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Abstract

Purpose To elucidate the relationship between par-

tial blink rate (PBR) and ocular surface parameters.

Methods We conducted a retrospective cross-sec-

tional study of the patients who visited the Kim’s Eye

Hospital between March 2020 and July 2020. Blinking

dynamics, tear film lipid layer thickness (LLT), non-

invasive tear film break- up time (NITBUT), tear

meniscus height (TMH), and meibomian gland (MG)

dropout rate were assessed using the IDRA� Ocular

surface analyzer (SBM SISTEMI, Inc., Torino, Italy)

(IDRA). Dry eye symptoms were quantified by the

Standard Patient Evaluation of Eye Dryness (SPEED)

questionnaire scores.

Results A total of 47 non-Sjögren dry eye patients

(47 right eyes, mean age = 56.8 ± 14.5 [20–75]

years, 66% female) were enrolled. Among the ocular

surface parameters, PBR had strong correlations with

MG dropout rate (r = 0.811; p\ 0.01) and moderate

correlations with SPEED scores (r = 0.596;

p\ 0.01). MG dropout rate and age had moderate

correlations with SPEED scores (r = 0.416; p = 0.04

and r = 0.322; p = 0.03, respectively). Comparisons

by sex revealed no significant difference in character-

istics, except for the TMH value. The TMH of female

patients (0.17 ± 0.07) was significantly higher than

that of males (0.14 ± 0.04; p = 0.04). LLT showed no

significant correlation with the other variables.

Conclusion PBR and MG dropout rates measured

with IDRA were significantly correlated to dry eye

symptoms.

Keyword Blink � IDRA� � Interferometry � Lipid

layer � Meibomian gland dysfunction

Introduction

Dry eye disease (DED) is a multifactorial syndrome

related to impaired tear film homeostasis and ocular

surface inflammation [1]. Because of the large

discrepancy between a patient’s symptoms, the

observed signs, and the dry eye symptoms overlapping

with those of other ocular surface diseases, diagnosing

DED is difficult in practice [2]. Therefore, a new

diagnostic device using technologies such as interfer-

ometry and meibography is desirable.

The tear film consists of two phases, a lipid layer

overlying a muco-aqueous layer [3]. Tear lipids

secreted from the meibomian glands (MG) aids the

tear film maintaining its solidity [4]. Meibomian gland

dysfunction (MGD), the main cause of evaporative dry
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eye, is more frequent than aqueous-deficient dry eye

[5]. The evaluation of both the function and morphol-

ogy of MG is essential for the diagnosis of MGD [6].

Meibography can detect the morphological alterations

of MG, whereas tear interferometry permits assess-

ments of the lipid layer of the tear film. Such

assessments of MG morphology provide clinical

evidence contributing to the diagnosis of evaporative

dry eye, whereas that of the lipid layer of the tear film

allows the monitoring of MG function [7]. Blinking

can retain a dynamic balance of ocular surface tear

capacity and is important for the development and

distribution of the lipid layer [8, 9].

Various instruments evaluating DED are currently

being used [10]. The most used device is the

LipiView� II ocular surface interferometer (TearS-

cience Inc., Morrisville, NC, USA) (LVII), launched

in 2011. It provides an absolute LLT, a partial blink

rate (PBR), and an imaging of the MG. Similar to the

LVII, IDRA� Ocular surface analyzer (SBM SIS-

TEMI, Inc., Torino, Italy) (IDRA), which was released

in 2018, provides LLT, MG dropouts, non-invasive

tear break-up time (NITBUT), tear meniscus height

(TMH), and blinking pattern [11].

There was no significant difference between LVII

and IDRA in LLT measurements, PBR was measured

higher in IDRA than LVII [11]. A paper has been

reported using LVII to investigate the relationship

between partial blinking and ocular surface parame-

ters related with DED [12], but no research has

identified the correlation of PBR to other dry eye

parameters measured using IDRA.

