal, corneal, a
4 sec( No bl

3 mm in diam
Until Hol di n
Localized tueparr eft di sconopen as
onset possi
Until Hol di n
Full ocular ¢ di sconopen as

onset possi

Temperature Measu

| -B S

(United I ntegrated

FLI'R A655sc

(FLI'R Systems, O

Tear Vi ew

(Beyond 700, Cast]|l



A close exami#2anéeveal ®f siTghl i @ant variations

across studi es. Earlier investigations pri mar
using small, fixed pixel regions to define th
to include wider ROI s, i ncorporating regions

surface to provide a more comprehensive ther
wi del vy, rangiimg sfdedm salaprstho{ 4i260 spcohdnged e
reflecting differences in study objectives an
Additionally, blinking conditions were incons
sustained eye opening to capture continuous d
intervals wordidmecloatde ti elmBRT pirhet @ld wleg sungern anc
standardization in OST measurement, making di
met hodol ogi cal variability highlights the nee
ensure greattegr amaprcaddunciichaill iappl i cability. Wh
manual ROI selection, recent advas@acémeats chaw
f ulaluy omappr oaches, i ncorporating I mdgevemroc
segmentation to reduce subjectivity and enhan
Acharya et al. introduced a method that segmer
reducing the need *fbMat fedli mathual . séeéeetoped

eye shapes and geometricsubjaemct oc onapg?dWimshe i anpa

these approaches i mproved efficiency, t-hey st
tuning and validation.

With advances in computer Vi siiohS Ta nnde amauia heinmeen
met hods have been developed, el iminating the



snake algorithm 4o0omki mgd fwintch i @ant amgatut omati c
extract tempehruaatnugr eetdadla.. i mpl ebmesnd k ds eagimeancttai
algorithm that further i mproved!Tacecsier aacuyt ocnoanj
met hods significantly enhanced reproducibilit
their reliability depended on the robustness
input | R i mages.

Il n contr asatmetra siyms@lmensa doafi gurations integr
vi s-il bbbt camera to i mprove corneal segmentat:.
visible in standard i macgamegrsa Steevr elmaVe viaeemt e
previous research. Kamao et al. developed a s
visible and I R imaging, requiring manual OST
1P88u et al. introdspdédtaegetmani wahl bevem si mu
i maging of the eye, but the method stil?P! deper
Li et al . i mproved upon these techniques by s
software, facilitating a coMpdrcatnicie @®rnalaysi §
du-abmera i maging byr efnlceocrtpionrga tegsenrgnaant isuenmib ergpm o

alignment between th% IR and visible images.



infrared camera module color CCD board camera infrared camera\module

infrared lens infrared lens 5
~

5 A}
reflecting mirror optical lens

~
reflecting mirror

object object

Fig&ar@®11 Dual camera system introduced by Ka

and mirrot®i magael FabmonKamao T, Yamaguchi M,
Shiraishi A, Ohashi Y. 8evekopad ©ooul dr ysae)

t hermographer. Am J OfBtthal mol 2011;
Despite the improved accuracy in cor-anamér aoca
systems, additional chall enges r el agrealc € s icragn
were introduced. Proper cabkiebtabiomoaedsumage
visible i mages corresdvpord dccécymgaetrelny. mdarhdawa
controlled synchronization techniques were ¢

bet ween the captur edwhirlaamesimelae $ Wet emb-eof hamn

up, they require sophisticated segmend agihon t
guidance. l-camenaraystemsuapr ovi de enhanced | oc
but eEengokater complexity in terms of system d:

i maging system depends on the specific requir.:

accuracy, automati on, and practicality in OST
Al | of the methods described have made a contr
weaknesses wiRdhr eaxammeehod he manual met hods n

and t mheaitsoamaiti ¢ and automati e madgdeaodisn (Whingh et |



boundary is indistinct and therefore only an
dual camera systems provided better | ocalizat.i
None of the described methhagdhs acaznurlacyalainde ttriha
Al so, the methods cannot detect and remove bl

| mprovements can be-rmaoé uby omvernlsaypil egamidgh R

dual camera system, to maintain tracking of OS
of the elliptical pal pebrappapttuniurye .t Guaihalay
surface with much i mproved accuracy. This innc

i maging sysedegme say sctuetm idnegsi gned to revolutioni

r efail me trackinrge offl uce mpeéei ans . Wi t h i ts adv
Ther mOcul ar offers a power ful t ool for DED di
and investigating the ther mal triggers of Dbl
ocul Aaceudyitdami dTher mOcul ar system will be use
reported in mo3e detail in Chapter



2. Rati onal e and Objectives

This thesis aims to advance the scientific u
examining the biophysical and physiological m ¢
stability. Giverevtalpe rhaitgahw dp rdtehwa leggreognafzed | i m
di agnostic modalities, this wor4nyvaskvet @apdpea\we
capablcaptodring the compl ex i nteractions bet w
environment al influences.

The specific objectives of this research are

A Elucidate the impact of l' i pid | ayer i ntegr.i
emphasis on isolating the contributions of s
and physi ol ocgancdailtliyomrse.l evant

A lnvestigate the thermodynamic behasiTora naf t
establish the relevance of OST as an indir
I nstability.

A Examine the relationship between structur al
functional NhdBaadoresysaperg@tjon rate), t her e
cohesive under shtoamedisngasafs .t ear fil m

A Refine and validate quantitative methods fo
humi-dasgd evaporimetry and | RT with advance:

r etail me characterization of tear film stabil.

Through these ai ms, the thesis seeks to contr

inform future strategies for the assessment a



Chaptevrethodol ogy

3.Waterl oo Evapori meter

3. 1Pdrpose and Background

EDE is the most ¢é!®amndon st ycpaeu-gaefa| by ,at earorf i | m.
effectively treat patients, it is important fc
the differeni'EcapesesmefirnPBABs vea mern hod of ass:
evaporation of the tear film from thEeMdmrpmy st
LaboraEwwpgrioment al Opt omeitsr ya pMNad telordl sogod  $Cpagnigaddr
designed to simultaneously measure TER from
evapori meters-Yapouadat @el ftihne Teeycehnol ogi es Lt d. ,

r etail me , bil ater al measur ements. .

3. 1IEQRQui pment and Experiment al Setup

3.2V . Rwalpor fvsme donypyneSy st em Component s

The experimental setup consisted of the follo

Modi fied swimMMmi ega gbigtgmeXr ena Di stri bution SA,

equi ppellemdsitrhi can SHT31 relative humidiStgfand t
Switzerl and) mounted iIinsitdeeedahagaggueéesittoi o
temperature withi3l tpheovgdeggl ea. fHioqwur evi ew of
highlighting the external wiring u%Zzdshows ran

reairew of the Waterl oo Evapori meter, il lustrat



Fi g3 e Front hWwateemw lodo Evapori meter shotwiimeg t he
relative humidity (RH) and temperature data f
Uno R3 microcontroll er (wintahgien ctrheea teendc |boys etdh e

Fi g8%2 e Rear view of the Waterl oo Evapori meter.
goggle. Two holes (yellow armimhewdg hiarde hfodre ad
within the goggle (lomagé ecraneat swid thy tthlee s a&

Data AcquisiBooh SgssemsAndei honkked RB8 microco

Monz a, ' taly) which are housed within an enc
facilitated communication between the microco
custom $Sofggw®Pre Ehsan Zare Bida&s ,uvWedimesi ty
recording and analysis of temperature and RH

Additional expelncmededl aeffuxameaoh target to er

a-imch foldable fan (Mainstays, Wal mart, Bento



RH inside the goggles between trials, a digit
condi(tRH4nlsl , Omega Engineering, aNdr wah l@idg @s h a ¢

table to optimize participant comfort.
3.0, a2t wa/re/oand Data Logging

Th@ogg@glodt ware was specifically developed for
time monitoring and precise recording of temp
33 illustrates the softwar eds -edyaet at raaccgkuiinsgi,t i nou
out put -t iasmed greaaphi cal trends that facilitate p

't simultaneously captureyseseanwsary mke.aldhreanearc

tempor al r esiollaud i amalfygi ’dedf tear evaporation
The software interface featured graphical rept
red and black Iines represent RH changes for
these graphs, numeri cal daantda RoH ome alesr epnmeenctiss,
i mmedi ate detection of anomalies or patterns.
Whil e measur ement frequency wasHead({jewsetrayb| G., 25
seconds) was chosen for this study. This sel
resolution and file manageability, effectivel

data generation.

Data were digdbal ¢y, samdedgr aphi cal out puts of
savedpagnages. Thi s structured approach ensut
retrospective analyses, and supports compar at

surface evaporation.
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Fi g83 eData acqui siGagpglod nwar é ater of he hwat er |
di spl asxiimg meali toring of RH and temperature ¢

eyes). The software graphs RH trends over ti

analysis of theaar( tenvaagpeo rcateiadreddyoy t he au
3. 1IEx3peri mental Procedure and Measur eme
Participants were instructed to arrive at the
were required to acclimatize to the experi men!
the tear film to stabilize to the room envir
exposure to wind, temperathutr eaivéhed at hops event
variations in TER dud®atroienpanboemaetal relqange
makuep and to awrmti actwelaen nngs cf or at | east 12

interference with measurements.



Petroleum jelly (VaselinekE, Uni |l ever, Toronto
create an effective barrier for evaporation f
within the goggl es. Petroleam fpehtgi was itmnaaos
using #4@aippedompplicator at each testtippedt.
app!l ianat art mi rapeed y a thin, uniform | ayer of pe
avoiding the ¢yoliedmmardgiliys.waBe applied prior
measurements. After completing the measur emen

closing their eyes and gentl-tyd evinpomagl tdier ac teia

tkaing care to avoid the |id margins to prevent
Environment al conditions were carefully contr
windows or airflow to eliminate external fluc

and RH were recorded prior to each measur emen
3.3V . Gpebly ecocMeass ur e men't

Metrofomeroll edABmenkongme was used to standar

auditory cues every 3 seconds (20 times per
whenever they heard the metronome sound, ensu
thgbout the measur ement process. During the

mai ntain fixation on a designated cross targe

gaze condi34i opmrse.s emitgsa kt pheer icroemptl aelt eset up, P ncl u
Waterl oo Evapori meter goggles, environment al |
to restore baseline humidity between trials.



Fi g84 e Exper i-urpe nftaarl tshee Wat er|l oo Evapori meter,
gaze stabilization, digital temperature and F
| aptop r@ogglmdgt waoree, and fan used for baselin

bet ween me(alsnuargeemecnrtesat ed by the autho

Starting théerMeasuroementt:i ating each measurem
ambi ent room temperature-hggdoRelt airs.i nBarat idciigp e
instructed to place the modified swimming gog

skin around the eyes to form a secure, tight



steadily on at adeseitg ntaot erdaicnrtoasisn a st abl e gaze

acti v aGoegdglddhtewar e by <clicking on the "On" ico
mode from black to red, indicatsegondhemesdsaurtenrn
interval, participants were specifiasaaldtyililnsa
possi bl e, and to blink in time with the audit

per minuB8®. irdFRitgeisr ea participant positioning t

during measur ement , duepmounssetdr af thiEdRga stshees spirnogp e r

Fig3#x e A study participant positioning the W
evaporation rdtmagme agwkradmalntby t he autt

Ending the:AMeatshue e empdid codn dt hnee a2sOur e me nt period
instructed to carefully remove the goggl es. I

the " Off" icon on the software controlto®ocreen



bl ack, clearly indicating the conclusion of t
butulpd within the goggles and to ensure accur at
evapori meter was exposed tolcortnrsolrl erde cairrdfeld

retur nedmdas urhememnte basel i ne.

3.0. sy @-o-Merarssur eme n't

The cdyesemeasurement foll owed -etyhee nseaanseu r pprmemd d
participants instructed to gentl-gyecontd féecomt g
peri od. Participants maintainielde ak eceopnfrog t talbé e

securely seal eldnnaegdaiiantdeailt v hacfotlré Eeatceeoampor i met er
removed, and controlled airflow from a fan wa

preparation fdrngsbhsequent recor

Foll owing the final measurement for each part
icon on the software control scdieelhet oAddiotrieo
"Save Chart" was <clickegngof stalve te mpearpati wrad
captured during the measurement session. Fina
clear the software interface, preparing the s

3. 1Dadt a Anal ysi s

The TER calculation was performed using stati:¢

dat a fGoogwlgerreat i ng software. Al tthiomey hc htahneg esso fit

and temperature inside the goggles, it did no
The TER <calculation process involved exporti:r
seconds, into a statistical anal ysis program

values were plotted 4agaiengt dapimeéacstruo egr@mé Iy astees s



the RWi dththa 293 etcoond i nterval were used, as thi
the most stable and ?thinneeaarr prheagsree sosfi oRMH ai nnacl r yesai
the data obtained, andfitthel sh®pre cogrfds cii@emtl! i
sl ope coefficient directly represented the r at
f OTTfER.

Absolute sl ope values were used rather than p
rate of RH increase within the goggl es, t hus

evaporation rate.

3. Pher mOcul ar Camer a

3. 2PRulr pose and Background

OST is a vital bi omarker for evalwuating tear
all ows acxcarmrtaa etj, marcog@3 B ur ement s, significant]|
precision.

The Ther mOcul ar I magmegasy®Temevsca desilgned
invasively with high precisidn.ghltt ciamtee @qar,atbeog
on al asnipi tbhi oMtThioscoeref i gur ati on -teinnmaeb |leR isnyangecit
ensuring accurate localization and temperatur
The system empl oys automated segmentation al gc¢
and i mproving meadBhiasanealtg arcictuhms yf.i rst detect
higesolutilomhti §imalges, which are then mapped
temperature measurement region. This process

avoindg interference Byomreurdoongddegat!| edutsmp



the ocul ar sur face, Ther mOcul ar al |l o-wsel|l dbed th

cooling, and regional temperature variations.
tear film instabhdvdyshawn etamdti ear sdasudoe f | u
correspond <c¢closely to regions of | ower ocul e
evapor atifonn trhaet ecsurrent study, these cool er r ¢

infrared thermography to assess their spati a
approach is consicttleet mwawddadt marn engmorMgtormat ed
correlation between tear breakup areas and o
evaporative | oss can be mapped t hermographi ¢

mechangi sihs

Compared to traditional metoma cdasc,t , T lr eerpre@ct walbd re
sensitive approach to OST measur ement, maki ng
and resear ch* applications.

3. 2EQRui pment and Experiment al Setup

3.2 . RhelremOculd @rpoSy st em Component s
The exper-upmennaluded a Teledyne FLIR A655sc |
Wil sonville, OR, USA) featuring a Bl40O,L 4&ahdpi x

thermal sensitivityfroafmel essisz et bvaafsr GQum@i SHAeArteedA odftu

to achieve opti mal tempor al resolution. The ¢
cl euspe l ens, which has a high refradtdmyeanddes
transparent t o | Rd, pfraecciilsiet atth exrgmadle tiamd geidn ga no f

ti sFugd6 edi splays the IR camera system with i



standal-opel ehseswith protective casipgetcBysj obo

t hermographic capture.

Figd#a e (A) Teledyne FLIR IR A655sc | Ripcdmarsa e
for enhanced ocul ar i magi nugp; |(eBn)s Satiatnhd aplroontee cg
designee¢rfecri shimgalg ¢ RIource: Teledyne FLI R (

The visible imaging cempmnprdrutd eadf at HeC | aévapBenSiabel
(Teledyne FLIR LLC, Wil sonville, OR, USA) de
i mages for anatomical reference. This camer a
Group Corp, Tokyo, fJa®.ahy QGm,t hr eas opli wteilo s i fe D/
and a frame rate of 75 frames per second. Add
deci bedssaturation capacdighof pto830 aabRyaed,e x aal
Green,coBlowe out put. The camera was eedupisgpeends wi
(Fujifilm Corp, Tokyo, Japan) featuring a foc

12179 cm at a working distance of 17t ncermt sMafnou a



sharp and cl ear 3acproedamratgs ntgh e Fiigpagieng syste
51S&Ccamera with its CMOS sensor (A) and the &

resolut-iamgecéaowaeomical visualization.

Fig8f*t e (A) Tel edyneC Fhd &Rh iBrFeS \b5ilsSi5acCn c-ameed, de
higkesolution imaging with a Sony | MX2Z83u0s@MOS
| ens, optimized for macro i maging andigileci se

of wvlinreewe source: Teledyne FLIR (www. f

The mounting systdmmpormsiomied ostome silnttegr at
positioning ar m, -raecsconmmedntceatdonbgn auhe adt abl e ar
of the participant's head dubonlg mamsesuagsmeas sc
using a PC computer running specialized sof
processing, and synchronization between the |
empl oyed OCRNet segmeurrtaateiloyn iaslodocartiet hamsd tam ad cy

temperatur e Cereagiusg termatnitsn bet ween the visible



by capturing synchronized frames from both <ca
that aligned the segmented corneal region fro
frame. This ensured that tempkyawuthi Bxthactan
defined chirgB&adi |dmuesd.r ates the compl ete -Ther mO
|l amp biomicroscope, showing t-@Qevi it lelgeg a¢t a mexr @

FLI'R A655sc | R c arhdrgde sfoolru tsiyonnc hO SoTn inzeeads,ur e me nt

Fi g38& @u s tnoond i f Hl eadmps |biitomi cr oscope equipped wit
camera system, i ntegratingi ai beéleedyamer BRLIaRdBRA
A655sc IR camera for symchnmowmneaexedpr enaigd evgal iT

fxation,r asndl bt igdhn OS.| ma g sRiifdeaokesin tEZ, Wong A r
A novel system for ocular surflaEEEtAmpes a |

2023;111488893 doi :10.1109/ ACCESS. 20



3.72.R2af2t wa/rne/oand Data Logging

The Ther mOcul ar software synchronized the IR
simultameddscddtoan. -tlitmeprn ommagesgd rmreadl yi ng adva
based segmentation to accurately isolate ocul
continuously recorded over a predetli hed debtnaul

anal ysi s.

