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Abstract The aim of the study is to investigate the

applicability of a newly developed corneal topogra-

pher in assessing tear film stability in Indian subjects.

A prospective comparative study of 25 Indian subjects

with dry eyes attending a tertiary eye care clinic in

South India and 25 normal control subjects was

conducted. The diagnosis of dry eye was made based

on ocular surface disease index questionnaire. Non-

invasive tear film break-up time (NI-TBUT) was

measured using a new method based on a corneal

topographer equipped with modified scan software.

The correlations between the NI-TBUT and the

traditional fluorescein tear film break-up time (F-

TBUT), Schirmer I test values were determined. A

total of 50 patients (100 eyes) were included. The

values of NI-TBUT were significantly lower than the

values of F-TBUT in both the cases (NI-TBUT

5.78 ± 0.8 s and F-TBUT 7.56 ± 0.5 s; p\ 0.02)

and controls (NI-TBUT 11.66 ± 1 s and F-TBUT

12.92 ± 1.2 s; p\ 0.01). NI-TBUT values were

significantly lower than the corresponding F-TBUT

values in the varying grades of dry eyes. The mean NI-

TBUT values in mild dry eyes was 6.42 ± 0.2 s,

moderate dry eyes was 4.70 ± 0.3 s and in severe dry

eyes was 2.32 ± 1.2 s. There was a significant

difference in the NI-TBUT values for cases and

controls (p\ 0.001). There was a good correlation

seen between the NI-TBUT values and the F-TBUT

values, Schirmer I values and the ODSI scores. NI-

TBUT was found to have a sensitivity of 86.1 % and a

specificity of 81.1 % when the cut-off value was kept

at 6.2 s. We investigated the performance of a non-

invasive technique for measuring tear film stability to

aid in the diagnosis of dry eye disease. It is a useful

non-invasive objective method for the detection of dry

eye, and its varying grades and may be useful in

monitoring the efficacy of therapies for dry eye.
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Introduction

Dry eye is a multifactorial disease of the tears and

ocular surface that results in symptoms of discomfort,

visual disturbance and tear film instability with

potential damage to the ocular surface. It is accom-

panied by increased osmolarity of the tear film and

inflammation of the ocular surface [1]. Dry eye

evaluation includes tests for assessment of tear

production, tear film stability, ocular surface disorder

and various laboratory and histological tests. A study

by Serin D et al. ranked tear break-up time (93 %),

corneal staining (85 %), tear film assessment (76 %),

conjunctival staining (74 %) and Schirmer test (54 %)
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as the most commonly used diagnostic tests for initial

assessment of dry eye [2]. Schirmer test is an invasive

test to assess tear production. It is done using

Whatman filter paper No.41 (5 9 35 mm) [3]. A

cut-off of 5.5 mm is considered significant. Schirmer I

measures total tear secretion (reflex and basal tears),

and Schirmer II utilises anaesthetic to measure basal

secretions. An unstable tear film is one of the most

common findings in patients with ocular irritation

caused either by reduced aqueous tear production or an

increase in tear evaporation, as in the case of

meibomian gland disease [4]. The method most

frequently used to assess tear film stability is to

measure the tear break-up time (TBUT), that is, the

time interval between a complete blink and the first

appearance of a dry spot in the precorneal tear film [5].

The TBUT can be assessed by invasive and non-

invasive techniques. The most commonly employed

method in routine clinical practice is Fluorescein Tear

Film Break-up Time (F-TBUT). It uses a slit lamp

with a cobalt blue light source to view the tear film

after the instillation of fluorescein. The first appear-

ance of a dark spot marks the tear break-up time. A F-

TBUT time of less than 10 s (s) indicates instability

[5]. Despite its wide usage in clinical and research

practice, F-TBUT has many lacunae like lack of

standardised procedure in terms of method (mi-

cropipette or fluorescein strip) and volume of fluores-

cein instilled, large range of normal values,

inaccuracy, non-reproducibility and lack of associa-

tion with subjective symptoms. Mengher et al. have

found that the instillation of fluorescein itself, being

invasive, shortens the TBUT [6, 7]. In an attempt to

overcome the lacunae of F-TBUT estimation, various

non-invasive methods have been developed to assess

tear film stability. Mengher et al. [8] first described

measuring non-invasive TBUT (NI-TBUT) by pro-

jecting a rectangular grid pattern onto 70–80 % of the

corneal surface which was viewed through a slit-lamp

(xeroscope)-modified bowl perimeter. The distortion

of the grid pattern marks the TBUT [8, 9]. Many other

instruments have then been developed like observing

standard keratometer mires, modified keratometer

mires with a HIR-CAL grid [10], a hand-held kerato-

scope with a Loveridge grid [10]. These instruments

all project a white grid on a black background. The

Keeler Tearscope and Keeler Tearscope Plus (keeler

ophthalmic instruments) with a corneal topography

grid attachment [13] project a black grid on a white

background. Other instruments are the DR-1 (Kowa

Co. Ltd, Japan) [11, 12] or other prototypes [14, 15].

