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Reliability of a New Non-invasive Tear Film Break-up Time
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Purpose: To evaluate the repeatability of non-invasive tear film break-up time and identify its relationships with dry eye

parameters.

Methods: A total of 100 participants (50 with dry eye, and 50 in the control group) were enrolled prospectively. Non-invasive kera-
tograph first (NIKf-BUT) and average (NIKav-BUT) break-up times were evaluated 2 times using Keratograph 4 (Oculus,
Wetzler, Germany), and then tear film break-up time with fluorescein (FBUT) was measured. The correlation analyses were per-
formed between non-invasive parameters (NIKf-BUT and NIKav-BUT) and FBUT. Intra-observer agreements of NIKf-BUT and
NIKav-BUT were assessed using intraclass correlation coefficients (ICC). The receiver operating characteristic (ROC) curve

technique was used to evaluate the

non-invasive method in the diagnosis of dry eye.

Results: The correlation analyses revealed positive correlation between NIKav-BUT and FBUT in both groups (dry eye; r = 0.66,
p < 0.001 and control group; r = 0.77, p < 0.001). The ICCs of NIKf-BUT and NIKav-BUT were 0.72 and 0.94 in the dry eye,
respectively, and 0.70 and 0.91 in the control group. NIKav-BUT was not different from FBUT in either group. The areas under
the ROC curves of NIKf-BUT and NIKav-BUT were 0.917 and 0.980, respectively.
Conclusions: The high ICCs verified the repeatability of NIKf-BUT and NIKav-BUT. NIKav-BUT showed no difference from FBUT
and positive correlation with FBUT. NIK-BUT showed high diagnostic power and can be considered a new parameter to evaluate

dry eye syndrome.
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Ze02lo] ulo] n]3he B va] SIs) Mengher
et al®2 ] S=Eutuly) A ZHnon-invasive tear film break-
up time, NIBU okttt o] AAR: YF o] ExRRE
g ol gstel Zuto] AR ANET A5 A
Azpmope] FuE BAte] mRute] HYAS SAsHE
oz, SAbE Hof efo] thehdl g guinu A
7o Helstc. B, dARke] RS WAlsh] 91
SATE ARSIl £EESolE o] 8t BUuIA
2AuSo] TokE|glon], 1% Sh}E Keratograph 4 (Oculus,
Wetzlar, Germany)= Z1H0]51 ol9hl i=2utala| A|7}
Bob7t PRk, e 1 AR AARIEE, 7]E o
Azxg '] PAS Wl A FET Aol

olof] & AtollA= qhelo A Keratograph 45 -8t

il

e
ljo

R MO ET N P e P
shglom, 7 ghe TlEe) R ARE A Ee vl A
g sk
CHafat B

B oATE 20159 493 109704 Quthstay e
QIS PEI BT WO Stk B ATAEE
AR Wk ok pAREe] Fua Sl YLowA
BaptaAte] 102 wiglol], ERod4l @uoE 24
o mlgto] gl H9E ApARFOR ARt 9l
7ol ke QFpAESE 509 S0okT A AT S0
509hE AFA O AL ATAEFRE 4 Bh
7hE AR OR, AAHELS PRSI Aol 47
steieh. ZUENRS ALgShu 9l B wEY b
2 AT B, o] Gl B, AT AT Bug

2 1o =3 9] Wl WAL Boksw BX), W
TAEZ AT level 3 o]l AL helA A
sk 2 A ok e AT Helo] o 5o

S Hiekq1, JAI7] A (Declaration of Helsinki)2 #4~3}
Fon Fathetargd a9l de)institutional review
board, IRB)S] 2018 ATHNo. 2016-05-003).

Aol A 22 Atz dHo] HARE Al
A, 242 Ff didAke] volek A, ¥Es AR
o, HEHAS] 1A IS 98 et HARA
(ocular surface disease index, OSDI)E A-3}3ith. OSDI
= 127119 EFor FAE ZF 3ol 0golA 4371
o] A7} St OSDI HeAAR (B3 H49 &
&) x 100)/[(HFA7E SE3 £d9 ) x 4]= 513leH
FTHE 0FollA 100871A] #3rgtch

HIH52]] =R AIZE AARS $18) Keratograph 45
A}85}910, Keratograph 4% 2922 o] g51o] ¥T%
5wkl 7] A 7Hnon-invasive keratograph tear film break-up
time, NIK-BUT) 275} 234]0|c, Keratograph 4= 7H
1o 2270) 4 Aplacido ring)& FA F, 3
AZEOIZ o|§3to] ZurE s7he] U3k 247He] WAr
Ao LEE 192709] g9or FEgh(Fig. 1). &3
A 2 gole A FAge] YTl ok
7ho] 7S HL} 3 WA LEuto] s AZhe uA
A =5 9tu} 3] A 7H(non-invasive keratograph first break-up
time, NIKE-BUT) 0.2 AAEln], ZAF 28 A|7k4] uhaget
2E A == AIzte] Fatto s vGE
=) A 7K non-invasive keratograph average break-up time,
NIKav-BUT)o| #JA]gIck