This study aimed to elucidate the relationship

between blinking pattern and ocular surface parame-

ters by IDRA in DED patients.

Materials and methods

We conducted a retrospective cross-sectional study of

the patients who visited the Kim’s Eye Hospital

between March 2020 and July 2020 when the coro-

navirus disease 2019 (COVID-19) pandemic was

raging. By May 2020, there were more than 4 million

confirmed COVID-19 cases worldwide, with nearly

300,000 deaths [13]. There is a high risk of transmis-

sion of COVID-19 because ophthalmological practice

during both slit lamp examination and direct ophthal-

moscopy are conducted close to the patient’s face.

Therefore, our hospital made thorough efforts to

prevent infection. All patients filled out questionnaires

on fever, respiratory symptoms, and whether they

visited other countries within 14 days. In addition, a

mandatory non-contact temperature check was con-

ducted at the hospital entrance. All patients and

hospital staff were required to wear masks throughout

their stay in the hospital. Hospital staff including

doctors, nurses, and examiners washed their hands

using waterless hand sanitizer before and after contact

with patients. Participants in the study, who visited the

hospital as an outpatient, did not take the COVID-19

test because only hospitalized patients were tested.

This study received ethical approval from the

Institutional Review Board at Kim’s Eye Hospital,

Seoul, Republic of Korea (2020–08-001) and adhered

to the tenets of the Declaration of Helsinki. Consid-

ering the retrospective nature of the study and the use

of deidentified patient data, the written informed

consent was waived by the Institutional Review Board

of Kim’s Eye Hospital, Seoul, Republic of Korea. Data

of blinking dynamics, tear film LLT, NITBUT, and

MG dropout rates were assessed using IDRA.

Inclusion criteria were adult patients from 20 to

80 years old who met the following two criteria:

Standard Patient Evaluation of Eye Dryness (SPEED)

C 6 points and NITBUT\ 10 s. Patients were

excluded from the study if they were diagnosed with

supra-nuclear motor weakness influencing movements

of the eyelid, ptosis, pre-existing ocular pathology,

history of ocular surgery or trauma, history of use of

any systemic medications, with systemic autoimmune

or connective tissue disease including Sjögren syn-

drome, had a history of using a punctual plug, previous

eye infection, and contact lens usage. A single

investigator (JYJ) handled the IDRA throughout the

study. Test values of only the right eye were evaluated.

Dry eye questionnaire

DED symptoms were evaluated using the SPEED

validated questionnaire (0–28) [14, 15]. A single

ophthalmologist (KK) diagnosed DED based on the

Tear Film and Ocular Surface Society Dry Eye

Workshop II criteria, with SPEED C 6 points [16].

A previous study showed that the SPEED question-

naire was compatible with the Ocular Surface Disease

Index (OSDI) [17].
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Interferometric assessment of lipid layer thickness

The IDRA, released in 2018, is a novel device for the

specific evaluation of tear film permitting a rapid

detailed structural analysis of the tear components.

The device can analyze all layers of the tear film and

MG, allowing clinicians to determine the components

to be treated, according to the type of insufficiency.

IDRA performs a non-invasive test for approximately

5 min, and it should be incorporated between a slit

lamp and biomicroscope. Its pins have been built to fit

completely into the hole, found when the plate used for

the tonometer is eliminated. The participants sat

comfortably using a chin holder and were asked to

look at the camera with natural blinking of their eyes.

Videos can be recorded for a few seconds, with the

adjustment of the recording time according to the

convenience of the clinician. In this study, it was

recorded for 20 s to proceed. The device projects

white light over the cornea, and the light reflected from

the tear film can be observed as a white fan-shaped

area covering the lower third of the cornea. The

automatic interferometry IDRA test detected the

interference of colors from the lipid layer on the tear

film. It determined the average, maximum, and

minimum LLT using the international grade scale

with the thicknesses related to each grade of the lipid

layer pattern (Fig. 1) [18, 19]. Depending on the

patterns, the grades were converted to nanometers and

could be classified between 15 and 100 nm. Like

LVII, IDRA has an upper cutoff of 100 nm [16].