3. 2Ex3peri ment al Procedure and Measur eme
Participants were instructed to arrive at the
were required to acclimate to the experi meni
acclimatization period al |l oweedn ttihael taeratri ffiiclinal
OST due to sudden environmental changes. Envi:
a room without wi ndows or airflow to elimin
measurement, ambi enretr et emepceorradteudr.e and RH w

Participants were reqgwp ramd troe frreaniorv ef raom we a&r i

at | east 12 hours prior to testing, to prev
Additionally, participants w2rei nuntseés ubeédr ¢
measurements, further ensuring tear film stabi
b r euapk.

Participants were seated comfor treebslty awis bh.etahde

The investigator carefully aligned the | R an:i
participant's eye. Particepiagnat eavertearn qiestt rpae g
the instrument to maintain stable gaze condi't



Depending on t he specific study protocol, b

Participants were either allowed to blink nor
holding their eyes open as | eng has ppossichlpand
the i nvestigator initiated synchronized | R an
the custom Ther mOcul ar software (Dr. Ehsan Za

recordings | astasledipon oi Mdi wiedwaldsst bdy requir
At the end of the measurement period, the inve
software to conclude the data collection. | mm
i mage data were automati calAfyt esavceodnpt @t it mg
measur ement , the investigator ensured that al
backed up for subsequ39ntprdeesteanitlse da arneap ryessiesnt aR
Ther mOcul ar systeameds vawihrbd €dyerdfdahr amd | R (r i
The visible i maegeolmurntowindasn aliiognh ¢ al detail, wh

di stribution, emphasizing regional wvariations



Fi g83%% e Synchroni zed i maging output frolm ghte Th
(left) and I R (right) eye irneasgoelsu.t iTohne avni astiobnhiel
while the I R camera recorded OST adiisotnrsi bauctrioosr
eyelid and?ddrnmaeyeBifdeagi:oBZ, Wong A, Murphy PJ
ocul ar surface temperat BEE Ke@088e A1a4n0l1849808 0 3t r
doi :10.1109/ ACCESS. 2023.33413514

3. 2DaAt a Anal ysi s

32 .ASTL/ Cadncul ati on

OST values were extracted from t(hFeLl IRR Siymd @ ens
Wil sonvill e, OR, USA) . Temperature data was |
gradients across thbliconknetampsuaface, ranadyv @roy
spati al analyses were appO0O$E.d Tthoe asscsfetsvea rdey naap
selection criteria to exclude blurred or misal

temperature fluctuations.
3.2 .RIOI2-Sel ecti on

The ROI selection varied by study, but the se

study culseianrg oaver | By de¢rmsnpdi@ateonsi stent and stan



al | partctieapaovewhay usemplt atal i gn the corneal
by referencing thAlet hcoaungthh uasn aotfo mihceale ylea.nd mar ks
ensured that the distances between the centre
participants, i mpr ovi(rg g &l®gT.hdasl nsettahnoddar e ns at
measurements across different individuals rem

measurements betweamdt perdc phreall &®KROMtse reduci

reproducibility in data <collection. The ROI
|l andmarks to ensure precision in temperature
as OCRNeher fuefined the corneal boundaries to

accur acy.

3.Besearchl RE Softwar e

3. 3Rulrpose and Background

| RT has evolved substantially from early stat

and were prone to obsderrivveern baipapsr.o aMohdeesr,n ssuocfht we

Systems) , now enfbime Bempernatdree ROA & cskeilnege,t | o
sophisticated statistical anal ysi s. These ac
reproducibility, and practical utility of OST
clinical di agnostiysf amdi mwestairgait,i mgpntdda ard fair |
cooling, and ocular surface inflammati on.



3.3EqQQui pment and Experiment al Setup

313 .Reske/a rocihl RpaS/ofst ware Capabilities

Researchl R software (FLIR Systems, Wi lsonvil/l
platform desi gqopeedemperatate extraction and pr

with FLIR ther mal cameras, suclksaslthsupmbpbRtA

|l R video st-heammegplfaybmek, and precise tempe
The software allows flexible ROI selection, |
detailed temperature mapping, with options for

data extraction featureseponctudeanhemaki mumy
temperature values within selectedmatgfons f u
statistical analysis.

Resear chl R -sspuged rftrsa rha grheet e sR fvarderoealnal ysi s at

i mage processing features, such as ther mal |
temperature variations, nNoi se mprbverimegsandn
accuracy, and histogram generation to facilit.
Additional ly, the software supports compr ehen
including raw ther mal data exports compatible
for the overlay of I R and vasi al eaiimggment sag
more precise interpretation a3@deman sytsriat ecsf (

mapping of the same patient using Researchl R

grayscale and the | ower image utilizing a col



Fig3T@® R i maging anal ysi s (Tuesliendgy nRee sfFelalrRe hUl LRC ,s oW
OR, JWSAisplaying OST mapping of the same pat
pal ette, while the | ower image appl(ilemagecol c

0
created by the author)



313 . Bxep2e i imecnute anl Prronchnerdouwarm/e and Measurement Pro

The FLIR A655sc I R camera was connesxpdeead tdda ttah
l ink. Prior to measurement, the camera was cal
and ther mal range adjusted to ensure opti mal

Participants were comf-one d tabarydsploetaod iman end au sni
during measurement s. Particigaerdtinedernrarigest nu

consistent and stable eymrgpositioning through

The investigator initiated I R data capture wi
the ARecordo button | ocated on the topitool ba
FigBt®). -tAi mealR video stream was recorded, t
seconds, depending on the specific study prot



Fig3#ri&Resear chl(RelsodytmearFeLl R LLC, iWitlesrofnavdé | @ur
ocul ar surface temperature recording. The AR
initiate thermal-tivindevi daptstreeamhiesreiaspl aye
t ool s todlirntrergd 0oth ( ROMpesalt ecéi moni toring, anc

visible on(ttmagri ghteapa&®melby t he aut hec

Upon compl etion of each recording session, th
acquisition. The | R data was automatically s
Ssubsequent anal ysi s, t emper atwsriengp rtolfa | feEx pwerr
function in the softwareb6s data output panel

backed up for further analysis and reporting.



3. 3Da3t a Anal ysi s

313.8S T/ Cadicul ati on

The Researchl R software extracted temperature
as the mean temperature over time, and temper ¢

blink cooling rates and taasri ngvaepioea.tamnal vdif €
313.BOI2«Sel ecti on

Thecul arweegi masuall Reseheché &Ioos seRf@hu rteo oclons i s
standardi zed ROI pl acecnieenatr aocvreovslesa yautd @ mppaltrattiecli i
corneal center at a wuniform | ocation by refer
t hat measurements across different i ndi vidual
di stance measur ementer bandvepear itphhee rcaolr nRRQlls ,c erne
i mproving reproducibility inmnedpta ad alrlee vtail are.s
thd exd ed cdoheeBDl aseae and resel egtitdmgrcant bpi
densitiestandefegeonsemperature mapping accur
Averaging of measurements across a | arger ROI
i ndividual pi xel noi s e, |l eading to-pmeekt RO&abI
provide higher spatial specificityl2but | may rlad
three ROI selectkti Resmarhhdd®fR wiof hiwmrteh a singl
average (Cursor 2), and a custom édlilmepttiearglorra

temperature plot for dynamic analysis.



lelative Time (Seconds)

Temporal Plot: Ellipse 1

Fi g2 ROI selection (Tl RdgerarEhll R Lslod,t,Wwérl e on
demonstrating three differentCumestolso dig | feopi &x:
| ocattuorP31 @ pixel Eavepageilomamegi on averagi n
The software generates temporal temperature g

changes over ti{(memagt eaehtkdchayi 6he aut

3.4i pi Viewl | E Ocul ar Surface Inter

3. 4Pulr pose and Background

The | ipid | ayer of the tear fil m, primarily
reducing tear evaporation, mai ntaining ocul a
Dysfunction or absence of thievalpayarnr i oan dieqmi
symptoms and discomfort. Accur at e meaeDUEr e ment

associated with MGD.



The LipiViewll Ocular Surface Interferometer (
FIl orida, USA) employs advanced interferometr:]i
wi t h nalneovneelt epr eci si olni.ghWt iiltnnzyg,mfgd i whnid/ti ee wl |

interference patterns from the tear fil m, pr o

Additional ly, t hme aim §/ 5 Faedaidaitmeoogi pgr dtoesvi sual i z

gl and morphol ogy, enabling comprehensive asse
guality.

By combining precise LLT measurement, mei b o mi
(including parti al and compl et e bl inks), Li

di fferentiation of EDE <conditionsheelnt svahii gifat
through comparative studies with other ocul ar

both clinical practice and research settings.

3.4EQRui pment and Experiment al Setup

3424 . L2vpLic/Msisenwc ol System Components
The Lipi Viewldl Ocul ar Surface Interferometer
capturreess diligthi oghtwhi heerferometry i mages from

used to measur e -lLevelwi phe cniasniooeain €A dre tkida® na h |
camera provides detailed images of the mei bomi
dropout and dysfunction. The sheadmandsehtopp
ensure accurate @ioparnt omamcecgt @f maihet gpiamtconsi s
integrated i1l lumination sylsitem, <ouwmpcece sfog ar

i magi rage aanri @ aardei dastoiuornc e f or mei bomi an gl and vVvi s



i mage acquisition. A touchscreed rdienpmliagme ared |
interface for capturing iIimages, analyzing dat
Ambi ent l'ighting in the examination area was
interference ivwihtth itnherwkirtoenet ry i maging pr oc:¢
| ayer measurements and reliable3l®&madinsgl ayst
LipiViewl!l system and moni t3dr4d gtresaent s alai zsait

highlighting the key components responsible f

QLirView

Teskmg system hardware

Fig3#r3® The LipiViewll Oculahnsanm f&@&ckohmgesen f\eir
|l nc., Jackson)ysihlolwei,n gF ltohrei dsay,stWSA i ni ti adi zatic
rest-f b(elamdage created by the author)



Fi g3z A side view of the Lipi YJdioehwlslo nOcé&u |Jaorh nSs
Vi sion Car e, Il nc. , ) J aschkeswiennvg d meer, a-rkFd sot {i edaan d dJhSeA
rest 6umaget ctrheea taeudt hboyr )

3424 . Bxep2e ot 'meenute anll VieRsrronene/dowam/e and Measurement Pro
Participants were instructed to arrive at the
arrival, participants were required to acclin
room without windows or adtrddtoimgnst oi nel RHni nRt

measurement, ambient temperature and RH were



Participants were advupeandor efemaivie famgmey®i m

drops, or skincare products near the eyes fo
potential artifacts i n i matghiincgk naensds pnreoansoutreedmean
During the measurement session, participants
devi ce, aligning their forehead and chin secu

Participants fixated on azdeshgonagbdutat et i m
Each session invodeaercadnd witdadamradaredli B, dur i
and bl ink patterns were analyzed automati cal
computed average, mi ni mum, and maxidmwmmpLEte
bl inks. Al recorded data were securely stor

consistency and reproducibility across al/l me

3. 4Da3t a Anal ysi s

The LipiViewl!l software automatically proces
val ues, bl i nkeidlyommimamcsg!| amdl i maging results.
partial and complete blinks, which are aut oma
st abRilg3lye di splays the LipiViewll inter-face d
time interferometric | mage, LLT values in nan
and tear film stability metrics.



Fig8% The Lipi Viewll Oc uJolmmson &lomnson iston Caret er f er

Inc., Jacksonville, Florida, USAli spl aying LLT measurement resul
time interferometric image of the ocular sur
representation of Dblink péaétmagescaprdtedabyft

3.6CULUS Keratograph 5ME

3. 5Pulrpose and Background

NI TBUT i s an objective measure of tear film s
blink and the initial disruption of the tear
essential for <c¢cl ear vinsgi ocsru,r foaccuel ara ncaogref, o rpta,r tar



|l i ke DED and MGD. The OCULUS Keratograph 5M (¢

cont acrtesohliugth on i maging system, t hat combine
film anal ysi s. It emp !l oyre ainPfl raacai dddoait maaeqigng | 1 o
accurately assess tear film stability, -I'ipid
i nvasi ve, repeatabl e manner. Il ntegrating NITB

OST analyses and evaporiinetta yt eparo vfiidlem dyregpmir

rates, and over all ocul ar surface healt h.

3. 5EQRQui pment and Experiment al Setup

3:5. QCcUuLsUsSiokeriatiogroaphbM System Component s

The OCULUS Keratograph 5M system incorporate:
comprehensi ve oculNirTBsUUTr fiasc emeaasssuersesdmeunsti.ng P
where the system detects distortions in the
destabillnifzraatrieodn . me i b oegaimd p ey ceielattpal @wissual i ze mei
gland dropout and atrophy, which are key indi

t he sofsfterms ocul ar surface redness analysis,

detail ed eval uation of vessel d e meiatsyur a md n td
capabilities deliver guantitative evalwuations
assessment of tear film dynamics.

The experudapefndlall owed specific |Iighting condit.i
to optimize i mage acquisition. The room | igh
reflections that could i nteN®&anrfer amrdetdhdti Pobdeecsi d o

wit hidrevtilcee were used exclusively for NITBUT a

refl ex tearing triggered by bright l i ght e X



measurement c@8h@dishows.tIFre gOCEBLUS Keratograph
noinnvasive tear film analysis, including its

ti me data capture and interpretation.

Fi g3l OCULUS Ker(a@ouwlruup hGradvH, VEeytsztleam ,s eGe ruma |

noinnvasive tear film analysis, including Pl ac

assessment. The system is-timeegmagedgwahtd dat
(I'mage created by the author)

3.5 . Bxepe il 'mecnute anl Pirronecne/duwam/e and Measurement Pro

Participants were instructed to arrive at the

were advised to avoupd uosri nogo netyaec td rloepnss, e smafkoer



testing, consistent with the preparation guid
Evapori meter assessments. Upon arrival, parti
environment without wi ndowsl ueart uatrbdbhewi ho RBI
temperature and RH were recorded before each
Prior to measurements, participants were 1inst
uni form distribution of the tear film across
comfortably, with their hamadsfotalbheddzrastby. tT
eye was aligned centrally within the Keratogr
ring projection for tear film analysis.

The Keratograph 5M automatically recorded NIT
refl ections on the tear fil m. Twfoi rpgti,mairnydipaa t:

time to the firsup oobns etrhvea bdBdY -t ecearra gher,de aMké 0r e s e

mean tear film stability across multiple corn
NI TBUT measurements to ensure repeatability
detailed topographilwuaaslt rtaegamgfitlhm magsutgi.ons an

3. 5Da3t a Anal ysi s

NI TBUT Bl oues anwderARveauvatgremati cally extracted
anal yses were conducted to compare NITBUT mea:

variations, providing a comprehensive evaluat



Chapterxpderi ment s

4 .11n wwixtameo nati on of distifll ed wat e

4. 10vler vi ew

Evaporation is apfaaoadamemmnalwhplyns i imodlecul es a
possess, or gain, sufficient energy to transi
the at mosphere directly above the | iquid surfe
by various falkdmnircsal i amcrmpas intgi on, mol ecul ar we
environmental conditiorn%p2'8% uch as RH and temp

Water, sbemphg@ @ol ar mol ecul e ew hihb il tchsv gahd dEeRc aitl iav
to the water molecule having weak intermol ecu

based <69 uti ons.

By contrast, the natur al tear film is a highl
resist evaporation. 't consists of a superfic
mucin | ayer t hat binds wdeelyitmg tdley moacadlayx s
support stability. Toget her , these components
evaporation between blinks, thereby Hai’'nt’ai ni
Arti ficial tear s, desi gardi ftiocimalmitcearatfuoramult
vi sceshaygcing agent s, l i ke carboxymethyl cel
hydroxypropyl methylcellul ose, which reduce t|I
for the a%?f.i?2f%i cial tears.

A comparative assessment of the ERwofhodbnomal yi f

provides insightiimmtonghefa@rmpb gwiiddlostoh e er v e



evaluate the sensitivity and perfor mance of
di fferences in evapor at iAosn puanrdte ro fs ttahnidsa r edx pesrd
distilled waféAkand Thesafmear sleal war e Ameadube

using the Waterl oo EBwaaspocrhionseetnerdu el hteli@ Thgpsot h

viscosity, electrolyte balance, afdomevapdhat
at a significantly | ower rate than distilled \
tears and reducleé-?tar film instability.

The primary objective of this experiment was
watana ppmol ar, -esmlhantcredal vatra i f i-coat ait eiamg f &r wmi
pol ymer (e.g., carboxymethytoebbsasbkessehowndubh
mi ght reduce, taakegvmepohan i’?®m& ¥naead ddrmy EMDjEe c
to validate the performance and sensitivity

changes in evaporation dynamics under control

4 . 1IMa2t eri al s and Met hods

4 .V . Bxeple v /Imeon dnall Descicgm and Model Eye Selectic

Anin expeoi ment was conducted to assé&ssudihreg EF
a cudéosmgned (Madalf dayy eabMraend e | Knappeto, sLmadance
the exposed ocular surface. The model eye fea
area of(Fig#b)ecmh calibrated svoll wtmeo m fwals 2p inye tc

model eye chamber during each trial, correspo



Fig#4kreThe selected aluminum model eye with
designed to simulate the human ocul ar surfac
aperture represen(tlsmatghee cerxepaotseedd btye atrh ef ialt

The central anterior corneailhds canjsurfsacepanred
using geometric model?PHowevert hedaird mam odietnn e

particul ar | yt hbee ttwoeteanl bdxipkssed ocul ar surface |

the centr al cornea, such as the adjacent bul l
selected to better approximate this full exp
conditions during evaporative tear | oss

The modelf abyecwasd from aluminum and featured

of 1.2 mL to hold the test I iquid. Distill ed
solutions, representing pure aqueougnedapor at
mi mic the tear f il m.