NIK-BUT: 7} gajnjc} 308 71402 23] Al
3t e eE AAL Bake] g3t vele 1Ask

e FABH & & =2 A7 RI=S stk ololM =

Breakup characteristic

s is 8s 125 165 205 23
Breakup (first): 6,61
Breakup (avg. )i 11,67

Classification:  Level |

DISCLAIMER: This program does not produce diagnosis and should not be used to
NIKBUT dictate therapy without professional comelation with other clinical findings and

e diagnostic tests,

Figure 1. Representative image of non-invasive keratograph tear film break-up time (NIK-BUT) using Oculus Keratograph 4
(Oculus, Wetzler, Germany). (A) A real time image recorded the entire course of break up process. Placido rings were reflected
from surface of cornea and their distortions were recorded as the red-framed rectangular break-up units. (B) The final report was
summarized as tear film break-up colour-code map. (C) Non-invasive keratograph first break-up time (NIKf-BUT), non-invasive
keratograph average break-up time (NIKav-BUT) and break-up progress of break-up units were provided.
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2nd NIK-BUT HARS whA|aL 304+ &, 32941 G
= S8 ALEEF FYst AlS5olA == gAzkE
eIkt ZHAuko] AL fluorescein strip O 2 TJAFA}S]
ofel% Avte] FRUNL £33 HAoll & ZuA
2 shol Zinte] B A seick BRoAN @4
< o] &3l =E9ul] Al 7K fluorescein tear film break-up
time, FBUT)-> 24} A] =& ZAEA YA g & & A%
o7} w7 shol R Aol 4 w7Re] Ao ol
gow, UAY 2AAE o|gste] Zgetech 2de
S gRIste] gt SRS 7|20 e F5Es
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shen AAZE Be REriAe] £3e gold T1%e
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EASA B0z T 9 A%¥ FBUT, NIKf-BUT,
NIKav-BUT, $]2H A}, OSDI H<4=% independent sam-
ples t-test = paired samples t-testE ©|-8-3}o] H| W3}
o, 7 o 2ke] JHE TholAly A Algsto] vlast
%t} NIK-BUTO| AA/dS B7Hsk7] flsl aidaAls
(Intra-class correlation coefficients, ICC)E ]85t AlZ|%=
BA15 AJ3Y5HT] Box and whisker plot2 ©]-83}0] NIK-BUT
Q}FBUTS] B35 E&35}9ch FBUTLF NIKf-BUT, NIKav-
BUT, 42674k OSDI %% 7he] A4pag B7ksh|
3l Foj& AA|4(Pearson’s correlation coefficients) &
T35k th Receiver operating characteristic (ROC) curveS
o] 8-3to] ZpAolH A (area under the curve, AUC) %
cut-off valueE A3} SAEA 2 732 SPSS 20.0
for Windows (IBM Corp., Armonk, NY, USA)2} MedCalc
(MedCalc software bvba, Ostend, Belgium)E ARME-3l33L
SARAAL pgro] 0.05 mvkel F-S FAA 1440

ok s Alatelch,
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™ G2 237, ofAk= 2778010tk = o 1k Agut A
Bl ol Aol gloltk ATART T AT
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oA F25HA =SttHTable 1). NIK-BUT2} NIKav-BUT
9] ICC= At ztol Al 2} 0.7002 0.9120]8141, k71
25ollA ZF 0.7173 0943 UEhdo] 2 TS
Heon SAXOR G5 TtHp<0.001 in all parameters;
Table 1).

NIK-BUT®} FBUT®] E3ZE Box and whisker plot&
ol-glo] EIst AT} NIK-BUTE 2 Zrollx] 3 )
AAE = ul A ] AR BEg ugr £
NIKav-BUT9] Interquartile range (IQR)= ZAA} 7t z}o|7}
A9 STk NIKF-BUTS IQRS b7 2F5<o] /4
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Table 1. Demographics and ocular parameters of the study
subjects

Dry eye Control

p-value
group group
Eyes (n) 50 50
Age (years) 54.6 + 109 52.8 + 11.8  0.347
Gender (male:female) 18:32 23:27 0.309"

57+17 13.1+29 <0.001"
41+13 108 +49 <0.001
58+20 13.5+3.7 <0.001"
2nd NIKf-BUT (sec) 43+15 108 +42 <0.001"
2nd NIKav-BUT (sec) 58+21 13.6+29 <0.001"
Schirmer test (mm/5 min) 7.0 + 3.6 13.2 + 5.6 <0.001"
OSDI score 40.1 + 14.2 25.1 + 13.3 <0.001"

Values are presented as mean + SD unless otherwise indicated.
For the NIKf-BUT, the intraclass correlation coefficient between
first and second examination was 0.717 in the dry eye and 0.700 in
the control group. For the NIKav-BUT, the intraclass correlation
coefficient between first and second examination was 0.943 in the
dry eye and 0.912 in the control group.