Tear film lipid layer interferometry is another method

that has been described to measure the superficial lipid

layer of the tear film [16, 17]. Corneal topography with

its topographic regularity indices have been used to

assess tear film stability [18, 19]. Recently, teat

stability analysis system (TSAS) software [20–23]

was used with the RT-7000 Auto Refractor-Keratome-

ter (Tomey Corporation, Nagoya, Japan) by Gumus K

et al. [24] as a non-invasive kinetic evaluation of

TBUT. Hong Jiaxu et al. used a keratograph (Oculus,

Wetzlar, Germany) equipped with modified TF-scan

software for NI-TBUT measurements [25].

We performed this study to evaluate the NI-TBUT

values in normal and dry eye patients identified using

the ocular surface disease index (OSDI) questionnaire

using a corneal topographer and to find its correlation

with different grades of dry eye severity. The corre-

lation of the NI-TBUT values with subjective symp-

toms as determined by the OSDI scores was assessed.

Materials and methods

This was a prospective comparative study of 25 Indian

subjects with dry eye attending a tertiary eye care

clinic in South India and 25 normal control subjects

recruited from a population based study. An informed

written consent was obtained from all the subjects and

the study had the approval of the Scientific and the

Ethical committee. All subjects were interviewed

regarding their medical history. The diagnosis of dry

eye was made based on OSDI questionnaire [26]. It

has 12 items; 6 for visual function, 3 for ocular

symptoms and 3 for environmental triggers. It gives a

score from 0 to 100; 100 = complete disability;

0 = no disability. All patients diagnosed with dry

eyes were subjected to NI-TBUT using the Optikon

Keratron Scout (Optikon, Italy), a corneal topogra-

pher, by studying the irregularities in the mires of the

Placido disc that is reflected onto the cornea. The

instrument shoots 15 high-speed (one picture per

second) photographs of the cornea with a projection of

Placido disc on the corneal surface (Figs. 1, 2, 3, 4, 5,

6, 7). These pictures are then analysed for irregular-

ities in the mires. The procedure was carried out in a

dark room. Subjects were told to blink 2–3 times and

then the photographs were taken for 15 s or till the
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Fig. 1 Showing picture at 0 second

Fig. 2 Showing picture at 1 s
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time the patient blinked. The method adopted to

identify the irregularity in the mires was the appear-

ance of discontinuity in the mires of at least 3 spots in

the central 6 mm. Presuming that the TBUT is 10 s,

any patient showing irregularities in the mires before

the tenth picture was considered as dry eyes, and the

NI-TBUT was recorded in seconds. This was followed

by slit-lamp examination, the traditional F-TBUT

measurement (2 lL of a preservative free combination

of 1 % fluorescein dye) and fluorescein vital staining

of the ocular surface, the same criteria of appearance

of first dry spot in the central 6 mm of the cornea was

taken as TBUT in seconds. The time interval between

instillation of fluorescein and recording of F-TBUT

was 10 s. Time interval was kept same in all patients.

It was made sure that patient did not blink during the

recording as it will give false reading. All these

examinations were done by a single examiner and

finally, the Schirmer I test was performed. The gap

between the tests was more than 15 min. Schirmer’s I

test was done to assess tear production. A Whatman

filter paper with a scale 0–35 mm was used. Patients

were asked to sit in a room devoid of any air

conditioning or fan and were asked to blink normally.

Results

A total of 50 eyes of 25 dry eye patients (15 females,

10males) with a mean age of 42.64 ± 14.12 years and

50 eyes of 25 normal control subjects (15 females, 10

males) with a mean age of 48.32 ± 15.1 years were

recruited for the study (Table 1). All subjects were of

Indian origin. As per the OSDI questionnaire, the

cases were divided into mild (14 eyes), moderate (20

eyes) and severe (16 eyes) dry eyes.

The NI-TBUT values in the cases group were

significantly lower (5.78 ± 0.8 s) compared to the

control group (11.66 ± 1.0 s, Table 1) There was a

significant difference in the NI-TBUT values between

the different grades of severity of dry eyes with the

severe dry eye group having lowest NI-TBUT values

(2.32 ± 1.2 s). The mean NI-TBUT values in moder-

ate dry eyes was 4.70 ± 0.3 s and in the mild dry eyes

was 6.42 ± 0.2 s (Table 2) The F-TBUT values were

significantly higher than the corresponding NI-TBUT

values in all the mild, moderate and severe grades of

dry eyes. The F-TBUT values were significantly

higher than the NI-TBUT values in both the cases

(p\ 0.02) and control groups (p\ 0.01) (Table 3).