4.°0 . BxeRewvd 'ment al Setup
TaeplicahmeodeSdT eye, distil Frear excapmedri,t iaonnde dT hoevr ez
i n oavren (Fisher Scientific, WalthamnsMadsadh urs

nor mali mh@diadt elr y?@Fb BB s howni43 n efxlipgguri enent we



conducted in a controll edlZE®nRacloagiel h cBhlanbeems

Il nc., Glenside) B@&dALwlananidd % RSA



Fi g4z elLabor atForsyneaveSci entific) used to prec
solutions (distilE) etdowa4ARC, asnnidmThatriadgapbysi
evaporation( mmageremeated by the aut h

Fi g3 e Controll ed envir onlme nRa cckhaagrbeee h (BWwoedted mas

I nc.) used to maintain stable temperature |

measurements. The chamber i s equipped with th

dgi t al monitoring system to (elnrsauge rreati este be
aut hor)



Foll owing the establishment
t est solutions was undertake

Ther aflvaasr cshosen.

of

n

a physiologica

to simul at

Ther afTiesapme s e v &tei, v eel aelca & od dyftiec i al tear

rehydrate the ocular surface

active ismogricasdnb e m ¥ met hOy.|2c5e% | walcwdl sueba s can't

e

s ol

r el

ut

support.Tghke bal a

t hat

[

tear film stabili f£32Addi triedrnualelsy @ viahpe rdaa fi dotair o

pl ays aemnmhodnreciinm retention

specifitlaei dhsaerodr eTsachdtteed i n

TabdtleSpeci fications of

of

t 8l F@é utfiudn

TheraTear sE

Product ! Ther &fTear s
Manuf act Akor n, USA
Type Aqueous

Key Active

solution

SodiCem boxymet hyl cidlulbulicsae t(

Boric Aci d, Calcium Chl oride, M

l nacti ve |

Sodium Bicarbonate, Sodi
Li pid Com None (primarily aqueous
Preserva Prese#dwvaetei ve
pH 7.4
Osmol ar i 2570 mOsm/ kg
I ntended Agueous Deficient Dry
Mechani sm Replenishes | ost moistur e,

Clinical Studies show i mprovement in dr

ubr



4.1V . BxepBes irmemnt Procedur e

Filling thwhiMoedeilnsBydee the oven, a | argfe sampl

were transferred into small plastic cups to f
1.2 mL-wafmedel i qguid was withdrawn TL@0bg an
mi cropipette (Eppendorf, Hamburlg, eyGeramaamheran

Evaporati onTMeasnwdemedelty) e w@kki gqwrie kl 'y transferr

t heenvironmenamd pglha@dddhdErohne aat i ng pl ate (Digital

Pennsyl vani a, USA) to preserve ther mal equi | i
conditions during the The agtyteatg ogng | me asfur ¢ mer
Evaporwametgentl y pmloacdddogwrerr at B&erxdhtpreeaht e X 1
airflow intWatferrlema eEv aifhee(GiorggD eer Elo §Bhimbazkar, e

Mur phy L obfex mernirment al Wap€emaway initilaGed wi
seconfdsevapori meter goggl e skRHIl and t ewglrexgd tnur
recofraderd ti meso3@ers ecoomalesdt ure evaporation dyneée

Po#Measur emenAf Handétahcelwmar nahg | i quid in the mc

and the moddreile de ywei twha sKki mwi pe ti ssues (TKhent ech
model eye was t hdrmregteiul inkBdaki@ofoatrhee otohvee nne xt me
This process waslénepseat eéteafioset ia,ltedF Hwbartaddfe ar s

Toni ni mi ze e Xx peertiwmemt &lr idarlisf,t measur ements wer e
to allow for full drying, temperature stabildi

in the model &eye.



4 V. Ratda/-Col | ecti on

Thwat er | oo Epragpwird ek Rotlr natnidn utoeunsper at ur e data fi

gog,.@alnel t hese data wer eERs adfy ztelde t.towal ett eeg tmi Inieq |

4 . 1IRe3s ul t s

The ERBR$sbflled watfewmerandcanbhegrzaHbearos determi ne
significant difference bet wWielnk tthees tt waoo nfeisrt mec
datasets were normally da asptnteecsdtsep.erBadgaenck dgn s

no statistically significant diffée&(dm®®dein ER

Tabdl2ze Comparison of evaporation raftes betwe

Condi t Me a n NS S h a pWir lc ShapW'HOPair-teeds Pai t-teal!
(mL/ mi n Wvalu p-val uce p-val u
Distil]l 028NO0 . 0 ¢ 0.97 092
t(7)il= 1 0.29
Ther &T 0. R®03 0.90 0.45

Fi g#44 ebel ow presents a bar gdeapihatsihomwi mfg ERe f

test |liquids. The mean ERs were 5i mwilaroberWwvag
standard deviation error bars, Il ndicating no
Ther fE@ardi t i on. These resunl expeonfmemmatt hatondu

in this sthddiyd nTohterdaeTmeanmrsstr ate a statistically

to distilled water.
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Evaporation Rate (uL/min)

0.10¢

0.05¢

0.00

Distilled Water TheraTears®

Fi gésdMean ERs for distiF | epd ewsaetnetre da nads Tnheearna TRe
group). No statistically significant differe
0. 2P&i trteeds t ) .

Fi g#&45sehowed -ttihme rielmdr ease in RH inside the Wat
the evaporation experi menf fdeermocissttrialtliendy vaa tnee

RH trend over ti me.
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Fi g#45 e Rteiarhe RG@ nt rseeicosniddsg t he Waterl oo Evapor
distilled wa€t.er and TheraTear s

4 . 1Di4scussi on

This study evaduated!l ¢dhewa&tFsunadenrd cTohmet rnadlltel@evds
conditions. The findingfexihnidiictaetde at hsalti gvhhtillye
compared to distillepdtwatetijst.heall yfergncéei w
Artificial tears are formulated to mimic the
mai ntaining ocular hydration ased hraemccu mign (@ geewnd |
car boxymet,hyhyelldrudmisce aci d, and glycerin, ar
these resultthe ipmekiseatce toHatel ectrolyte bl ends
sodi um, phosphat e, and -bhil @aarch mmaile mpomcke ntos r
significantly reduce evaporation compared to

lipid layer inuphaneéxipediimend Aéavhetch behaves



in an exaporealt®irtdbifdebiads ed f or mul ati ons, by contr
provide greater resistance to eé¥abPlirats wggantd
t hfaur t her te€tmitmg nomgl iapitd fi ci al tears may pr
control

't is I mportaemBpboanhobe measutrlkeeent s-sierc otnidi s
observation window. This duration |ikely capt
from the tear Ssubstitute, rather tdoamagbien sl
agents and bound water contribute to tear fil

i mmedi ate behavior of the solutitermnevhpooat

resistance. Under this modatce bheweaonokdbobst imlels
el ectrrioclhy tfeor mul ati on aligns with what might
ear |l y npagtll ation period. Extending the measur

for a mor ee scsommepnlite toef atshse sol uti onédés capacity t
stability over ti me.
Given the absence of a sigat écxoamtdddifhgr éeme

absolute amount of evaporated volume relative

wat er andEbTethearveeT esairnsi |-taegd m, udiahetrs asihdaetdi ons. Thi
be relevant for experimental setups focused ol
not necessarily reflect the broader physical

This may be apipl ivietod ®@r i suckatai model sudglcuse
more research is needed before drawing broade

Ssubsti Hotwever, it i s 1 nparntiantl ttdopwled cdoagmitiaznmes t |



evaporatiomsmosachtys | ubrication,, astdowlcdul BE

considered when selecting an artificial tear
I n addition to evalwuating the artificial t ea
performance of the Waterl oo Evapori meter. T
measurement tool capable of dedgglcda i cnWairsluebrtnloe
reference device was used in this experiment,

nformally compared witBbrWorhgebésDewdrikn, Epreo wWiadgionw

validation ©ofnithisenentexttyfisensitiveo refet

(@]

hangesseadondd 2i5nt er v-garl 8i, neech adll omeg dalneul ati on:

The consistent RH trends observed faocrr odsest ercetpie

-

el ative chanaessietint ®tnegssetrionedadédtiddor di ngs enabl e
calculation of ER, demonstsruattierdg ftolratc otnh @ od \ a&

studies examining tear film dynamics and arti

4 . 1Li5mi t ati ons and Future Directions

This studyiimastataetoasstadul d be athkhnemoidedgedesFini

account f or pdryensaemitc ifmacttloe shbmanktegyr ftebam,tas

i pid | ayeSi ncn@eetriaecRiilom sLE Lppldaysayar mdg duc irmd e

0]

vapo,rtatei oenx pe ruipmemayal nstetf uwdryl d eqpd®i Eiatt iec ese.a |

studi es s heoxulwedi vcoomestibdoedrd bogse®ss the pefFfor man

in more clinically relevant conditions.
Additionally, the exfpiexddneeanviwrasn memtdelcit &K aarn c
may not -swefl ectvarealti ons. Changes in RH, airf



influence ERs, and f at bre® ardesearanlgyesiod udlechve x o

assess formulation performance across differe

Another | imitation is the relatively short me
been sufficient to capture the full evapor at
primarily reflects the | osbheofeanbsubdtbtufee
more physiologically relevant bound fraction
by vi®aoabantyng agents. Arti friiccihalf otreraurlsa,t iiomcsl
viscositycmoas f¢@®mrsoxwymet hyl cell ul ose, often
as the unbound water dissipates, followed by ¢

By restricting measurements to the aetnedyt pba:
| ongerm protective effects of the formulati or
significant di fference bet weieah dsecltutil ed wmat €
perhaps unsurprising atnar imaatyi o edfl emdany aretniefria
under short measurement conditions, rather ttf
extended periods.

Finally, comparing different artihfiigchieal vtiearo s
agent v,asleidpicmponents, or, mowdld tpearvifdiel hhugttd
which formul ations off erGiwvwemertiher fdwap cargast iodn
work should fodugiodbhaieviangaandgtftihei al ef é@rccs i

mi ni mizing evaporation under physiological <co
4. 1Cooncl usi on

This study found no significant dif fEWkinlce in

this may suggest similar evaponatciotnmda it @ oan\si, or



absolute volume of fluid | ost washesnhalnldirneglsa tsi

not be overinterpreted. These results do not
settings. The study highlights the i mportanc
presence, and the spevalfuaat icnognteaemnxtti foFfo iuad e tvele

research s honulas gfeoscsunse nabm sadd f bt mubatiensunde

strategies for optimizing tear filmestability



4.12n wivtapor i metry of different of

t hi cknesses

4 . 20vler vi ew

A critical deter mi nant of TER i s the LLT of t

oils secreted by the meibomian gl ands, serves
thick lipid | ayer stabilatieen.t h@onwvanmrsdliy,m dayn
mei bomi an glands can | ead to a compromised |

contributing t3&EmpPpEDicandistiudmes have demonstr
correlates with heightened TERZY Zderstuhletrinmogr ei, n
extent of the ocular surface exposed to the er
areas facilitate greater evaporation, as evi d:
with obBGDuamhpareed to Hbohesad isudijehlkttss. under sc
interplay between | ipid | ayer integrity and oc

and preventing elxmceswsmmeaer ye,v alppoR aits oghaver ned b

of factor s, i ncluding the integrity of t he |
environment al conditions, and Unnddeirvsitdaunadli ngh vy
el ements is essential for developi g |efkfee dDtEIDv

Given thelet iilbdli ngsd ocul ar surface size dire

Il n thiisn secomar i metrytbaepefi menedfl eaynedals ¢yz eyt

LLTs tewsatseod observe their potenti al effects on
under st albidoplgy sihca l mechani sms, purdd rdli ynign gi mpeoe
i mplications DED research and treatment strat



This experi ment aimed to confirm that thicker
protection against moi sture | oss, whil e | ar ge

greater surface to ambient conditions.

4 . 2Ma2t eri al s and Met hods

4.2 . Bxeple«i /meon dnall Descicgm and Model Eye Selectic

Ann expeoi ment was conducted to evalwuate the
A cuslttemgned model eye system was used to sim
eyes were fabricated from al umia ucna paancdi tfye attou rh
test liquid. Unl i ke the previous study, which
study wutilized two different model eyd6)sizes:
The apertur 8Mlva@bumedoM2tbB® model eyes were 90
The selection of these sizes was based on th
exposures, with the smaller model eye mimicki
closed eyelid or a smaller corneal exposur e &
exposure conditiowopenwkeyehposcur ons wrdendi vi
fissures. These variations sdrmemtedo ff omova amoule

area interacts with LLT in influencing ERs.
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closely mimicking the tear filmdés | ipid compor
system where surface uniformity directly affe
spray puff volume provi ded lai giohsdesde,nte maaldl iers

over LLT conditions and reducing variability |

&PcANDORVISION

VAPORISATEUR OCULAIRE
EYE SPRAY

VAPORISATIUR OCLIARE AUX
UPOSOMES AVEC DEXPANTHENOL

SANS AGENT
DE CONSERVATION =

UROSOMAL BT SPRAY WITH DRORNTIINGL 0~MOOQV!90\

PRESERVATIVE FREE

Fi g&4t e CAEBYYe Spr ay?3Plam&gei mhgom: Candor Vi si on.
Packaging [l nternet]. Montreal: Candor Vi si c
https:// www. caneoHepilsasiyon. com/ cal mo

CALMEEYye Spr a7 (Waguckosen for its ability to
fil m, addressing one of the root caus€&keof dr
spray contains | iposomes | iwkhei cfhi Icna no nf otrhne as usrtf

hel p reduce evaporation. -vitaali 0 BSn¢l| wte € hd sx
a moisturizer and suppotrtdoegpindteldiarl e gptrloy eicrf

The | i posomes ar e ¢ ompdesreidv eodf pshooys plheocliitphiidn, W


https://www.candorvision.com/calmo-eye-spray

constituent of t he

aqueous surfaces, r

t

he spray suitable

systTehre. i ngredi EEty®

S

ummari zedd3 in Tabl e

tear fil m, soy |l ecithin ha
educe surface tension, and
foriprealtaygr comtclhées ¢hl

cfpr@xlM@s provided in the

Tabdl3e Specifications of CALMO Eye Sg

Product N

Manuf actu

CALM@Eye Spray

Scope Eyecar e, Ger mar

Type Li phiadsed spray
Key Active Soy LeéedtcitphidnLayer Stabi
Il nactive 11 Sodium Chl oride,ViEtahminno IE, VR uW

Li pid Comp

Preservat

pH

Osmol ar it

I ntended

Mechani sm c _
[

Clinical E

Soy Lecithin

Preseifvaetei ve

6 .-78. 4

Not specified (spray a

EDE & MGD

Stabilizes the | ipid | ayer

mproves mei bomian gl an

Clinical data suggests i mp

and reduced tear evapit



4.2

To

i n

. xep2e v 'ment al Setup

replicate physiological OST;cotnlde tmodeld ewee:

an oven (Fisher Scientific, Waltham, Mas s a

OST. The experiment was condobambdern n( Mdddelnt 5

Package -Eeclkl 8gstrems I nc., Glenside, Pennsyl ve
mai ntain stable testing conditions.

4.2 . BxepBer irment Procedur e

Filling theWMbdel s€Eyekl i nside the oweanr,metdhe n
distilled water wusi n@lO®@O0 Hppeamdgad rpfet Ref & rEgprpceen c
Ger many) , with the volume adjusted according
vol ume was determined by the model eye size:

for the 2.5 c¢cmj model eye. Depending on the a
or Thick) , a portion of the trot alndvalhemea ewmas
suppl emented by dispensing the required numbe
directly ontoThédesmwpradayernsauzlfecwas positioned

and maintained at a fiisedmdiabbaprcéhef | apgprdxs
even mist coverage withdwt sdiigtruamlyi rog talge tadu
after spray application, all owing the || ipid

CALMO@ ol umes are suddmarized in Tabl e

10



Tabdlde Distribution E€fyewdStperayanwd| OaedOf or each

1.25 ¢cm] and 2.5 cm] model eyes. The total vo

with increasing sprays representing progress
wat er v olduneec caodrjduisntgel vy .

1.25Maednel Eye (Vol 2.52Momdel Eye (Volu

LLT Wate -ALMO Number Water CALMO Number
. Vol ul

Condi (mL)Vqume Spray Vol ume Vol ume Spray

No Li 0. 9C¢C 0.00 0 1.75 0.00 0

Thin 086 0. 05 1 1.66 0.09 2

Medi u

LLT 0. 81 0.009 2 1.57 0.18 4

Thi c

LLT 077 014 3 1.48 0. 27 6
Thewaeri ations were chosen to assess the influ
increasing amounts of | ipid spray representin

Evaporati on TMea snworderme nety:e was transferred fror

chamber and placed on a 34AC heating plate (|

USA). T-eagwerggbgle of the Waterl oo Evapori mete
eyeorom fa tight seal , minimizing external air-
soft vGaorgg | ©r . EiBs a mVkuid gpprhey Laboratory of, Exper
Waterl oo, Canada) was i ni ttioatbeedgiwi tdhaitna 1cOo | d esa

temperature data were recorded four times pe

dynami cs.

10



Po#Measur ement AHared!l iemagch tri al , the remaining

eye was dried with Kimwipe tissues (Kimtech S

returned toetgbhel obeatifom te 34AC before the n

repeated four times for each condition, ensu
mi ni mize experimental drift, each measur ement
the model eye wagufiuwlrlayy edr ibeed oaned eraech tr i al

42 . Ratda/-«cCol | ecti on

The Waterl oo Evapori meter provided continuous

which were analyzed to determine the ER wunder

4 . 2Re3s ul t s

TheMean ERt SD for each LLT condition in the 1.25 émnd 2.5 crimodel eyes is presented

in Table 45. Each LLT condition was tested five times for both model eye sizes, resulting in a
total of 40 measurement8fter performing the Shapir@Vilk test and confirming that the data
were normally distributed, a twway ANOVA was conducted to determine the statistical
significance of the effects of LLT, model eye size, and their interaction on evaporation rate. The

reaults are shown in Table-@.

10



TabdseMean *EBRcross different LLT conditions fo
eyes.

Mean °BBR( OL/ mi n)
LLT Condi ti

Mo d e | Eye 1. Mo d el Eye 2
No Lipid 0. 3®MQ 012 0. 30 024
Thin LLT 0. 30 043 0. 306 015
Medi um LLT 0. 30 045 0. 3®M5 026
Thick LLT 0. 227 040 0. 3M6 023

TabdeeTwaovay ANOVA results assessing the main ef
interaction on ER.

Par amet er F-Statistic P-Val ue

LLT 5.420 0.0009

Model Eye Si 6. 780 0.032
LLTMbdel Eye Siz 2.145 0.104

The wawo ANOVA revealed a statistically signifi
F@2% = p=4DP,009) , i ndicating that changes i
influenced ER. A significant maihRQe¥WfecH. W8&8s
= 0.032), with the | arger surface area associ

LLT and model eye size W@AnedsdpstlQtilodd) cablygag:

that the effect of LLT oond&Re wakr@aoomgh sseati s

10



significant, thewabsoveaerty OmaAkge@®id . md R and o
apparent when reported to three deci mal s.