MG dropout measurement

The LVII only produces MG dropout results on the

image. In contrast, IDRA calculated the MG dropout

rate of lower lid in the resulting item (Fig. 2a). The

dropout rate was calculated as a percentage by

dividing the non-glandular zone by the total visible

area of the lower lid [20].

Fig. 1 a Image about lipid layer thickness (LLT) of 58 years

old male patient taken with the IDRA�. b Compared to the

image of LipiView� II, there are smaller areas that can be

identified by interferometry. In this patient, the LLT values were

measured by IDRA� as follows: average 68 nm, maximum

85 nm, and minimum 58 nm

Fig. 2 a IDRA� image shows meibomian gland (MG) dropout

of 40 years old male patient. The lower eyelids were turned over

and MGs were observed using an infrared transmitting filter,

meibomian glands are apparent as areas of high reflectivity.

IDRA� automatically calculates the dropout rate of MGs, and

this patient came out at 45%. As IDRA� calculates the

remaining part of meibomian glands, so to subtract the dropout

ratio, it was written as the value subtracted from 100. b IDRA�
image about blinking pattern of 72-year-old female patient. It

shows a partial blink 2 times per 20 s, total blink 7 times per

20 s, and partial/total blink ratio 0.29
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Blinking pattern measurement

Participants were asked to blink freely. IDRA auto-

matically detects and analyzes blink rate and quality

using recorded video (Fig. 2b). It is numerically

displayed the number of complete and partial blinks

and blink frequencies. Each stage in the blinking cycle

was measured and recorded during the examination

(Fig. 2B), and the partial blinks were defined as blinks

without touching the upper and lower eyelids [12].

NITBUT and TMH

IDRA can determine NITBUT by using the projected

ring patterns from a Placido’s disk onto the cornea.

NITBUT evaluates the stability of the tear film by

measuring the time from the full blink to the presence

of the first disruption of the reflected image on the

cornea in seconds. Participants were required to blink

twice and then keep their eyes open as long as

possible. IDRA can also measure TMH, which can be

recorded non-non-contactinvasively in a flash by

taking a photograph. The device can detect the upper

and lower tear meniscus and evaluate the TMH along

the lower lid margin in the photograph.

Statistical analysis

Data were analyzed with the IBM Statistical Package

for the Social Sciences (SPSS) version 22 (Chicago,

USA), and a p value of\ 0.05 was considered

statistically significant. Continuous variables were

presented as means ± standard deviation. Statistical

analyses were performed using linear regression

analysis, Pearson correlation analysis, and Student’s

t tests. Pearson correlation analysis and linear regres-

sion analysis were used to evaluate the correlation

between the SPEED scores and ocular surface data

obtained by IDRA. Correlations of each value were

analyzed with the Pearson correlation coefficient (r).

Student’s t tests were used to compare ocular surface

data between males and females.

Results

Fifty-seven patients with dry eye were recruited.

Among them, 10 patients with LLT C 100 nm were

excluded. This could not be precisely calculated as

IDRA has an upper cutoff of 100 nm. We finally

enrolled 16 men and 31 women (mean age = 56.8 ±

14.5 [21–79] years) in our study. Mean age, spherical

equivalent, non-contact tonometry measurements, and

central corneal thickness are listed in Table 1. Com-

parisons by sex revealed no significant difference in

characteristics, except for the TMH value. The TMH

Table 1 Clinical evaluations and measurements of the ocular

surface in patients with non-Sjögren dry eye disease

Variable Value

Age, years (range) 56.8 ± 14.5

(21 * 78)

Sex, n (%)

Female 31 (66%)