Fig. 3 Showing picture at 2 s
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Spearman correlation analysis showed that the

values of NI-TBUT in the cases group correlated well

with OSDI score (q = -0.85; p\ 0.001), Schirmer I

values (q = 0.834; p\ 0.001) and F-TBUT values

(q = 0.919; p\ 0.001) (Graphs 1, 2). Similarly, the

NI-TBUT values in the control group showed corre-

lation with F-TBUT values (q = 0.783; p\ 0.001).

But there was no significant correlation between NI-

TBUT values and OSDI score in controls. NI-TBUT

was found to have a sensitivity of 86.1 % and a

specificity of 81.1 % when the cut-off value was kept

at 6.2 s (Table 4; Graph 3). In comparison, F-TBUT

was found to have a sensitivity as well as specificity of

92 % when the cut-off was kept at 10 s.

Discussion

The diagnosis and management of dry eye disease is a

challenge in the modern ophthalmologic clinical

practice. In today’s world, due to increasing pollution

and computer usage, a large number of patients in the

younger age group present with dry eye symptoms and

require a high standard of care. It is not always easy to

objectively quantify dry eye disease [27]. The oph-

thalmologist is equipped with an arsenal of tests and

questionnaires that are substantially subjective and are

not necessarily reproducible nor definitive [28]. The

OSDI questionnaire provides a subjective grading of

dry eye [26]. Of the numerous variables which

determine the tear film quantity and quality, the

TBUT assesses both by determining the tear film

stability [29]. The traditional F-TBUT values are not

reproducible and are largely subjective and operator

dependent.

The NI-TBUT quantifies both anatomical and

physiological function as the deterioration of the

mires quality directly affects the visual function by

reduction in the quality of image formed at macula

[30, 31]. We recommend using non-invasive tech-

nique of measuring tear film break-up time with

Optikon keratron scout topographer as a reliable

objective tool to identify dry eye disease. Using this

system, we found that the values of NI-TBUT were

significantly lower than those of F-TBUT (p\ 0.001)

in all the subjects tested. Values of NI-TBUT

Fig. 4 Showing picture at 3 s
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Fig. 6 Showing picture at 5 s

Fig. 5 Showing picture at 4 s
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correlated well with the F-TBUT values as well as

with the Schirmer I test values. The values of NI-

TBUT progressively decreased with increasing sever-

ity of dry eye and correlated well with the OSDI dry

eye grading scores. Gumus K et al. [24] measured the

NI-TBUT values using the TSAS software for the RT-

7000 Auto Refractor-Keratometer. They found the NI-

TBUT values well correlating with the severity of

dysfunctional tear syndrome (DTS) criteria modified

from the dry eye workshop (DEWS) based on the

symptom severity scores. They found a cut-off point

for ring break-up time (RBUT) of 3.0 s to have

Fig. 7 Showing picture at 6 s

Table 1 Demography and

test values of cases and

controls

X2 test and Mann–Whitney

U value test

Controls Cases p value

Age (years) 48.32 ± 15.1 42.64 ± 14.12 0.2

F-TBUT (s) 12.92 ± 1.2 7.56 ± 0.5 \0.001

NI-TBUT (s) 11.66 ± 1 5.78 ± 0.8 \0.001

Schirmer I (mm/5 min) 12.4 ± 1 5.3 ± 2.1 \0.001

Interval between 2 blinks (s) 15 ± 1.2 12 ± 1 0.03

Table 2 Comparison of F-TBUT and NI-TBUT values in

different grades of dry eyes

Grade of dry eye F-TBUT (s) NI-TBUT (s) p value

Mild (n = 14) 7.82 ± 0.8 6.42 ± 0.2 0.012

Moderate (n = 20) 5.43 ± 1.0 4.70 ± 0.3 0.01

Severe (n = 16) 3.12 ± 0.7 2.32 ± 1.2 \0.01

Mann–Whitney U value test

Table 3 Comparison of F-TBUT and NI-TBUT values in

each group

F-TBUT NI-TBUT p value

Cases 7.56 ± 0.5 5.78 ± 0.8 \0.02

Controls 12.92 ± 1.2 11.66 ± 1 \0.01

Mann–Whitney U value test
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optimum sensitivity and specificity of 82.2 % and

88.0 %, respectively.

Hong J. et al. [25] evaluated the efficacy of NI-

TBUT values measured using the keratograph (Ocu-

lus, Wetzlar, Germany) equipped with modified tear

film scan software in Chinese subjects. They found the

NI-TBUT values measured with the software to be

well correlating with the F-TBUT values. However,

their study did not consider clinical dry eye grading

and included moderate to severe dry eye subjects.