Given the significant main effect of LLT on ¢
conducted to examine pairwise differences bet
Medium LLT condition resobmpdred Nogh{pEhdahel
0. 031Nhiamdlon™i p3 olhh.sO X5) . No ot her pairwise co

significance.

4 . 2Di4s cussi on

This study investigated the i mpact of LLT an
condiThenfsindings indicate that both factors
|l ayer s, simul #Egeé Gpirmy E€AUMOiIi ng ER, and | ar
hi gher ER across all conditions.

ThEBFLAl ays a cruci al role in maintaininAg ocul:

study demonst MT&tltedmpbaéeéd aoimod@% wax ester s, 4 |

20% polar 1l ipids reduced water ERhiby ddé&enrnsca
the i mportance of | ipid compositi®f and thick
The efficacy of | i posonmaFiILLhege bepnayescumestadi

studioesinstance, a sltouwd yp hcoosmphao liinpgi chicgohn caenrdt r a

that higher concentrations significa?f%hiysi mpr

aligns with the results from this stulByesugge
Sprcaoynt ri bute to tear film stabilization and h
The results from this study align with these

increasing LLT. Specifically, the No Lipid co

10



LLT condition showed the | owest. This sugges
stability to the tear film, effectively reduc
I n addition to the influence of LLT, this stu
mo d e | eye) consistently exhibited higher ER a
the hypothesis that incraeaadsetdoeygpesceroeviapor:s
aligns with previous research demonstrating t
ar €%&.

Understanding the relationship between ocul ar
tear dynami cs and devel oping effective treat
i mportance of considering both elaurT eawadp oorcautliaor
mai ntaining ocular surface health.

The findings from this study have iIimportant

settings. The observation that TER decreases

formul at i ebnass emd tcho mpiopnednt s mad/u doien gnoe-wea fed tf eettit a
tear film instability. Mor eover, the signific
the i mportance of considering palpebral fissu
and designing treatment strategies.

Il n experiment al settings, t h e -nri ensi uclkti sn gv Bgalgiednat ts
vitrear film models to achieve physiologicall.y
ocul ar surface aresebeggesneshobbhtd cmbdeél gymir

exposure for accurate tear film evaporation s

4 . 2Li5mi t ati ons and Future Directions

While this study provides valuable insights,

10



The exper-umpmewadasal ceeducted in a static environ

spreading and redistribution of the |ipid | &
Furthermor e, although RH and t empdrdatfdrue tweartae
environment al conditions, such as <climate anc

althougtFEg@GRLIS@Pray was used to simulate the |
compl ex structural samd bihec méibivecadiverkempe K h & ens
the | ipid | ayer was not directly measured; i n
applications. While this approach all owed for

techniques woul d pr ovctdievea ansosrees sancecrutr adfe lainpdi ©

Future research should explore incor-ppsationg
better understand | ipid-upedifsarridwdmmwmline amngi ntg
dev{©euBlink Inc.23fTorsdhhmtud ,d @dmsadad)n.v eblavsee dt e st
artificial tears to compare their effectivene:
range of environment al conditions, particul ar
i ntoow t hese variables influence TER.

4 . 2Cobncl usi on

This study demonstrated that LLT and ocul ar s
Thicker | ipid |l ayers significantly reduced TE
ERs. These findings suppbosretd tahret icfliicniiaclalt eraerlse:
and emphasi ze time vmoddeedd sf otrh aptr erceipslei cat e physi o
research should focus on dynamic tear film in
[ i 4mii dni cki ngi drmgy mubafurther advance our under

evaporation control

10



4. B3nvestigating Tear Film Dynamic

|l nstill ation (PHASE 1)

4. 30vler vi ew

The tear fil m, particularly the | ipid | ayer p
in regulating tear evaporation and maintaini
moi sture | oss from the ocadeguauef aaoabri thei on
against DED FERpiseoemses as an essential diagnos
a condition®|l’Phéediet osililGidy used an eyfeeymeodel

spray to demonstrate the efficacy of l i pi d s
emphasi zing the cl-basedl theltapaease Wibwed g d

provide controlled environments to examine f
compl exity of physiion ogixwdh vas i albil els mpates,en®O
turnover.

To bridge this gap, the curreinnt .vsitSuyodeyc i dii mad |
investigate the interrelationships among LLT,
Studying these parameters concurrently -provid
dependency and offerght <limtaatl ¢gr sfiighhmfdyxmami
Additional ly, this study aimed to validate t
Evapori meter to measure TER simultaneously f
precision, bil ater al measur ement nc acpoanbpialrietdi ets
existing evapori-vi@apemest sruchDalsf it h éT%EéHnol ogi e s

Therefore, the purposdolaff this experiment we

10



(1) To validate the accuracy and reliability
(2) To investi galhtas etdh eeyiempdarcap oifnsltiiplildati on o

aiming to clarify their interrelated dynamics

4. 3Ma2t eri al s and Met hods

4:°3 . R2ublj e this: lamdi/ Et hi cal Approval

This study received ethics clearance through a University of Waterloo Research Ethics Board
(REB #44425). The study adhered to the tenets of the Declaration of Helsinki.

TwerdAtiwe healthy adul't participants (mean age
enrol |l ed linnc [tuhsei osnt ucdryi.t er i a required participa
active ocular disease or infection, and be a
refraining from compacand eomsulwam@r |tuhleey iesctanadkyg voir
Participants also needed to be awake for at | e

i ncl udesde ntchee opfr eany active ocular disease ofr

past six months, or the use of systemic or oc
film properties. Individuals VWeyh drbhpewnrspat
jell vy, as wel |l as those with a history of ref
All subjects provided written informed consen

4:°3. RampilcecSinzier Det er mi nati on

The required sample size farpribawsirsaodlyywas de
in G*Power (Version 3.1.9.7,; Heinrich Heine L
measures ANOVA) ewishidesign. Assuming a medi u
to Cohenéds Ud =8 06 DBpLifwewr t ik he8&Gnal ysis indicate

54 partici praemg i rweodu ltdo bket ect an effect of t

10



stati st.iTcheel epgdveecrt size assumption was based
out come, gui ded by piolcatordht dad heeper todd Dirn (Sh
eval uat-tear ns holmanges I n -H&ERedf oeyowidnop | i psdi l
comparable evapbthmaghytbeesuptudy also includ
selected as the reference variable for sampl e
pil ot data

To ensure adequate statistical power and al l o\

participants was targeted for recruitment in

4173 . 12ns8tircwome nt at i on

The following instruments were used for this
described in the methodol ogy chapter and thus
m Waterl oo Evapori me)ter: TER. (Section 1

m Kerat &dr(aOchul us, Germany35 NI TBUT. (Section
nm Tear ScienéelJahps®ne& Jbhnson Vidd)ion, USA):
Systane EEymplDegAdgt on, i Eammtha)j ci al pye aa@v &bV e

steri-basedi whdte emul sion formulated to suppl

navwo zed | ipid droplets ingredients that <coll e
tear film imrtaaegfitlty sembamnce yt and subsequent|
of SystarfevaGompmlsetde on its proven clinical ef f
established safety profile, providingl mn app

paramet edi7fsummabl ees the key spedcdifications of

10



Tabdt7e Specificati onfl iopfi dSyesytea nder oQpo.mp | et

Product N Systane ECompl ete
Manuf act ul Al con, USA
Type Oi-ilvat er nano emul si o
Key Active Propyl ene GLwboicéaf@t 6 %)
Boric Aci d, Edet ate Disodi um,
l nactive 1|7
Pol yoxyl 40 Stearate, Sorbito
Li pGodmponen Di myristoyl Phosphatidylgly
Preservat POLYQUAD( Pol ylgu ak.eOrOnli % m
PH 7. 4
Osmol ar it 300 mOsm/ kg
I ntended EDE & Mi xed DED
Mechani sm o Restores the lipid | ayer, st a

Demonstrated effectivenes:¢
Clinical E
reducing symptoms of L

4:°3 . Bxepde v 'meenute a | Procedur e
The experimental tasks were conducted in the

4. 3. Bas4eline Measurements

Demographi cme dicawdlarhi satnadry data were coll ectec
information on age, sex, contact l ens use, re
infections, use of ocular or systemicvmedesat
eye drops or petroleum jelly, as well as a hi:

11



Entrance visual acui ty {(LWA/)I ewalso gavsAsRe scsheadr t u stion
participants hatltoomah!| vbsi onrpecoedto the ex
LLT was then measured using the LipiView II C

measurements obtained with the Keratograph 5M

To prepare for evaporimetry, petroleum jelly

airtight seal with the evapori metgur goghgédiesgal
eyes. TER was measured with the participantoés
a duration of 20 seconds, guided by a metrono

RH |l evels, TER was measuagred20agsaeacnondst.h the ey

4. 3. 2i49i2 Drop Instillation

One drop of SwatsanesCompleeddt e nto randomly chos
period of five minutes to allow for absorptio
4:°3 . Ro®BropusuMeass ur ement s

LLT was measured Bdéwnigcea.heFdlilpdwWiiregy ttHi s, t hr
measurements were obtai fedPdusstipn g ERhaevake rtahiteang |
beginning -e°wywe hmaaswmpemepar diuci pgntwhhilchi nked e
for 20 seconds, guided by a metronome. After

was measured again with the eyes closed for 2

4. 3. Ad®it1ional Measurement s

The Waterl oo Evaporimeter is designed to meas.
in sgtudgy demonstrated that the exposed ocul ar

|l i kely that the volume of the goggle chamber

11



A | argewolguwngeg lper ovi des more space for water Vv

the RH gradient inside the chamber by influen
the tear film. This internal vol uwmalcan rwartywrl
the degree of ocul ar protrusion (i .e., the r

guantifying the exact volume of the goggle cl
measurements anéd ntdaavd cbhut a tod mif mal iwdreirati ons.

Similarly, the palpebral aperture size (PAS)

area. A larger exposed area allows for greater
the tear film and the sumrdiowindduanlg aan at. o mBiyc aie a
could contribute to variability in TER can be
These additional measurements enhanced the p

providing a more comprehensive understanding

all owing for more acsubpéet i dDED epstemchiedsso.nn of

The following measurement techniqgues were use
pal pebr al aperture si ze:

Waterl oo EvaporimefThe @Gagygl ei alnamevas seated

with their headhadfriars tosnteadbiadgaiynstThae partici |
modi fi ed AfFdrsavinomdomgX goggl es (Arena Distribut
over their eyes and adjusted the strap to ens:s
small opening at the top of each eyepbethe de
chamber48 Fi goreremehasurwol ume of the gfSgadlien ec hPa nubs
Solution (Bause&a bufLfoemmbed USiAgotoni c saline sc¢

bi ocomp-amaisbidlriatwn i nto a 30 mL BD (Becton, Di c

11



New JersPVastUiSausSynrg glag eiOet t e tip. The det ai

Sensitive Eyes Saline Pl u48 Solution are summa
The initial vol ume of saline in the syringe w
participant remained stil]l as saline was gr a
completely filled. The fi mwals (Y dhlemma ecomaiedi g
milliliter. The difference between the starti

volume within each goggle chamber for that pa

Fi g48 e Top view of the modified swimming goggl
drilled into each eyepiece chamber. These ope
precise measurement lonfagtehercechamhebyv dlheme

11



Tabdi8eSpeci ficati onsSalfi See nEBlius vSo |IEwteiso n

Product

Manuf ac

Type

Key Act
I ngredi

I nacti
Il ngredi

Lipid
Compone

Preseryv

Boric
Magnesium Chl oride,

SensitfSel iEnyeesPl us Sol uti «
Bausch + Lomb, USA

Buf fered isotonic saline
Sodium Chloride (0. 9%)

Aci d, Sodium Bor at e, Pot a

Preservati

None

POLYQUADE ( Pol-ly)guOa.t0e0rIn% u m

PH Approxi mately 7.0
Osmol ar ~300 mOsm/ kg
I ntende Rinsing and storing soft cont at
MeAcChtainoil Mai ntains isotonicity with the ey«
CIi_nic Gentle on sensitive eyes; helps
Effica
PAS The anterior segment of the eye was photo
(Canon, Tokyo, Japanl)ampo umiteerdi corno sac opei. s sl malgiet
captured at 51 magnification, wiyt ha a@arndn oMad
Twin Lite flash to enhance visibility. To est
beneath each eye during image acquisition. The
(Version 1.52k, HesatlitdhnalUSIAn)s. t iTthuet ePsoloyfgon t ool

11



boundaries of the upper and | ower eyelids, alll

surface area. The enclosed region between the

as a measure of the visiblfe tohceu-blammaegbeuwd é laicee a

process used for PAS md@surement is shown in

b

s

=

“

>

0

o

3
Fi g#4TRepresentative I maged analysis of PAS me
area was delineated manually wusing the Polygo
NI H, USA), with vertices placed alatnigon hreu luerg
was included in the field of view to enable p

in square cénmamget ereatem| by the auth

4. 3. Zomp2etion Procedures
Exit visual acuity waeovieastsgdMa®dIdcharnhgtopheoBEé
effects had occurred during testing. Particig

received remuneration for their participation

11



The foll owi A48 tsaubnminear (i Tsaebsl et h e esxtpreucitmernetda | s epgr uoe

conducted throughout the study.

Tabd9e Summary of the experi ment al proce
Baseline Collection of demographic data, ocular, and medical history
Measurements Entrance VA with BaileyLovie LogMAR chart

LLT with LipiView Il
NITBUT with Keratograph 5M
TER with Waterloo Evaporimeter

Lipid Drop Instillation of one drop of Systane Compl&ténto one eye
Instillation

Wait period of 5 minutes

Post Drop LLT with LipiView I
Measurements
(@ 5 minutes) NITBUT with Keratograph 5M

TER with Waterloo Evaporimeter

Additional Waterloo Evaporimeter Goggle Volume
Measurements

PAS with a Canon EOS 60D digital camera

Exit VA with Bailey-Lovie LogMAR chart

4:°3 . Ruebtiiisitsiscal Anal ysi s

Al | statistical analyses were conducted wusing
data normality, the distribution of LLT, NI TE
instillation was eWiallki atteesdt .u sMiaredg atdhl de s htnahpaid r och &

anal yzed-pasamgtnon met hods.

11



Comparative analyses were conducted-ama -@xa&mi n
instill atiomorbaé ©Wosttsbwmbinon, LLT was analy
Rank test. I n contrast, NI TBUT dndt TERutwviadme
analyzed -ssamptyeptas r ed

To explgoroeupsudb fferences, participants were cC;
based on the median baseline LLT value, as wel
ambient humidity. Differencesnpetweementheseong
normally distribWhetdnegr Ua-bbsemabFypyMdnenri but e
Pearson correlation analyses were conducted t
LLT, NI TBUT, and TER following |ipid drop 1ins
performed to assess the i nf ltueenmpceer actfu reen)v iarnodn na

factors (PAS and VI G) on TER measurements.

Finally, the Intraclass Correlation Coefficie
reliability of TER measurements obtained with
was considered indicative of excellent reliab

4 . 3Re3sul t s

4133 . Barltoir coinpramits ocnDiermoeigenia pohdiness  and Environment al

An initial sample size calculation for Phase |
adequate statistical power. Recruitment was pl
enrolling 25 participaat stmhenier i omsamalaysion P
short to fuil hgticlalpatuiren polsanges. At t hat poir
protocol was revimsedit e apolpledwde @an@O0t he adec
measurements wudiamg ctaimer BherAmOau result, the cu

11



phase of the study, and the reduceldabdzhpl e s
presents thehareamotgemipht iccs of t he participan

conditions under which the measurements wer e

Tabdtldd Participant demographics and envi

Characteristic Mean N SD or n
Age (years) 35.33 N 8.

Sex 17 Mal e, 8 Feme
Eye Measured (OL 14 OS, 11 OD (ranc
Room Temperature 22.5 N 0.

Ambient RH ( %) 48.5 N 12.2

4 ;33 . T3era2r FialiemicChrar cadciteelrpil stnilcnisaniBef ore and After

The pniemaryi |l m characteristics evaluated in t
parameters were measured at baseline J)abnedf or e
repeated foll owing admidrissutnmnaatriiozne so ft haen deeysec rd
for LLT, NITBUT, and TER measurements, illustr
suppl ement ati on. NI TBUT was recorded as both

of t hree measurements.

11



4

The

n

pid

Tabdledh Tear
Parameter
LLT ( nm)
NI TBUT (sec

First Measur
Average

TER (g/ m]/ h

nor mal i ty

eye drop

t hél2Tabl e

T a b4tle2

Par amet er

LLT ( nm)

NI TBUT

(sec

First Measur

Me a s |

Average

TER (g/ m}]/ h

Measu

of

Nor mal

3. NBor3malbaivsts y 7oA nanlCyisiies

film characteristics before ai
Before Drop ( After Drop (
57.5 N 15 85.9 N 18
16.61 N 6 13.94 N 6
18.32 N 5 17.2 N 5
0.086N 0. 011N 6.0
of Tear Film Character.i
distributions for LLT, NI TBU
nstil | atWiolnk tweasst .a sTshees sreeds uul sti ¢
ity analysis of-Witlhkhrt és$std)m. cha
Condi ti ShapWirlok W p-valu
Before 084 0. 00c¢
After D 0.76 <0.00
Before 0.69 0.22¢
After D 0.93 0. 11¢
Before 0.914 0. 06:
Af ter D 0. 96 0. 49:
Before 0.78 0. 00:
After D 0.29 0. 22¢

11



Foll owing normality analysis, appropriate inf
di fferences in tear film characteasesdi egebeéefo
Duto tmermmrd di st r i bpuatriaomme torfi c. L\AR & malo xtwens tSi wa e d
Il n contrast, NI TBUT and TER were normal-ly dis
s amptl ees tt s .