FBUT = fluorescein tear film break-up time; NIKf-BUT =
non-invasive keratograph first break-up time; NIKav-BUT =
non-invasive keratograph average break-up time; OSDI = ocular
surface disease index.

*p—value based on independent sample #-test; Tp—value based on
chi-square test.

FBUT (seconds)
1st NIKf-BUT (sec)
1st NIKav-BUT (sec)
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Figure 2. Distribution of non-invasive keratograph tear film break-up time (NIK-BUT) and tear film break-up time with fluorecein
(FBUT) using box and whisker plot in the dry eye and control groups. The boxes include 50% of the measured values between 1st
and 3rd quartiles and the median (horizontal line). The upper and lower fences indicate 1.5 times the interquartile range (IQR) from
3rd and 1st quartiles. The outliers which are more than 1.5 IQR from the box are shown as circles. The mean of each parameter are
shown as diamond. Comparison between FBUT and NIK-BUTs was performed by paired sample #-test. NIKf-BUT = non-invasive
keratograph first break-up time; NIKav-BUT = non-invasive keratograph average break-up time.*p—value < 0.05 by paired sample

1-test.

Table 2. Pearson’s correlation coefficients for all reference methods

FBUT 1st NIKf 1st NIKav 2nd NIKf 2nd NIKav Schirmer 0SDI
FBUT 1 0.440" 0.660" 0.592" 0.689" 0.289" -0.046
1st NIKf 0.612 1 0.687" 0.567" 0.601" 0.111 0.118
1st NIKav 0.768" 0.832" 1 0.638" 0.893" 0.228 0.003
2nd NIKf 0.503" 0.545" 0.558" 1 0.685" 0.374" -0.052
2nd NIKav 0.724" 0.654" 0.860" 0.730" 1 0.206 0.063
Schirmer 0.377° 0.230 0.311° 0.247 0.337° 1 0.112
0SDI -0.162 -0.309" -0.265 -0.270 -0.233 -0.045 1

Values in light gray background area represent correlation in the normal control group, and the other values represent correlation in the dry eye

group.

FBUT = fluorescein tear film break-up time; NIKf = non-invasive keratograph first break-up time; NIKav = non-invasive keratograph aver-

age break-up time; OSDI = ocular surface disease index.
*p-value < 0.05; "p-value < 0.01.

z2uch o F2 BES B ATARFTIA Is
NIK{f-BUT (p<0.001)2} 2nd NIKf-BUT (p<0.001)+= FBUT
B &ekom, 1st NIKav-BUT (p=0.624)2} 2nd NIKav-
BUT (p=0.537)= FUBT®} F-9J3k Zpol7h §igiet. /3
Z7o A= Ist NIKE-BUT (p<0.001)¢} 2nd NIK{-BUT
(p<0.001)= FBUTXRt} %9k, 1st NIKav-BUT (p=0.260)
¢} 2nd NIKav-BUT (p=0.098)+= FBUTS} F-2Jst =}o]7}
$1AEH(Fig. 2).

2y A Y] JHEAE B7Fskt: FBUTSE NIKf-
BUT 7ol oFAZ2Z74=0.440, p<0.001 between FBUT
and 1st NIKf-BUT & r=0.592, p<0.001 between FBUT and
2nd NIKf-BUT)¥} A Z24(=0.612, p<0.001 between
FBUT and 1st NIKf-BUT & 7r=0.503, p<0.001 between
FBUT and 2nd NIKf-BUT)of|A 5% F5% oFo] At
AE R3l, FBUTS NIKav-BUT 7toll& QFAZRST
(7=0.660, p<0.001 between FBUT and 1st NIKav-BUT &
7=0.689, p<0.001 between FBUT and 2nd NIKav-BUT)%}

AA O] Z22(=0.768, p<0.001 between FBUT and lst
NIKav-BUT & r=0.724, p<0.001 between FBUT and 2nd
NIKav-BUT)olx] B 75t oFe] AHaAIE H3ir) OSDI<t
U] A5 7ol Avta o s o) AvtAE 23l
U FAHCE FofstA] FdTH(Table 2).

NIK-BUT®] ROC curveE Fig. 3¢ YERSICE NIKav-
BUTY] AUC+ 098022 NIK{-BUT9] 09172t} ke
o, 9-oJ5t Zfo]S B Ithp=0.032). Z x| H#2] cut-off value
+ st NIKf-BUT 5.2Z%(sensitivity 90%, specificity 80%),
Ist NIKav-BUT 8.9%(sensitivity 94%, specificity 92%)9]
IthFig. 3).
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Figure 3. Receiver operating characteristic curve (ROC) of
non-invasive keratograph tear film break-up time (NIK-BUT).
The area under the curve (AUC) is 0.917 in 1st non-invasive
keratograph first break-up time (NIKf-BUT) and 0.980 in Ist
non-invasive keratograph average break-up time (NIKav-BUT).
The cut-off value derived from ROC curve was provided. The
difference of AUC between NIKf-BUT and NIKav-BUT was
0.063 and was significant (p = 0.032).
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