They found a cut-off point of 2.65 s for the NI-TBUT

to have the greatest sensitivity (84.1 %) and specificity

(75.6 %).

Mengher et al. [6] proposed that NI-TBUT may be

longer than F-TBUT as fluorescein instillation may

reduce the tear film stability [7]. Kojima et al. used

change in corneal power of more than 0.5 diopter to

determine areas of tear film instability using the TSAS

software for the TMS-2 N [23].

Notably, our study found that the NI-TBUT mea-

sured by this newly developed technique showed good

correlation with the F-TBUT. Cho P et al. did not find

good agreement between F-TBUT and NI-TBUT [32,

33]. Our study had the advantage that it also consid-

ered clinical dry eye grading as compared to previous

studies. Moreover, this study recruited patients from

the entire spectrum of dry eye disease, from mild to

severe dry eye. The study shows significant correlation

between the clinically obtained subjective OSDI

questionnaire score and objective testing by NI-TBUT

in cases of dry eye.

The originally used Tearscope for NI-TBUT mea-

surement uses a cold cathode light source which is

designed to be as far away from the eye as possible,
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Graph 3 Receiver operating characteristic graph analysis

Table 4 (a) Coordinates of the curve and (b) area under the

curve

Positive if less than

or equal to

Sensitivity 1-Specificity

(a)

1.2 0.127 0.039

2.2 0.32 0.072

4.2 0.79 0.088

5.2 0.822 0.12

6.25 0.861 0.189

8.2 0.91 0.48

9.2 1 0.921

10.2 1 1

Area Std.

error

Asymptotic

sig.

Asymptotic 95%

confidence interval

Lower

bound

Upper

bound

(b)

0.833 0.034 0.0 0.74 0.901

Estimated area coefficient value is 0.833

At cut off value of 6.2 s, the sensitivity is 86.1 % and

specificity is 81.1 %
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combined with a heat sink which draws the heat away

from the light via the handle. This design reduces any

heat related drying effect. The Tearscope can be used

with or without a slit lamp; slit-lamp observation

allows higher magnification and a more sensitive

assessment of the tear film [13]. The placido-based

topographers describe the anterior surface fluid shape

which is used to predict the actual underlying corneal

shape. The live video assessment of the placido

reflection defines when tear instability is present, but it

does not measure or quantify the degree of tear film

instability. Numerous topographer manufacturers

have therefore begun to implement algorithms to

gauge tear film quality [34]. The automated break-up

time measurements with the keratograph (Oculus,

Wezlar, Germany) have been shown to be significantly

shorter than those measured subjectively with the

Keeler Tearscope [35]. Weideman D et al. [36]

assessed non-invasive tear film assessment techniques

results using a corneal topographer (OCULUS Ker-

atograph) and its newly developed measuring software

(TF-Scan) and found that it supplies good classifica-

tion results. Sofie MJ et al. [37] evaluated NI-TBUT in

normal children and demonstrated that NI-TBUT is

greater in children in comparison to adults. In their

study, NI-TBUT and lipid layer interferometry were

performed using a Keeler Tearscope mounted on a slit

lamp. Amaechi et al. [38] studied the NI-TBUT using

Bausch and Lomb Keratometer with CAT. N0.71-21-

35 and serial No.10115YY manufactured in USA in

Nigerian adults and found that F-TBUT values were

comparable to NI-TBUT values. They concluded that

as such either of the two techniques can assuredly be

used to assess the tear film stability. The status of the

tear stability would help in selecting suitable candi-

dates for contact lens wear.

The Optikon Keratron Scout topographer used in

our study is a portable corneal topographer. Besides its

wide applications in assessing the corneal topography,

it can be used to assess the NI-TBUT by the method

mentioned in our study.

We found that due to good correlation of the NI-

TBUT values obtained in our study with the clinical

OSDI scores, the NI-TBUT values can be used to

objectively grade the severity of dry eye disease in

addition to objectively identify potential dry eye

population from the routine subjects. The NI-TBUT

values obtained by this method in addition to judging

the severity of dry eye disease can help in the

appropriate management of such patients. We found

a cut-off value of 6.2 s to give a sensitivity of 86.1 %

with a specificity of 81.1 %.

We investigated the performance of a non-invasive

technique for measuring tear film stability to aid in the

diagnosis of dry eye disease in the Indian population.

Thus, NI-TBUT can be a valuable tool in diagnosis of

dry eye and its severity, as a quick, non-invasive,

reliable and patient-friendly test. It is a useful non-

invasive objective method for the detection of dry eye

and may be useful in monitoring the efficacy of

therapies for dry eye. More studies are required to

validate our findings.
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