4: 3. Qoampas athisive ToAnmanl yisdos of Tear Fipll mopChar ac

hnisitoir 11 at i on

A comparative analysis of LLT, NI TBUT and TE

statistical anal ysesvalmes udisagptlEsentsectiimtTe

Tabdtle8 Summary table of inferential St
p-
Par ame Statisti Bef ore After | Test St
vall
Wil coxon Medi an: Medi an;
LLT (n Z = 0.<0.C
Rank (1 QR58% (1 QR10O

NI TBUT

First Pai-sanmpl

16.6 N 13.9 N t (24) 0.0
Measur ¢ t-t est
Avera¢ Pai-sandpl N N

18. 3 N 17.2 Nt (24) 0.0
Me asur ¢ t-t est
TER Pai-s @anhp | _ ~

0. 086N o1 6. (t (224.)5 0.0
(g/ m)/ tt est

NotleLT values are reportedraml madisamnm i(bluQR)o nd u e

and TER values are presented as mean N SD. St
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4. 3.31Ld.1

A Wil coxeRmnE&i gresd revealed a statistically si
instillation (median before drop = 54 nm, me
confirming the effectivenessheofl ilpiipdi d asyveprp!| €lrh

visually repré¢¥enwkdch ndiFsmgluays LLT valwues b

instill ation.
100 ¢
a0 +
¢
80
E 70
£
5
60
50
40
4
30
Before Instillation After Instillation

Fi ga4® Boxplot representation of KWINEFE.ABf or e &

statistically significant increase in-LLT was

Rank test, p < 0.001). LLT values are-present

nor mal diThter mewdt @aomnl i ne for the After I nstil

edge ofdutehet oboax cei ling effect at 100 nm, the
I device.
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4. 3. NI ABUT

Pai-s achptl eestts were conducted for both the first
of NI TBUT, before and after |ipid eye drop in:
The First NITBUT Measurement significantly de
16.6 N 6.09 s, after drop: 13.9 N 6.4 s; t (2
4-11, which showed the change in NITBUT First
instillation.

The Average NITBUT Measurement slightly decre

was not statistically significant (18.3 N 5.2
20
o
a
@ 15
£
L
3
©
(]
=3
49-10
=
}_
2
m
=
Z 5
0
Before Instillation After Instillation
Fi g4l Bar graph illustrating the change i n m
and after | i p(ind=.2Zd3rpotpa tiinssttiiddlaltyi osni glRi wasant d

observedoptterlr | attieen ,( pai=r &€d 0t0 8) .
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4. 3. FER. 3

Pai-s achptl estts revealed a statistically signifi
instill at 6g/nm](/0hr0 8b &\flr.@Y /re|r/shurs aO0Rtl&RB;, P E240) 0
indicating that | ipid supplementation affect ec
is illustr&aedwhinc hFideupiect s the <change iin TE
instillation.

0.175¢

0.150

0.125¢

E0100

E .

2

o« 0.075

L

|_

0.050

0.025

0.000 Before Instillation After Instillation
Fi gar2B8Bar graph illustratiTikEdqg beéoclkamagd ant me
i nsti(lnn=aA3i®tnat i stically significainnstiinlclrataisoen

(paitregdt t p = 0.019).
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4::3.Gosrbrie hnaltar oo mar IAN auloyesicsoncosf  Tear Film Paramet e

To explore potentiLda/NIrTeBlUaTHiE@P A r s®snbeobweeh at i

was conducted on the observed changes in thes
resul ts ar elTashdbemari zed i n
Tabdlel Correlation analysis of changes in

Variables Compare Correlationr) (pval

LLT ChaMIg®eBUT First C 0 1
LLT ChzaMigeBUT AG/hear naggee 0 .40 0. 8E
LLT ChzamBR Change 0. 18 0. 3¢&
NI TBUT Fi rzsNI TCBhlATh glev er a ¢ 0.914 <0.0
NI TBUT Fi rzsTtE RC hGihnagneg e 0.28 0. 17
NI TBUT Averagd&RCICangeg 0.3 0. 114
The correlation andliyngdiisngrseveal ed sever al key

m No significant correlation was found between
mA strong correlation was observed between N
0.940, p < 0.001).

m Weak to moderate correlationsciwangewgobundobet

statistically significant.

m Changes in NITBUT First and TER (r = 0.28, i
0.30, p = 0.145) suggest a potenti al rel at
evaporation, but the | ack of st aptairsttiicciapla nstisg

12



To il lustrate

t h eld3ep rfeisredhit rsg sa,

ptahier whk isggursec at t e

visually representing the correlation relatio

[=)]
o

B
o

LLT Change

N
o

10

w

-10

NITBUT First Change

=15
10

NITBUT Average Change

-10
0.2

0.1

TER Change

0.0

-0.1
0 20 40 60 =10

0 10 =10 -5 0 5

LLT Change NITBUT First Change NITBUT Average Change

Fi ga4r3 air wi se
LLT, first and

scatter plots wi
average NI TBUT,

correl at i one vceoael fefdi cnioe nsttsat i st i

and TER changes. Only the relationshi

significant

(r = 0.94, p <

12
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\

0.0 0.1 0.2

TER Change
th regression |
and TER foll ow
cally si ni fica
p bet we

g
0.001). Shaded



4::3.8Bn/&l yisciliscro 1S he, oEff ect of PAS and VIG on T

Previous research has reported that TER is 1in
factors. Two potenti al anatomical contributor:
PAS: The exposed ocul ar surfacexmosead atfd e sp ¢
A larger PAS may result in higher ERs, while a
moi sture | oss.

VI G: The internal vol ume of the evapori meter
conditions inside the chamber, which could th
To assess the potenti al influence of PAS anc
instillation, Pearson correlation analyses we

where TER change was definaedtad |tatt @ 0thi fafnat @0 0 €

values. The resul4ls are presented in Tabl e

Tabdles Correlation analysis between PAS, VI G,

i nstil ligtr-ienet TERati on TER) .

Vari abl e Corr el atTiERn Cvhiatnhg P Val ue
PAS 0.a@s 0.4714
VI G 0. 021 0.921

Findings from the correlation analysis reveal
with TER change (r = 0.150), suggesting that a
increase TER. I n cont-zasd gd Wik Gode wo n $§0t. MO&BRle)d, h a r
indicating that the goggle volume inside the
measurements. ( TER change r eafnedr-smréeni It lhat idam f\e

Overall, dbheggestr etshudatt sPAS may play a minor ro

12



does not appear to i mpact tear evaporation. T

VI G, and T®HERp,r eBieqiurse scatter plots with regres

PAS vs. TER Change VIG vs. TER Change
0.20F 0.20
0.15F 0.15
E 0.10 .NE 0.10f
= =
CD Q
o o
(o) (@]
& &
" .00} " 000
—0.05} —-0.05}
ltD 1j5 2;0 2;5 3;0 3?5 4:0 1I0 ll2 1.4 lI6 1‘8 26
Palpebral Aperture Size (PAS) (cm?) Goggle Volume (VIG) (mL)
Fig#a4k48scatter plots with regression |ines 11 1luwu
and PAS and VIG (n = 23). Pearson correlatio
bet ween PAS and.TNBR)ghamge n(or meani ngf ul corre
chang®.0R15F. Shaded regions represent 95% con
E

statistical ([TERIi gh-emngeakltigpo-iebat TERati on TER

4133 . 18ntTra erlelaisns oo /Coonr (i €)Taotriv OTNE/RC oVeafl fi idd it e/n t

To evaluate the reliability of the evaporimeter in measuring TER, an ICC analysis was conducted.
ICC is used to assess the consistency of repeated measurements and determine how much of the
variation in the data is due to true differences between subgrsiss measurement error. In this

study, TER values obtained before and after lipid drop instillation were treated as repeated
measures. Although the physiological state differed slightly between the two time points, the same
device, conditions, and measuarent protocol were used, making ICC a suitable method for

assessing the tool b6s stability.

12



The strength of ICC lies in its ability to show whether the device consistently captures differences
between individuals across sessions. It provides more than just a comparison of means; it indicates
whether the instrument ranks or measures participamtsdliable and repeatable way. A tway

random effects model with absolute agreement (ICC (2,1)) was used, following the guidance of
Koo and Lf* The resulting ICC value of (8reflects excellent reliability, supporting the
conclusion that the evaporimeter can consistently measure TER across conditions and is a
dependable tool for studying tear film evaporatiédihough the ICC suggests good consistency,

it should not be interpreted as a strict repeatability analysis, as thiegtikttion state introduced
significant physiological changes. The result therefore reflects reliability under similar, but not

idenical, conditions.

4 133 . Bn/a8l y isiicisie LolfiniBracsiellai ime Palukers | nfl uence on Tear
The |l ipid | ayer of the tear film plays a cruc
tear film stability. |l ndi vidual s with thinnei
potentially Il eading to moraer agnedreirfsi cfaonltl oovh aarg
instillation. Conversely, individuals with th
films that are |l ess affected by I ipid supplem
To assess the potential i mpact of baseline LLT

into two groups:
T Low LLT Kamtwipci pants whose baseline LLT was

T High LLTP&roboupipants whose baseline LLT was

val ue.
This classification allowed the investigation
|l evels responded differently to I|ipid drop i

12



change. The median LLT valwue before Ilipid dro
threshold was used to categorize participants
bel ow 53. 0 nm were assigned hoséhwi LbwvalLie&Gr
greater than 53.0 nm wer e asTshieg ndeidf fteor etnhcee Hing |
occurred because sever al participants had bas
nm), resultingninhéhdighibcTugnowmp and thus s
Tabdles summari zes the classification of partic

their baseline LLT

Tabdles LLT Group distribution based on ba:
LLT Gr¢ LLT Threshc¢c Number of Par LLT Range
Low LL < 53.0 n 11 33:%01. 0

Hi gh L O 53.0 n 14 54:1000. 0

The descriptive sfatisétLTcshaMgdsanMBahmQR SD f
changes) for the Low LLT and HidR. LOhegreospsat
provide a comparison of how tear film par amet
i n each Lhiel meaodiugppn and | QR ar e rneopamatle difsdarr ilbl
whil e mean and SD values are reported for NIT

di str.i buti on
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Tabdtler Descriptive statistics of tear film peé
groups.

NI TBUT F NI TBUT Av TER Che

LLT
LLT Ch@mmke Ch a n(gsee c Ch a n(gsee c (g/ mj]/
Groug . . ‘
( Mean N (Mean N ( Mea&D)
Me d i4abn : N N N
Low L -1 6R 79 . 0.44 N 0. 03 N

(I QR:57409 . 5)

Medi an: 22
Hi gh 338 8.1 -1.73 N 0. 038N
(1 QRi4 17.. 05

To determine whether LLT, NI TBUT, ainrds tTIiEIRI astiiga
a Wilcoxomankigeetd was condonct madl foirstLLiThduieoh
tests were used for NITBUT and TER. These anal

and High LLT groupls§ as shown in Table 4
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TabdlleBWi | coxomaskgnledT)tasd @EHEI TBATt TER) comp

film parameters before and after | ipid drop
Par amet er StatisticTest St p-val ue
Low L Wilcoxon zZ = 0. 0.001
Rank
LLT (nm) Wi |l coxon
Hi gh | Ran k Z = 0. 0.001
NI TBUT (sec)
Low L Pai-senmptles t1) -G.17 0.496
First Mea
Hi gh | Pai-sencptlees t1p -2. 3 0035
Low L Pai-senmptltes t1) 0= 3 0.718
Aver age Me
Hi gh | Pai-senptles t13 -E. 4 0.167
Low L Pai-sencpttes t1) 0= 6 0.530
TER (g/ mj
Hi gh | Pai-senptles t13 1= 5 0.157

As shown n the gr aphandkbotvees,t Wielscuolxtosn rseivgenael de

increased after | ipid drop instillation in bo

group (p 0.001). A signifiemntwaecokrasrv écdt d

Hi gh LLT grtoagpt ,(pmixed. @35) , but no significa

group. No significant changes were observed
foll owing |lipid drop instillation.
To explore potenti al relationships between LL

grocowp,rel ation analyses were performed separ at

These correlations-l5are presented in Figure 4

13



Low LLT Group High LLT Group

LLT_change LLT_change

NITBUT first_change -

NITBUT.first_change

NITBUT_avg_change NITBUT_avg_change -

o

TER_change - TER_change -

w
&
g
o

£
]

e

]

E

LLT_change *
NITBUT first_change -
NITBUT_avg_change -
TER_chang:
LLT_change -
NITBUT first_change +
NITBUT_avg_change -

Fi ga4r5%orrel ation heatmaps for Low LLT (Il eft,
groups, illustrating righad)i omshiLps HMOIBYTcha
Average, and TER following I|ipid eye drop 1in

observed only between NITBUT First and NI TBL
i nvolving LLT and TER were weak and not

The correlation analysis revealed distinct pa
Low LLT group, LLT changes showed strong and
First ChangeO.(Bdp,eap man0.r0GE9) ared (MNlpleRt®Tn&v,err a=g
p = 0.018), suggesting that increased LLT wa
participants with initially thinner |ipid | ay:
nosi gnificant coffr elhamigerss amalt weoderhm INI TBUT Fir
= 0.422) and NI TBUT Aver gep Chah.gzx9 §)S,p eiamr dnama
association between LLT increases and tear st
|l ayer s.

TER changes showed weak correlations with LLT
groups, none reaching statistical significanc

consistently observed between NWIBWRITnFbosh &ah
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LLT group (Beap sonOr0G1)0.®&#nd the Higphp kELD.®Od!

reinforcing the reliability of these two meas
4 ::3.8n/&l yisiilsuenodfon IRH b mifibemrence on Tear Film Par a
Environment al factor s, particul aralnyd PH,ermlldy t
film stability. Previous research has demonst

TER, exacerbating symptoms arfayEDE.du@ocen VvieErRs alnyd,

tear film stability.
To assess the potenti al i mpact of RH on LLT,
into two groups based on their ambient RH | ev

9 Low RH @®@aacupcci pants whose ambient RH was b

T Hi gh RH Farotuipci pants whose ambient RH was

val ue.
This classification allowed the investigation
l'ipid drop instillation, and whether tear fi
environment al RH conditions.
The medbafmorReH | i pid drop i nd2l| laadi ami wawv ad ale

as the threshold for categorizing participant
bel od%5®%ere assigned to the Low RH Group (n =
equal to or above this threshold were assigne
Tabdled summari zes the classification of partic

the median ambient RH measured prior to |ipid
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Tabdld RH group distribution based on baselin
RH Gro RH Thresho Number of Part RH Range
Low RI < B2%. 12 2 17-5 D2

Hi gh | O 82%. 13 532-63. 3

The descriptive statistics (Median N | QR for
changes) for the Low RH and Hi g20. RIHh egsreo usptsatal
provide a comparison of how tear film par amet
under different baseline RH conditions.- Medi a
normal distribution,r ewphoirltee dnefaonr RN ISIDB WTa launeds TaE

showed dnortmalbuti on.

Tabdd2ed) Descriptive statistics of tear film par
NI TBUT FENI TBUT A" TER Cha
RH
LLT Ch@mmke Chan(gsee c Ch an(gsee c (g/ mj]/
Grou

(Mean N (Mean N (Mean K

Medi an: 30 N N N

Low | -29N 6. 2 -2. 0620 N 0.02 N
(1 QR: 1416.. 520
Medi an: 24

Hi gh 118 4.7 0.42. K3 0.04 N
(1 QR:i42800

To determine whether LLT, NITBUT, and TER si gl
a Wilcoxoanlkigesed was conduchedmdlordiLdflr i(WMwtei
pai fteecstts were used for NITBUTfamdmeTER.epBhad e |

the Low RH and High RH-2roups, as shown in Ta
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Tabdl2elWi | coxomaskgnedT)t asd @EHEI TBATt TER) comp

film parameters before and after |lipid drop
Par amet er Statistic Test St pval
LowrH Wi | ¢coxomRadil Z = 0. 0.0®
LLT ( nm)
Hi &R Wi | c ox o fRaSil Z = 0. 0.22
NI TBUT (sec)
LowH Pai-semptleest t1) -E. 6¢ 0. 13
Fi Measur e
Hi &RiH Pai-senmhptlest t1® -E. 37 0. 1¢
LowrH Pai-sanmhptlest t 1Y 2E. 37 0. 1¢
Aver age Me
Hi RH Pai-samptleest t 2 D=15 0620
LowrH Pai-sanmhptlest t 1Y D3l 0765
TER g/ m] /
Hi &RiH Pai-sanmhptlest t 2 1186 0088

Wil coxomaskgnedts indicated that LLT signific
in both the Low PRHirgde odipgli pRHE @r.0 Oo Wev er ,0 . poa0i
tests revealed no significant changes in NITB
either RH group. These results suggest t hat

regar dl es KRHofdu &mbniocetntsi gni ficantly affect tea
wi t hin -ttéhrem schbosregr vati on wi ndow.

To explore relationships among LLT, NI TBUT,

correlation analyses were conducted separatel

presentedl6in Figure 4
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Low RH Group High RH Group

LLT_change LLT_change

NITBUT_first_change = NITBUT_first_change -

NITBUT avg_change - NITBUT _avg_change -

TER_change-  -0.03

o
H

TER_change - 0.5

ge -
ge 8

NITBUT _first_chan
NITBUT avg_chang

"_change -
_change -

o
-3
3
5

8
<
e
]
E

uT
TER_change
LT
NITBUT first_change =

NITBUT_avg_chan

RH (1l eft, n

Fi ga4r6€orrel ation heat maps f
L&LET and ave

or
il lTustrating rethangeshNpSBUETM [
change following Iipid drop i tillation, L
par ameters wegieg mwiefaikc amtd inmonbot groups. Stro
were obsereed dhITBUBeEFEWrst and Average change
RH gr.oups

Low
oh©
ns
h

The correlation anaisyging friecvaena |l edrwedlkata md sn dl
both NITBUT First and Aver-8adgdandRhO0an2g3e,s riens pbeoctthi
and High RH group9 (rrespelc.tOib5vedmnyd .r S md.l&arl vy,
and -sniognni fi cant correlations wit h0 5ERHicghha nRyHe: i
=-0.03). These results suggest | imited associ a:
film stability amrdlevagpoofatRlnc ormmdiet,i ogres.

Strong and significant positive correlations
NI TBUT Average changes in both the Low RH (r
highlighting the <consistency bet weddmnwehese t
correlations involving TER with NITBUT First

significant in both RH groups.
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4 . 3Di4s cussi on

This study eval uaéabtaesde dt heey ei ndpraocpt ionfs tf)il poiad t em r (

film dynamics, specifically focusing on LLT, |
The findings demonstrated that l i pid eye dro
indicating an enhancement of the |lipid | ayer.
tear film stability, tdnisf isdardty idmmr omvod md ntng s
(as measuBWW) bgr Nlel[ductions in evaporation r a
previous research suggesting |lipid suppl ement
findings indicate that i mproved LLT abbee ma
i mprovements in stability or reduced evaporat.
study

|l nterestingly, despite the nsitgnilfaitdamt, itrhper ovi
of NITBUT significantly decreased, while the :

contradictory outcome coul dnbesathnritlkeatred it on

foll owing drop instillation, as transient des
mi ght occur before |lipid’Shegramphasiszaditlhea
of the tear film response i mmediately foll owi

Notabl vy, the study identifidedpa sogmhirfarganto i
Typically, i ncreased LLT should reduce TER b
evapoflatfiSovevegrospbanal ysis revealed that par
LLT exhibited a more pronounced increase in L
with higher baseline LLNoshbivgd betassesubsthi

measures LLT only up to a maexsipneucm adfl yl 0tCh onsne, as

13



to this auappledndti mdeacurately show further incr

t he Wil corxeomk stigsmmtedand reporting medians inst
of this measurement ceiling. Thiwsemsdad by iextlr
values or the deviceds | imitations, providing

grobpspite these differences, both groups exh
that | i pi dnelnay earl oenneh animmacye not be sufficient to
term (5 minutes), potentially due to transie
dynami’e%s*?

Beyond LLT, NI TBUT, and TER, an emerging fact
OST reflects the balance between tear film cc
ocul ar YeWHhiulsdé o@ST was not directly measured
i ncorporate I RT to assess the interplay betwee
that OST has been shown to correl atiedewiat hmoTrER
comprehensi ve understanding of tear film dy

assesi@dmen .

4 . 3Li5mi t ati ons and Future Directions

This study's primary | imintsatildmt waa tmbhas umem
mi nut es after drop i nstillation), whi ch mi g
supplemadhequabel wfdrdted by short destabilisat
instillation. Future reseapchnskeowvlad si hooreyat
changes in tear film dynamics.

Another | imitation involved environmental and
surface area (PAS), which might have influen

13



controll ed and assessed t hese vari abl es, f uf

environment al conditiwowms | d o v #aitddi l& i [oimtaypIr ¢,s e PR
measured outside the goggle, and while the gog
changes in palpebral aperture size once the ¢
An additional | i mi t at6&doenv ipceer,t aw hnisc ht oc atnh eo nLliyp i1
100 nm. This <ceiling effect may have contrik
participants who initially had | ower LLT wval

reached t he deviicmi s. mEeaswr e mesntudi es Sshoul d
suppl ementary methods for LLT measurement to
beyond this threshol d.

The final sample size (n = 25) was al so smal
suggested a target of 54 participants, but r e
showed -mihnautt ea cbbser vati on pédrhiicd |midghto rmotprime «
including the integration of OST measur ement
developed after the Phase | study and applied
sample size reamad nmaya hHave tragdwaned the stati s
di fferences.

The sex distribution of the study sample was

not refl ect the typical sex distribution see
femdf%®3his imbalance may haver elnaftleude ndciefdf etrheen c
film physiology and response to |ipid supplem

aim for a more representative distribution to
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Fu

co

i d

Ad

ch

rther il nvestigation with diverse |ipid for

mpositio

enti fyin

ns or concentration differentially

g optimal ttypeEBodnt s for different

ditionall vy, i ntegrating OST measur ement i nt
aracterization of the thermal stability of

3Cobncl usi on

i's study demonstratebaded deyhe drnoptingtmel It
hances LLT yet paradoxically causes an i mme
pectations. A unique contr i ballty soins,ofr etvheiad i
rticipants with thinner baseline | ipid | aye
owed increased evaporation rates. Another

ct or sRHsuicnhf lause nced m nrneesdp cantsee st,e asrh ofwilng di st

nami cs under di fferent ambi ent conditions.

mpl exi ti
corporat
oviding

aporatiyv

es in the i mmedi ate tear film resp
regne@$B® medshuinfrared ther mography
a more comprehensive and innovative

e dynamics in dry eye management .
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4. @ptimizing Measur ement Par ameter

Researchl R Software
4. 40vler vi ew
The measurement aaf e®Sé&€nthiaal beeaol in ocul ar d
insights into tear film stability, 8% d%9%a7l0 su
Advances in |RDnNft aeritd, 9 dnlaugthido moaassessment of OS
spati al and tempor al anal ysi s o f temperatur

ROIS 18HHaever, a | ack

of standardi zed protoco

' imiting the reproducibility adad?!Clli®hical app
| RT enabl mesi nealBi ve measurement of OST fluctu
factors, such as tear film staB3i Fitthié? ibnltienrkb Iri.
interval (1 Bl), defined as the duration betw
dynamiecause it is diredckrtilwenl icndkeldi ntgo .o&f\ 4bphoe ad
Faster tear evaporation produces a steeper tel
t he -sceonlsdi ti ve corneal nerdekdtthhitstwayg,gehi dher
are associated with shorter I Bls. Conversely,
the rapid early cooling phase and the sl ower

interval aTphpiesa rcso nl coenpetr . i s -1 74, ushirah edo mma rFd sg u
profiles for short and |.additBbealuhdertemeard a
exi st across different ocul ar r egmpersat umiesh tth
the cornea due to differences 3tn88% &%'cafP-2¢7 z at
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m— | 0Ng IBI (15 sec)

=e = Short IBI (5 sec)
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32.50¢1

0 2 4 6 8 10 12 12 16
Time Since Blink (seconds)

Figa4r?® Si mul ated OST cooling profiles foll owi

sec) | BI s.
Despite prior efforts to establish robust oS
regarding opti mal | Bl s, i deal measurement | oc
for relli’&bPlen?*dtahtiass. context, the term HAopti mal
measurement <conditions, such as 1Bl s, anat omi

provide the gramblbowsstreéepeandebectyng clinicall
in ocul ar s umMf @rd¢ees ofleumpieornatluR ecamer as, such as
(FLI'R Systems, Wi l,somvao Vil et h@RmanltSAa ppi ng ca
i mproving preci 389%0ofh%a nRie sreeaprecdhtl dARR sIDivf &t yweamse, (Wi |

OR, WS A, 40) provides enhanced data acquisitio
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time temper@a@fHorweveanal ydeit®er mining the most ef

measurement reMadins a challenge.

This study aimed to optimize OST measur ement

vari abl es, including:

m Temperature meQompcars enlgecttheonrrat e of temper a:
absolute tempelr)at une dehanmeneg t he mo s t prc
appr & c?1?d

m |l nterbl i nlkde mttiefryvianlgg t he opti mal | BI for det
maintaining 38u'57é%¥ comfort.

m Measurement Adwoaexagiimghst emperature variations
regions to determine the3md&8% 1% t2db1°2€” and rep

m Average VS. singl evemdaagurtemgnt whet her mu |

significantly enhance the r eploiianbti laist8fe sosfmeIT

By addressing these methodol ogi cal concerns,
protocols and improve standardizat it®nT4feor bo
findings will enhance the reproducibility of (
ophthal mic evaluations and advancing its wutil

di sotédelPs 248

4 . 4Ma2t eri al s and Met hods

4.4 . Lbly cec tise/ lagmdi/ Et hi cal Approval

This study received ethics clearance through a University of Waterloo Research Ethics Board

(REB #46626. The study adhered to the tenets of the Declaration of Helsinki.
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Seven healthy adllets, p&8r ff ieemiap 23t s medan age: 32.

following a structured eligibility assessment
or older, have no known active oculan @bsease
| east 10 seconds, and be willing to comply w
wearing contact | enses on the day of the visi
pathol ogy, recent ocul atolilndecthenstuoy weoe
participation, al | subjects provided written
the studyds purpose, proceduré&syepotkeaet mat hod e
focus of the study, a small sample size was

supported by guidelineg®% 8" pilot and feasibi
4.4 12nv2trowvme nt at i on

OST measurements were condwatmed au siyrsg etnmh e whh e
an IR camera for FtLH Rr mBaFISC iSmieSshiCn Ig e af hodrl &a) | i cgannmeer r
and tracki38gn ( Blethbdponl ogy chapter). The <came

modi f Headnps Ibiitomi croscope to ensure precise pos

FLIR Researchl R software was used for i mage a
The detailed specifications of all equi pment

sensitivity, and software settings, is report.
4.4 . Bxep3e s 'mecnute a | Procedur e

To minimize external variability, ambi ent con
coll ection. The average ambient temp&r d%ur e \

Measurements were performed under dim room |

OST measurement s.
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Subjects were positioned with their forehead :

was used to maintain gaze stability during th
Subjects followed a structured blinking task,
predetermined | Bl s. The | Bl s tmisntuetde weaset 2p e rd

given between each set to aled enwe rtatee d eaaud iftidrn
used to standardize the blinking intervals acrt

4-2 2

Tabd2e2 Bl inkingppeodoéoicoédwi Bhs and rest perio

Step Task Tot al Dur a
1 Bl ink 6 times ever: 12 sec
2 Rest (blink nor me 2 min
3 Blink 6 times ever: 24 sec
4 Rest (blink nor me 2 min
5 Blink 6 tsemesnéser: 36 sec
6 Rest (blink nor me 2 min
7 Blink 6 times ever: 48 sec
8 Rest (blink nor me 2 min
9 Bl ink 6 times ever) 60 sec

14



4.4 . Q@S HBuMerars wr/eimenitinvoand Data Acqui sition

OST
supe
regi
wer e
t he
corr

Regi

trac

t emp

Medslrement Locations

was recorded from a single pixel at ei gh
rior, temporal, inferior, nasal, and cent
on with a 2 c¢cm diametenr nrnepmreds emretdi mg etahe
al so taken from single pixel 41@8ddtuisamrsatocer
eight ocul ar surface | ocations where OST
espond teomptolreal supenrfieari,ort, nasal, and cen:
on 6 represents a circular central area us
d 8 indicate the nalhhds e ngdp @ einfpioa all o satl ieare
ked throughout the measur ement periods (1

erature changes at each site over ti me.
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Fi g4X¥8& OST measurement | ocations: Superior Co

Cornea (3), Nasal Cornea (4), and Centr al Col

over a defined area of a circle widdala 2c lcer a
(8)f mage created by the author)

4. 4. BtAndardization of Measur ement Locations

To ensure consistent and standardckedr ROV eml:
t empwads eused to align the corneal center at a
the eye. This method ensures that measur ement

by maintaining consistent distamcandnemesir @mema

reducing variability and 1 mproving reproducib
adjusted using visible anatomical | andmar ks t
419 .
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Fi g#4r%® Standardized ROl selection using a cl
pl acement across participants. The corneal [
| ocation by referencing the canthuswefethe e
positioned at fixed di(dmageesrferadtmdt hg ¢ dre

4.4 . R2uuébtiilsitiiscal Analysis

All statistical analyses were conducted using
To compare temperature metrics, ot weRTeC iaand i
analyzed across | BWwa yc ornedp & a toends mesa snwgr esn eANOV.,
assessed us-WnhgkthesShapiro

Analyses were conducted to evaluate the effec
strategies on OST, with RTC u$fed a® mplae i sroinmalt
| Bl s were conducted using thhphard8bPttest datvhset

normality assumptions.

14



To investigate the effect of ocul ar surface |
compare RTC values across corneal cursor | ocal
where normality assuWipltc oxnecn asaekpa@®ds s @ad-eds ah
parametric alternative.

Pearson eomtglasi owms conducted to assess RTC

with heatmaps used forcoiseal @z®epreatndeaetliadn
across different | Bl s.

Measurement reliability was evalwuated using I
|l ocations and averaged cursor combinations. A
the effect of averaging across multiple inter
No-parametric tests, incl-Walilnigs tthees tFsr,i ewlenraen uasne
normality or sphericity assumpti ontsaiweed, va no
significance was determined at an alpha | evel

4 . 4Re3s ul t s

4.4  Bfufle/c/ton cof edqBd on OST Measurement
To investigate the i mpact of | Bl on OST, temp
were used as a representative site. The foll o

-l (absol ute t eimnpadrcautl lartee dc haasn gten)e di f f erence
i mmedi ately after eyeheopenmsitn gne(asstuaretmemdi ntmmea
clogenme point), representing the total decrea
-RTC (rate of témpeécatatedcbgngx)porting tempe

determining the slope of the temperature decr

14



eye opening to the | ast measurement | mmedi at e
rate during each | BI

Tabd2epr eseMeant NeSD @ifatRTG fdred ent | Bls for Cut

Tabd2e83 Mean ®TC fanlkID) at the center of the ¢
2 sec 4 sei 6 sec 8 sec 10 se

Mean RTC
050 0. -0.04 K -0.054K 038 0. -028 0.

(ClS)
Me agl N
-0.326K 028 0. -0.18 0. -038B @. -018 oO.
(C)

Considering the THbbkbBowbedveysRé&@atmind changes
potenti al effects of | Bl on temperature dyn
substantial wvariability, particularly at shor"
The SMWMWapikroormal ity test was cogiddotléedwt@a aDs

di stri budt2igornes elrmtbd et he test results.

Tabd2ed Normality ta&std kreegsht)prf 08h&RFICr and

| Bl Shapiro P value Shapiaglo \ P vallue
2 sec 0.97 0.905 0.76 0.017
4 sec 0 48 0.097 0.96 0.854
6 sec 0.87 0.201 070 0.307
8 sec 0.94 0. 655 0.93 0.557
10 se 0 .49 0.593 0.96 0.824
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Mean RTC was normally dglst oinbuthed oft hrer alhlanidB I
di stributed for |IBdi strRri seceBbpeéentwwade Meastal A

t ewsds performed to assesq@.thbeefkbesattef alk Bl san

4-25.
Tabd2ebRepeat ed AMOIA Ure®RICt ginor
Met r Repeated Measures AN p-val ue
RTC 12.88 < 0.001
oor 1.10 0.378

Since p < 0.05, the effect .dlowkeBEeront RTE pats
be interpreted widihf fcarudn oes itmheRTa(® patr esshort e
from the cooling profile itself. Most of the
blink, followed by a plateau phase. At short |
decline, while at | onger I Bls, the average in
which | owers the ghemaemaianed ftal abnvelagtstabl e

absolute temperatur e chirhegleatdeode sd infofte rreenfcleesc.t T

not mechanistically dictate RTC,; rat her, t he
surface cooling. For this reason, RTC was st
provides ac nmoegpper ayemtmati on odl. t he cooling proc

To assess whether RTC values signi-iocaamnaly i
was used to determine which I Bls signihfdcant |
tests, HSD test was selectedti VThlg testrwhs TY

all owing multiple pairwise comparisons witho

15



ShapWirldk test confirmed that RTC was mostly
appropriate for this parametrid6dataset. The
Tabd2e6Tuk ey 6se HBIDt s f or RTC

| Bl 1 I Bl 2 Mean di p-a dj |l ower uppe

2 4 0.11 0.00014 0.014 0. 17

2 6 010 0.0015 0.03 0.16¢6

2 8 0.21 0.0001 0.05 0. 18

2 10 0.13 < 0.00 0.70 020

4 6 -0.01 0.9861 -0 .80 0. 05

4 8 0.01 0.9856 -0. 05 0 .80

4 10 0.02 0.8343 -0. 014 0.90

6 8 0. 02 0.8451 -0. 014 0 .90

6 10 0 .40 0.541 -0. 03 010

8 10 0.01 0.9836 -0. 05 0 .80
The findings indi cate that RTC i ncreased sic
comparing short IBls (2 sec) with longer |IBIs

the rate of

Fi g#420el | ustr ates

change

t

nemaiSMs sda@adn |li aregerasb @ fher e

h e

15
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0.00

-0.05 e

o
1]
A
@]
L —-0.10}
[m)]
0
+
£
-0.15F
—0.20 —e— Mean RTC
Standard Deviation

2 sec 4 sec 6 sec 8 sec 10 sec
Interblink Interval (sec)

Fi g#420RTC across interblink intfearvall®sc tni o=n 75

(Central Cornea). Significant differences we
measures ANOVA), with 2 sec showing the steep
di ffered significantly from all |l on

The correlation analysis shows a str0Bbfig pnegat
0.001), Il ndicating that as | Bl i ncreases, RT (
temperature change on the ocul ar surface bec
stabilizes over time. Thids2l, r eMha tciho rpsrheispe nitss uih

bet ween | Bl and RTC at the centr al corneal | o
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0.00 -

—-0.05¢}

—-0.10}

RTC

-0.15¢}

-0.20}

—-0.25¢}

2 4 6 8 10
IBl in seconds

OfF-me e e b e

Figa#4azlscatter plot of oRTCoesati bBI .5(A Ceingryiafli cCe
negative correl aiDiddnpwasO0OobB8e&yyvedndrcasti ng
associated with sl ower cooling. Shaded

To further i1l lustrate hFoiwg uaBell Wi unsftlruaetnenose stCh&ES Tr e
changes for different I Bls (2, 4, 6, f&,r aomdk 1
indivi #@#aah | ine represents actual temperature
showing how OST <changes dynami Tlad | yaroivatr i oenas
oscillations within thepeéxeéel amesasmagmentsuhoi

movements, or ahasngedsuitn otne arc cfuirlrmng over the

15



32.7¢ IBI (s)
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Fi g422 Examples of OST temperature traces at
4.4 . Bf.feccit/or ‘orfuce Ocouch a ST Siwnofrasce Location on OST |
To determine whether OST changes varied acros

were compared across all ei gBD wWwmalases efmemt alsl

each | BI and ocul ar surf &2z | ocation are show
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Tabd2er Mean N SD of RTC across different | BI s

Corneal Locations Scl er al |

| BI 1 2 3 4 5 6 7 8
5 0.18 -0.2C-0.1€¢ 0.1€ 05 -0.17 -098 -0.0°
0.12 0.1: 010 0.1( 0.0 090 O0.0! 060

4 048 068 01N -0.0<4-0.0¢< -058 -058 -0.38
0 .30 030 090 040 O0.0. 0.0:! O.0( 0440
6 0.03 0.0€ -0.04£-0.02-0.08-050 -0.0z2-0.0¢:
0 .30 0.0! 0.0. 040 040 O0.0: 0.20 O0.0:

8 0.082 038 028 038 038 -038 -0.0: -0.208
0.01 0.0, 0.0, 010 O0.0. O0.0: 0.0 020

10 0.01 -0.01 0148 018 028 -0.01-0.0:z -0.1080
0.01 0.0, 0.0, 040 O0.0. 0.0 030 010

To assess whether the distribution of RTC valu

Wil k test was conducted at ®®gch wiamnd&kdIC vail se

across all 1 Bls for ea4Xth8 pmamneda cafpatnite CcAwlsr ssdiro w
significant deviations from normality (p > 0.
met .
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Tabd2e8 Sh-wWpi konormality test results for RTC

Cursor W-statisti p-val ue
Cursor 1 0.90 0.3585
Cursor 2 0 58 0.1130
Cursor 3 0. 84 0.1087
Cursor 4 0.39 0.5083
Cursor 5 0.94 0.6619
Cursor 6 0 .68 0.1391

Given that the normality messmpesoANOY¥E was ip
to evaluate whether RTC significantly differec
revealed no statistically significant effect

suggesting thate tacmpersattihree ocltudmr surface was

of measur ement site. Howevesri,gniitticantal sesplt
relatively | arge variability observedeaercoss
subtle regional differences in RTC.

While no significant RTC differences were ob
di fference was detected between the scleral S

assess this di-Wiflek eheest a o rSfhiarpree dwetrteatn oRT Cn o\
di stributed in either region (p W |I0.ox0Ih) .si@inv

rankwdssusedparsanaetnroinc alternative to compare

15



res W=t0.s®O( p0l¥ Od.ndi cated a significant differer
are greater in corneal l ocations than42§n scl el
which compares the measclR@ICalbelt weanhi cmos,nelil gl

temperature change observed across the cornea

0.0 B I ]
| |
9
S 0.1 I
-
@]
g
-0
‘@' -0.2
[}
g &
Q
F 03
o L
g
o
o —0.4r¢ !
- '
-0.5
¢
¢
Corneal Scleral

Region

Fi g#423RTC di stribution for corneal vs. sclera
significantly greater i n Wolraoexadn dok\Waedhs cC
00O p 1%.0.Blbxes show median and | QR

The relationship between corneal l ocations in
correlation i@amanhgdCtfeoentl | Bl €24, As hsehownr &lInz

bet ween different corneal sites was not const &

15



observed atThB8lolbssrcohdpeak IRBB€CechnbBalrpniehtl e

a transient physiological state, during which
evaporation rate across the corneal surface.
evaporation i mmedawtedysafurevdhitnkamgfil m thi
variability. Conversely, at | onger intervals

creatimagl rdrgy ospots or uneven dempred atorer cdla
represent an opti mal physiol ogical bal ance p

synchronized temperature dynamics across corn

—&— Corneal RTC Correlation

0.85

0.80

T

0.75¢

0.70

Mean RTC Correlation (Corneal)

0.65

1 1 | Il | 1 Il | 1

2 3 4 5 6 7 8 9 10
Interblink Interval (IBI) in Seconds

Fi g&42242 Mean RTC correlatabdonoas(omgs oid)en th8Igh e s
correl atl Bsihugagte sét esdlecsynchroni zed temperatur e
correlation at | onger I Bls indicates in
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Now that the pattern of RTC synchrony a&mong cC ¢
24, this relationship can be visualized even
presented-2i nFFggueebel ow displays the correl a
| ocations for each I Bl . At | Bl 2 sec and 4 sect
slight variations are present. AtatBltbBesecpe

indicating the@ pnotstterum. fAtr M RRIT 8 sec and 10 s

increased variability in RTC among corneal I o
bet ween cor neali5| oscuapteiramsr ,( Guernmspoorr all , )i ndred i or
scleral Cbosaéemposladr a;n&esxlh)emrae8nain | cwemetalh an

correlations.
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4. :4 . Bf.f3e cituono fs SAveelraangiiensg V'S . Single Measurement
The reliability of RTC measulr@G@nermt isndviawsi dausasl e
|l ocations and var i ollabdResumngarnigz ecso ntbh en alt ¢ © nwa
demonstrating that averaging across multiple
reliability compared to single cursor measure
Tabd2ed | CC values for averaged and singl

Averaging Co I CC Va Reliahb Notabl e Finc

(1, 4) 0 .99 Excell Negrerfect re

(1, 3, 4) 0 .89 Excel l Hi gh stabildi

(1, 6) 0 .89 Excell Negrerfect re

(5, 6) 0.69 Very F Reliabl e pi

(4, 6) 0.59 Very F Reliabl e pi

(2, 6) 0 .49 Very F Rel i abl e pi

(3, 4) 0.92 Very F Consistently

(2, 3) 0.29 Very F Reliabl e pi

(1, 2) 0.19 VerHy gl Opti mal pai

Cursor 5 0 .47 Hi gh Most reliable

Cursor 4 0.73 Hi gh Single | oca

Cursor 6 0.72 Hi gh Single | oca

Cursor 3 0.71 Hi gh Single | oca

Cursor 1 0.67 Moder ¢ Single | oca

Cursor 2 0.65 Moder ¢ Sinlgbeati on

16
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While cursor combinations c¢onspiesrtfeencttl yr ed e naobni s
noteworthy that several single cursor | ocatic
above 0.70. Among these, CQuyr saosr &n yiifedgdveiedd utahle
2&%i sually compares I CC values for both single
t he enhanced stability achieved t hr epwugnt ave
measurements can rsetsillt so.f fTehre ddegosehnedda brleed | i ne
threshold for high reliability, clearly disti
combined cursor strategies.

Loy ——- High Reliability Threshold (ICC = 0.9)

0.8}

50.6-

P

O

T 04}

0.2

0.0

SO RO T T PARPC S S
o 0’?’ O Nl B O o 3 o O-\;g‘ﬂo 0:5 ng’-’ 0§"~‘ O§‘° O‘ff?
Cursor Combinations

Figa4aza CC values for RTC across individual cu
(blue). Al c ombi nraeliioabsi leixtcye etdrerde st theel ch i (gIhCC (
ranged from moderate to high r eldiualdi ll.iotcya.t i ®un

4134 . NBecche s/shivtoys \olfiple Aveenrnangsi n g

The reliabil
Tab4#4FO0Osummar i

measur ement s

Mul tipl e

Measur emen

Ity of RTC measurements across |
zes t he | CC values obtained for
across multiple I Bl sequences.
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Tabd3ldd | CC for RTC measurements

Number of Sequence | CC
1 0 .88
2 090
3 0.91
4 0.19
5 0.89

The results show that averaging RTC measurer
increasing as more sequences are averaged. Th

compared to averaged measur ementhsegn wiaanhbirreiln gt

or three seguences. However, beyond three ave
in I CC was observed, indicating that averagi
addi tional reliabilitytgavesagiThgsatfiadshgsh
sufficient to achieve stable and reliabl e R

sequences. The dashed red2Triepeee@Cs=tBe9hig
threshol d, showing t hat averaging three seq

measur ements.
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0.910¢

0.905

0.900

0.895

ICC Value

0.890

0.885¢}

—e— |CC Value
0.880 —=- High Reliability Threshold (ICC = 0.9)

1 1 | 1 L

1 Sequence 2 Sequences 3 Sequences 4 Sequences 5 Sequences
Number of Sequences Averaged

Fig#42® CC values for RTC based on the number
sequences yiekdeadabihethi ¢h€E€LCt =r L 94D | istuy ptalsr
(dashed | ine).

4 . 4Di4scussi on

This study aimed to optimize OST measur ement
temperature metrics, I BI , measur ement l ocati c
measurements. The findings alimgga mriddtianal eixns
i mproving OST measurement protocols and stand
4.4 RTQoasriadsSupieri or OST Metric

The results demonstrated that the RTC, which
reliable and consistent metoglri)c tWhan ealsoneu tree
found both m&fhedsindiongbl érom this study al i

the superiority of dynami c measurements for

16



urface. The coolingaraieudfart lyetdbeult @ampeunnraft ada

et weeni hlalsi nbkesesn shown to offer greater 1 nsig

assessing tear film stabebhsey, dndgrmositnghgac

i fferent 3Qotr nisaso ff uDBOh.er b e epno idnetmonmesatsruarteentde nt ths

when analyzed dynamically, correlated effectdi

NI TBUT, in con4*&ol |l bensveakepnpretbhese findings u

evaluating dynamic OST changes rather than re

4044 . 1And2l uernoe @57 odisurdmBal on OST Measurements

The analysis revealed that | onger | Bl o6s | ead t
variability -absegVeddat ntleevals. However, pr a
participantos ability t o, maifrnteani nrmatkhee ilro nggeze |
particularly in an individual with DED. Previ
l onger |1 Bls without afX°ActhoggmelhsngemehBl s ei
| ower temperature variability due to the grad
reduced variability alone does not necessaril

c

d

Bl's may dennsiintiisvhi ttyher esqui red to detect subtl e
ear f i ITrh es tcalrirleintty .st-sselggonadl einBli faedan heptti mal
ompr omi s e bet ween measur ement , wloinlsessefrevni cnyg &

iagnostic sensitivity by capturing more i mme

before temper atTlriess ffiundiyngstalbiignsewi th recon

while |l onger I Bls improve measurement 3% abil i

A

-fecond | Bl has al so been used for simil ar r

16



| BI s mi ni mi ze refl ex tearing, whi ch mi ght o]

measur &€ent s.
4 14 . Ge/wlsarnr Sunmfracelibwoechati on and OST Vari abil it

The study also explored temperature variation:
high correlations among centr al corneal | o«
measurements from these sitestidAgpi shaesobkht ca

measurements are highly consistent due to the

t hese PhoPcnatciconntsr ast , peripher al regions, such
di stinct temper atur e profil es, reflecting d
environmental factors. It has been dsnprnoesvirdad ¢
valuabl e diagnostic information for conditio

infl ammation o%' 3188.ctd1 P4%ed’"dry eye.
The 1 mportance of peripher al temperature mese

exploring the relationship between OST and p

peripheral bl ood flow significamplycanhfbuoenot
measurements in ocular #a%d systemic health as
4.4 . Me:adshur le'me/m tiincResl dicadbd /i ty. Single vs. Averag
This study assessed the reliability of OST me
cursors and various cursor combinations. The
mul tiple cursor |l ocati ons sigadfitcoansi nwgleenh
measurements. Combining measurements from mul
4) resulted in | ChQevaleeces rapprabachityg (e &8

suggesting that strategdc caveongilmgaticonss i

16



consistency. While single cursors stildl provi
reliable singl &4 | odatoiugm GSHCGhEe!l YW. | ower t har
emphasizing the benefit of averaging.

This supports the finding that averaging of r

consistency of OST readings, making f?taTha pref
high reproducibility of OST measur ements us
demonstrated, reinforcing the importance of ¢

consistent and'Whdd werladioaagrlieean i mgasur ement s r ema
or resource constraints, selecting opti mal o

making it the preferred approach in clinical

4144 . Nlecchbe s/siirtoye \ofiplc AM ervagiiemnsg Mul ti pl e RTC Measur

The anal ysi s showed that whi |l e averaging mu
reliability (with |1 CC88Wvatlt ueisngher mad&®.mge 3nefodmrs (
averaged ones), the difference is smal/l and
reliability. Support for the use of single me

effective tchorsryesitaeggmiocn ocwmair di ovascul ar sicakefac
screenings or rPolhusne whilne cavemagi ng enhanc
measurements are often adequate, especially w

4144 . Tampelionscoadsi ‘ounisidi-firiontund OSTu/ (Sktnandar di zation and (

The findings of this study provide critical i
particularly in refiningasddantdeaardi zieldmpasossedsu
recommendati ons emerge:

m RTC shoul d beqglprfioar iatsiszeesdsionwerocul ar surface

16



m Longer 1H0Blssec()6 provide more stable temperatu

and enhancing reliability.

m Averaging RTC across multiple cursor | ocatio
reliability.

By addressing these methodol ogical aspect s,

measurement s, ulti mately contributing to the
assessing tear film functiorh a&arhduddadulaam 4 wr fva
findings in | arger and more diverse popul ati
conditions, such as DED and gl aucoma. Additi
environmental faghoreg soodi asoRKH,amd IOST r eac
|l ntegrating machine | earning algorithms for a
OST measurement precision and accessibility i

4 . 4Li5mi t ati ons and Future Directions

Despite t hceonstirgbiuftiicoannst of this study in opti
sever al ' i mitations must be acknowl edged.

First, the sample size was relatively smal/l
di agnosed ocul ar surface di sease. Whil e the
measurement standardizati on, a laangeamEDdDwd t mor
gl aucoma, and other, oicul maecessugdraycet di ¢ ohiaecs

i mportant thtices mdtued yt weats desi gned as a protocol

primary aim méasefeéemaunmpp®B8ddecal | vy, identi fyi
i ntearwdalanat omi cal regions for temperature ac:i
study did not involve hypothesis testing or e
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was umater.t aPkreenvi ous | iterature supports the wus
studies when the objective is to assess proc

example, Bid°*AhdgHentékedt mtemphasi ze that smal/]l

acceptabl e in this contexgduybjpeactt i mad saurl g memhtesn
under controlled conditions. Homeample Bt ZzZESofr
participants falls below the threshold recomr

inform future tri aP>8mlgagrensitn g.h awh iltOe hteoa dl1 5e tp aarlt
be more appropriate when aiming to estimate |
intervention effects. Thi s 't mitation shoul d
applicamiyl ndyngte

Second, whil e tthiese&sotnuddyl Bldeast idn eapt i mal bal

f easisboinei tppar ti ci pants may struggle tesewmarat ai

DED or blinkabbeonmbi vei eneasur ement strategi
protocol s, s houelndnh abnec ei nfveeasstiibgi atietdy two t.hout con
Third, while thveraggudhy @uplhasi zeadsor | ocati ol

measur emen,i tr eleimaabinlsi twncl ear whet hemacautneemat

| earmasneggd r egicomu |l de l[faattihemr, | mprove standardi z:
shoul d Addxrpil voerne froert haoudtso mat i ng OST anal ysi s, po
associated with manual region selection.

Finally, while RTC was identified oddsetrheaymamani
temperatur,euplhhasmemakersecovery time (i.e., the

temperature to return to baselinemaytelrsa ofi

17



addi tional di agnostic value. Future investiga

parameters in different ocular conditions to

4 . 4Cobncl usi on

This studiyramewodlesf ar optimi 2impdpha®@FZTi mgasg hre
ostandardi zed i mpdaloivalsi | it vy, reprodOble bilndiyng:
contribute to better @adwlaarc elde & IRITfthft emrcihind oau iepsayt
toward i mproved diagnosis and manageommgtnit malf o
| BI s, reliable measur ement |l otht some,seandh th
groundwor k f or s tnaenndta,r dii mperdo vQSnTg aistsse sisnt egr at i
evaluations. Futurel ehfoatsvahodbatdi édmcuautoama

adaptabifutyher enhance the precision and acc

17



4 .15nvestigating Tear Film Dynamic

l nsti IHAStEi on ) (P

4 . 50vler vi ew

The tear film is critical for maintaining ocul
friction, and protecting the cornea from envi
of the tear film is oftudniagcomprroampugle d rebhirpif
increased ocul"ar surface cooling.

Artificial tears containing |ipids aim to enh
evaporation, but their exact effect on OST ar

further ii°AVé>stigation.
| RT has emergedi msaxa wal matboHh ®d frnrom assessing
film dynamics. Prior research showed OST decr

reflecting tear evaporationat®@sBD¥s pietge otnhail s dd

potential, standardized OST measurement met hooct
to identify optimal techniques and 35c'd} %% sur
Il n Phase | of thid4s8) iinwvtestti gat i bnl mSdgyhamhcs
instillation, thebasnend ddradps ewedretaeax plfod ég, dbL
measurements. The primary focus in the Phase
subjeceafifvects and, while the study provided in

observation per-imgtitlhlaat i5So miwas prosqui red to c
supplemeneari d6nl omnstability. Bupldiodyowashds

with an extended evalwuation -Hasmedramye dopopmpset

17



prolonged protection agai nst tear evaporati
stabilization occurs.

I n the ResearchdR, sa udgfi(rSecct menhodol ogy for
established. That stwudy all owed procedur al el
environment al conditions, standardi zed | BI s,
| mportantllyL RthhtetudRegsreaveal ed that RTC was mor e
insight into tel@r afliolnm,dymnamihes tshugmporting th

in thermographic asses®O@dntamnal Wistils, at heamewor

integrate the Ther mOcul ar I R camera with the
OST and evaluate its correlation with tear fi
A significant aspect of this investigation is

| ocations to determine the most accurate and
point OST measurement, temperasgrenuV ai iphtei orcs
regions, and with different numbers of pi xel

approach helped optimize the use of the Therm

4 . 5Ma2t eri als and Met hods

4.5 . dlj ec tis: lamdi/ Et hi cal Approval

Since this study was a continuation of Phase
submitted anhiapprsaved ody Waterl oo ResElme ch Et
study adhered to the tenets of the Declaratio
Twermtewen healthy adult participants (mean age
enrol |l ed Hanr ttihcei ppanutdsy .wer e el i gible for inclus

known active ocul ar di sease or i nfecti on, and

17



included refraining from contact l ens wear, e
study visit. Participants were also required
schedul ed visit. Exclusionverodelrarma dingdagdedo

hi story of ocular surgery within the past six

that could potentially influence tear film proc
Complete epypetdropsum jelly, as wel | as those
aphaki a, wer eAldl sparex ccli ypdaend .s provided writt
participation in the study.

405 . 12n2trowome nt at i on

The following instruments were usedprfeovri otuhsilsy
described in the methodol ogy chapter and thus
nmn Waterl oo Evaporimeter: TER.

n Keratograph 5M (Oculus, Germany): NITBUT.
nm LipiView 11 (Johnson & Johnson Vision, USA) :
n Ther mOcul ar Camera: OST.

n Systane Compl ete Ey®FImndmn(cAkelnecn,., Canada) :
4.5 . Bxeperid 'menitcal Procedur e
The experimental tasks were conducted in the
4. 5. Ba%eline Measurements

At the beginning of the study vVvisit, demogr aj
coll ected for each participant. This included

current ocul ar surgeri esondhitsitoonrsy, oufs eocoul aacu

17



medi cations or supplement s, and any history o

petroleum jelly.

Vi sual acuity was-Lavsestod MARI thhaatBaiol eyonfir
nor mal o#t mmarmradctvadi on prior to testing. LLT
[ i nterferometer, foll owed by stipreed oc mrde wu

Keratograph 5M.
OST was measured using the Ther mOcul ar camer a

by closing their eyes for 10 seconds and then

6 seconds. This cycle was uieppecddtey] & omet nt 0 me ®:
an auditory cue. Temperature tedswnmreemeaemtrnewér
| ocations, including the central, superior, i

di fferences i n OST.
Prior to evaporimetry measurements, petrol eun
reduce skin evaporation within the goggle an:i

evaporimeter goggles. TER was mpaassr &d i wkth t

seconds for a total of 20 seconds, guided by
baseline humidity, TER was measured a second
Note on Devi ©®ar Magf Prhatsieo nl:| ofi ¢l &ltea semlsloec tii

Waterl oo Evaporimeter stopped transmitting da

sof twar e. Despi t e trri aguodgl gel seh ocootuil ndg neoftf obret sr,e sttho
randomi zed bil ater al measurements. As a resul
were obtai hedydroml w.heWhil e not ideal, this

acqui sition.

17



4.5.2ii2d Drop Instillation

One drop of S$wasanaesCompleedt e nto ond nesye |l (radnd
measurements were conducted ani ntuwae twiamd Paeirnto

second at an -minmwtrevsalafotfert wkerndagyy i nstill ation.

4. 5. PodDrdp Measurements (5 Minutes)

LLT was measured using the LipiView II interf
NI TBUT measurements obtained using the Kerato
OST was then assessed using the Ther mOcul ar ¢
instructed to close their eyes for 10 seconds
directly into the camer a. Tehsi,s glliidrekdi oy awdli &
a metronome to ensure consistency. Tempeéematdur
corneal cursor |l ocations, i ncluding the centr
capture regiioonnaSTdi fferences

TER was measured using the Waterl oo Evapori me
eyes open while participants blinked every 2
metr onome. Foll owing a brief vemtildatitdhre mge®mgig

second TER measurement was performed with the

4. 5. Po®dDrdbp Measurements (20 Minutes)

Al | measurements were repeated 20 minutes aft
measur ed using t he LipiView I1 interferomet
measurements performed with the Keratograph 5
OST was then assessed using the Ther mOcul ar

instructed to close their eyes for 10 seconds

17



toward the camer a. This blinking cycle was re

metronome to ensure timing consistency.- Tempe
defined corneal cursor | ocanfensor, noasdi ng at
regions, to capture regional di fferences in O

TERas measured using the Waterl oo Evapori mete
eyes open while participants blinked every 3
After ventilating the goggl es t arrearsetndr evalsa ¢ e

with the eyes closed for another 20 seconds.
4. 5. Zomph etion Procedures

Exit visual acuity waevieastsgdMé®@dIdcharnhgtoheoBé
effects had occurred during testing. Particif
received remuneration for their participation
The foll owi 431l tabmman(iTads et he structured sequ

conducted throughout the study.

17



Tabd3el Summary of the experi mental

Baseline Collection of demographic data, ocular, and medical history
Measurements - - -
Entrance VA with BaileyLovie LogMAR chart
LLT with LipiView Il
NITBUT with Keratograph 5M
OST with ThermOcular Camera
TER with Waterloo Evaporimeter
Lipid Drop Instillation of one drop of Systane Complete into one eye
Instillation
Wait period of 5 minutes and 20 minutes
Post Drop LLT with LipiView II.
Measurements

(@ 5 Minutes)

NITBUT with Keratograph 5M

OST with ThermOcular Camera

TER with Waterloo Evaporimeter

Post Drop
Measurements
(@ 20 Minutes)

LLT with LipiView I

NITBUT with Keratograph 5M

OST with ThermOcular Camera

TER with Waterloo Evaporimeter

Completion
Procedure

Exit VA with Bailey-Lovie LogMAR chart

17
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4.5 . 2Uuddtiiisitsiscal Anal ysi s

Al statistical anal yses were conducted wusing
were designed to ebakedteyehdrepfeassi of altii pinc
and ocular surface t her modaynnda nsi pcast iaaclr olsosc artuil ot n
To assess the distr iWidtki othesdaf wdhat au s etdh ef oS h aep
measur ement ti me points. Based on the outcom
met hods were selected for subsequent analysis
For variables that foll owed a noomemaaslur eéss ANIOWVA
was empl oyed tsoubeveacltu acthea nwgietshiancr oss ti me ( bas
posthstillation). Where si ghoicf icoanpvai rtetisfognasin fse mwrea
Corr enetrieonper f or medmptlseesntgs ptaa rieddent i fy speci fi
For -nnoornmal |y distribut ¢eRT@md i,aERes Friiredlmadi r g s
as apawroanmetri c al t emenaasturvees fcoompragp esatned Il n ¢
Wi |l coxonr asikgnieedsht sBonf err war e Cos e dhcottioamap o svi s
compari sons.

Pear son corr eMiathi oBondrealrywsrass Coonéduotited to e
relationships among changes bmndin2 8 upfesBUT,

instillation. Correlations were interpreted

relationship and supported by scatter plots w

All stati st itcaill e¢de,stwi tWwherae stiwoni fi cance | evel

17



4. BRe3sul t s
4535 . Barltoir coinpramits cnDermoeigenia pohdiiers and Environment al
I nitially, 31 participants were enrolled in t
criteria, data from 27 partici paBtdsr enwseernet si ntchl
demographic characteristics of the study par:
whi ch data <collection was perfor med. These
physiological measurements collected during t

Tabd32 Participant demographics and envi

Characteristic Mean N SD or n

Age (years) 24.7 N 2.34

Sex 7 Mal e, 20 Feme

Eye Measured (OC 6 OD, 21 OS

Room Temperature 22.5 N 0.81

Ambient RH ( %) 35.8 N 8.1
435 . Bera2rm ( Rialremsn Charr cadciveelrpid sntvpiherisanBef ore and After
The primachataeatefi $mi cs evaluated in this st
These parameters were measured at baseline (
foll owing administration of Systane Compl ete
33ummarizes the descriptive statistics for LL
at the center of the cornea) and TER measurem
with |ipid supplementation.

18



Tabd3e883 Tear film characteristics before ai

Before |5 mins Af 20 Mins A
Par amet er

( Mean N ( Mean N ( Mean N

LLT (nm) 64. 41 N 83.48 N 80. 48 N
NI TBUT (se

First Measu 13.55 K 12.02 N 10. 43 N

Average Meas 16.20 N 15.04 N 13.75 N

RTCC(/ sec) -004N 08 . 004N 0.0 0.04 N

TER (g/ m] /| 008N 007. 0.11 N 0.11 N

4535 . Bor3malbaivsts y A nianlcyisiressicof  Tear Film Characterdi

The normality of distributions for LLT, NI TBU

after l' i pid eye drop instil-Waltk onhgegswasTlhes s e:s

summari zed48B4 the Tabl e

18



T a b4t3ed

Par am

LLT (

NI TBUT

First

Average

Nor mal

eter

nm)

(sec)

Measur el

Measut

RTCC( sec)

TER (g9

I m] [ hr

ty
Conditio

Before Dr

5 Mins Aft

20 Mifntser [

Bef ore Dr

5 Mins Aft

20 Mins Af

Before Dr

5 Mins Aft

20 Mins Af

Before Dr

5 Mins Aft

20 Mins Af

Before Dr
Af t

5 Mins

20 Mins Af

18

anal ysis

S h a pWir lok
0. 86

090

0.94
0.39
0.69
0. 94

0.89

0 .88
088

0.69

of-Witlelart ¢ $1 )m

p-val L
0.00
0.01
<0. 0
0.13
0.18
0.13
0.05
0.31
0.13
0.01
0.00
0.00
0004
0. 34
0.97

c ha



4.5 . Gampas athisive CAnal earsacd fern T ed /e iBetor e an
lnnisitor 11 ati on

Foll owing normality -Winlak ytse st ,usam@mr dphrei aSthea ps tr
selected. -nDumalt odinotinri butions for LLT,- RTC,

parametric Friedman test was wusedstifoand haser

measurements), which showed nor mal -Mdasturieosut i
ANOVA was performed. Pairwise comparisons foll
for multiple comparisons using Bonferroni ad,j

The summary of these statisti cevaal uaensa | yisse spr e sn

T a b4l3ed

18



Tabd3es Summary table of iIinferential St

Posinc Compa

Paramete¢ Statisti Test S pval
( Bonf erdrj aunbit
Significant
"Before vs.
0.003), "Be

LLT ( nm) Friedma 13.0 0. 0¢
mins" (p =

di fference
mins" (p =
NI TBUT (

No signific
Repe-dMteadu

First Mea 416 0.0:di fferences
ANOVA
correction
No signific
Repe-deadu
Aver age Me 3.39 0.0«differences
ANOVA
correction
No sigdiff et
RTCC( sec Fri edma 0.0 1.0
(all p >
Significant
"Bef ore vs.
0.001), "Be
TER (g/ m Friedma 18. 67 <000
mins" (p =

di fference

mins" (p =

18



Each tear fidempasamated &ahstatistically signi

is examined in detail i n t he sheocct i coonnspvabtehl soown. s
Bonferronit ocdrdreendtiifoon speci fic time intervals
foll owing |lipid drop instillation.

4. 5.3L4.1

After establishing a significant difference i
mi nutes after drop, and 20 minutes af-hec dr oy
anal ysis was conducted amKkiwn gals ttBhoen f Wir Ir cochxoo nc o ir
identify specific pairwise di fa3eprreensceenst sb etthnee er
of t hheocp oWitl co-xamk si gemtess conducted to compare
three time pointsre These tcompdensiohyg wkeere si

occurred following drop instillation.

Tabd3 Resul t hoaf atntad ypost comparing LLT measur
time points

Bonfenandposb
Comparison Wi |l coxon p-val u signific

(U=0.01E€

LLT (before) vs 15 <0. 0C Signific

LLT (before) vs | 45.5 0.00 Signific

LLT (after 5 mins) 116.5 0.51 Not signi
The LLT measurements showed a significant 1inc
this increase remained significant even after

di fference wa sb5 aonbdsnePrvuptdedsb e p weendi cating that |

18



the initial Il ncrease. It should be noted th
measur ement ceiling of 100 nm, beyond which

l eading to an umnadertedtiamalolnlo iF MdhBei@seas! liyn i | | us
the distribution of LLT measuremennhnstiaktl| @tasehni
boxpl ot highlights median values and interqual

changes over ti me.

100+ —_—T

90

80

70

LLT (nm)

60|

50

40t

Before Drop 5 mins After Drop 20 mins After Drop

Fi g428 LT before, 5 min aft2zY, samdw2O0asi meai a e

LLT increased significantly from baseline to

el evated at 20 min (p = 0.002). No significan
0. 513

18



4. 5. NI ABYUT

Af ter establishing a significant di fference i
the three time points (Before Drop, 5 minut es:s
repemdasdures ANOVA (NI TBUT First= ¢@. G4-0ph 0 2dgst
analyses were cohrdeuctitéiend arsBomgf eptacd ameidleaddr f ¢ c 51Ip
pairwise differences betdBefeme stehnetsse tnheeh srae = unletn
pai rteedstts conducted t oancdo yveerreaghl TmMRWMT ukFiermsint s
time points. These comparisons were used to I

in tear film stability occurred following |ip

Tabd3er Resul t hoaxf atntad ypast comparing NI TBUT me
di fferent time points

Bonfenadpuosb
Measur e me ComparisaotStati pvalu signific

(U=0.01¢€

Before vs . 1.82 0.21 Not signi
NI TBUT F Before vs / 3.04 0.00 Signi fic
After 5min 1.85 0.12 Not signi
Before vs . 1.80 0.29 Not signi
NI TBANVera Before vs / 2 .69 0.00 Signific
After 5min 1 .34 0.16 Not signi

The NI TBUT First Measur ement showed adroipgni f |
compared to before the drop (p = 0.005), i ndi c

significant differences wer eafotbesre rtvheed dbreotpw e(epn

18



between 5 and 20 minutes 42f% md FE4B@iuldleuospt r(apt e=
changes in NITBUT First and Average measur emen
20 minudrsep.poBhe bar plots display mean val ue

visual summary of the aobdarumge dtritemekpor al trend

20.0f

=

~

w
T

=

ol

o
T

=

N

w
T

10.0r

7.5¢

NITBUT First (seconds)

50

251

0.0 3

Fi g#429N1 TBUT (first) before, 5 m@yn a&thtoevm, aa&n dne

N SD. A statistically significant reduction

Changes between baseline and 5 min (p = 0.214
significant

Similarly, for NITBUT Average Measur ement, a
before and 20 minutes after the drop (p = 0.0

0.290) and between 5 and 20 matnudiegni(fpi ca Ot .16T

18



consistently indicate a significant del ayed i

20 mi nudresp.post

12.5¢

10.0F

~
€]

NITBUT Average (seconds)
v
o

N
w

o
o

Fi g43ONI TBUT (average) before, 5 20,n saffdwenr , asa

mean N SD. A statistically significant reduct

significant difference was found between bas:
min (p.= 0.166)

4. 5. FER. 3

After establishing a significant difference i

mi nutes after drop, anad ngoGnr ameut es, BAth@demdamn op
analysis was Worodoxotmeadn kgstiesgt wi th Bonidenbdbnf

specific pairwise differenc4e85E wbnenmaweiezne st htehsee rm

18



t he -hpooeditl c ox onr asikg nteeds t wi t h Biecrefde rtroo n ¢ o ncpoa rree
measurements across the three time points. The

significant changes in TER occurred following

Tabd3e8 Resul t hoaxf atntad ypsost comparing TER measur
ti me points.

Bonfenadpuosb

Compari son Wi |l coxon pval t signifU c=

0.0167)

TER (before) vs 27.0 <0.0 Signific

TER (before) vs 1 65. 5 0.00 Signific

TER (after bamites) 180. 0 0.93 Not signi
The TER measurements showed a significant I nc
and this increase remained significant even a

di fference was -abhd-mR G e tedbireoppove(3 =» ,0 i ndi cating
stabilized after t W81 pirmoivti ideels ian cviesawseal. rFe mrue
measurements at baselinedr &p mi Tlueé ebar aplddo®2 0d in
and standard devi htuehratiegchhei matpermt anid ¢

ti me.

19



0.16¢

0.14¢

0.121

0.10

0.08f

TER (g/m?/hr)

0.06

0.04r

0.02

0.00 1 1 1

Fi g#43 8 ER before, 5 min aft2Y, shdwgOamimeafntd
increased significantly from baseline to 5 m
0.007) . No significant difference was four

4.5 . Gosrbrie hnaltar oo mar IAN ailayesicsancost  Tear Film Par amet e

To examine the evolviln®l TBUAAMERNPbaApSsSOoObetwe et

analyses weteeopein Mealpecdwiansg | i pi d5 eniemauwi@p i ns
mi nut ef[she goal was to explore how these tear
insti Dbhbatt@en.mul tiple comparisons, a Bonferro

significante=tBre98B8I1 0t 65/ 6) .

The results dradidmmédbd i zed i n

19



Tabd3e® Correl ati

Vari ables Compar

LLT ClzaMIig®eBUT Fir st
LLT ChzaMmIig®eBUT Aver ag:
LLT ChramBR Change
NI TBUT Fi rzsNI TCBhlhTh glev e r
NI TBUT Fi rzsTtE RC hGhnagnec

NI TBUT Averag&RClaag

Tabdtdedd Corr el

on

ation

Correl

Coef firc

0 .51

0 .49

-050

-03 6

Correl e

-

c

p-v al
0.39
0. 46
0. 87
<0.0
0. @0
06Q

anal ysinssbobifl lcamangrek

Signifi

(Bonfer

adjubt e
0. 008:¢
NoS$i gni i
Not Sig
Not Sig
Signi fi
Signi fi
Not Sig

anal ystisnsafi | dhan gens)

Signific

Variabl es Comp p-val t( Bonf erdrj aurbi
Coef firc
= 0.0083
LLT ChzaMIg®eBUT Fir s 0.73 0.06 Not Signi
LLT ChzaMIgeBUT Alhearne 0 .33 0.009 Not Signi
LLT ChamBR Chang -0. 03 0. 87 Not Signi
NI TBUT Fi rzsNI TCBhlATn
0 .68 <0.0 Signific
Average Chang
NI TBUT Fi rzsTtE RC hGhna -0.17 0.39 Not Signi
NI TBUT Averagd&R@hRa -012 0557 Not Signi

19
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The correlation analysis revealed sever al key
At 5 mi Auwmtsetsi lpoastti on :

m No significant correlation was found between
mA strong positive correlation was observed b
(r 4 Op. %< 0.001), indicating high internal <c
m A onder ate negawaisvoeumeddo weehaNiI daBUT FOS0Ostp a=nd T
0. @08uggesting t hat i ncreased tear stabil i
evaporation shortly after | ipid drop instild]l
At 20 mi-nosesl|l pasiton:

m No significant correlation was found between
mA strong correlation remained betwee® Nd TBUT
< 0.001), further reinforcing the reliabilit

m Weak <correlations were observed bet ween NI T

statistically signa TERa#®t 1€e. . = NL. BBUT , Fiimg
relationship between tear stability and evaj

by other factors.

To il lustrate these fid3damddl , prlesehitgpre s wh eslec
with trend | ines, visually representing the r
at both 5 minutes and 20 minutes following |

19
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i g43 P airwise scatter plots with regression |
LT, NITBUT (first and average), 2ndSmhERedt ab
represent 95% confidence intervals. A strong
average chMange< (0. 60Dy St NeBBgHes i wantly and
correlated wi tidh5 0T EpR =2 hOa.n0gle8 ( r =

F
L
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Fi g#4a3 3 airwise scatter plots with regression |
relationships among changes in LLT, NI TBUT (f
i nstil [2at.i AAn s(tm o=mng correlation was observed
change6(rp =< 00.8001). Other relationships, 1inc

TER, and between NITBUT and TER, were no
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