Clinical evaluation for DED

SPEED score 12.53 ± 5.33

NITBUT, seconds 8.22 ± 1.23

TMH, mm 0.16 ± 0.06

MG dropout rate (%) 42.47 ± 27.78

Clinical evaluation about LLT

Average LLT (nm) 75.45 ± 12.19

Maximum LLT (nm) 85.53 ± 13.33

Minimum LLT (nm) 66.11 ± 13.99

Clinical evaluation about blink dynamics

Number of partial blinks (times/20 s) 1.47 ± 1.97

Number of complete blinks (times/

20 s)

4.62 ± 2.37

Number of total blinks (times/20 s) 6.09 ± 2.91

Partial blink rate (%) 0.22 ± 0.24

SPEED, standard patient evaluation of eye dryness validated

questionnaire (0–28); NITBUT, Non-invasive tear break-up

time; TMH, Tear meniscus height; nm, nanometer; Number of
partial blinks, number of partial blinks per 20 s; Number of
complete blinks, number of total blinks minus partial blinks;

Number of total blinks, number of total blinks per 20 s; MGD
meibomian gland dysfunction

Data are presented as the mean ± SD

cFig. 3 a Pearson correlation scatter plot for partial blinking rate

and meibomian gland dropout rate. It showed significant

correlations (Spearman’s r = 0.811, p\ 0.01). b Pearson cor-

relation scatter plot for partial blinking rate and Standard Patient

Evaluation of Eye Dryness (SPEED) questionnaire scores. It

showed significant correlations (Spearman’s r = 0.596,

p\ 0.01). c Pearson correlation scatter plot for SPEED scores

and meibomian gland dropout rate. It showed significant

correlations (Spearman’s r = 0.416, p = 0.04)
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of female patients (0.17 ± 0.07) was significantly

higher than that of males (0.14 ± 0.04) (p = 0.041).

Looking at the clinical dry eye parameters of the

patients, the average SPEED score was 12.53 ± 5.33

points, average NITBUT measured by IDRA was

8.22 ± 1.23 s, and TMH was 0.16 ± 0.06 nm. The

mean value of average LLT measured was

75.45 ± 12.19 nm, and mean value of maximum

LLT was 85.53 ± 13.33 nm, and mean value of

minimum LLT was 66.11 ± 13.99 nm. The mean

values of blink dynamics are shown in Table 1.

There was no significant relationship between LLT

and SPEED or the MG dropout rate. Among the ocular

surface parameters, PBR had strong correlations with

the MG dropout rate (r = 0.811; p\ 0.01) and

moderate correlations with SPEED scores

(r = 0.596; p\ 0.01) (Fig. 3a and 3b). The MG

dropout rate had moderate correlations with SPEED

scores (r = 0.416; p = 0.04) (Fig. 3c). The results of

correlations between ocular surface parameters,

SPEED questionnaires, and blinking parameters are

summarized in Table 2.

Discussion

In our study, PBR was correlated with the MG dropout

rate and SPEED score. The MG dropout rate corre-

lated with the SPEED score. It is the first study to

assess the relationship between blinking patterns and

ocular surface parameters measured by IDRA. Many

aspects, such as ocular surface disorders, psycholog-

ical status, and systemic diseases, may affect the

blinking rate [21]. Blinking serves a vital function in

preserving moisture and unity of the lipid layer’s

ocular surface and extending the tear lipids [22].

Inadequate lipid distribution may occur, which may

increase evaporation with a rise in partial blinking

[23]. This is associated with TBUT and MGD,

possibly through its contribution to MG obstruction

and subsequent loss of tear film homeostasis [12].

Right blinking and stability of tear film are critical

elements in the protection of the ocular surface [23].

Previous studies have shown that the volume of the

lipid layer is correlated to the number and function of

MGs [24]. LLT and PBR are significantly related to

DED symptoms [23]. When comparing for LLT, the

field of the white light projected to cause interference

of colors is directed at the lower third of the cornea,

approximately 1 mm above the inferior tear meniscus,

in LVII [16], while it is directed slightly higher,

approximately 2 mm above the inferior tear meniscus,

in IDRA (Fig. 1).

A study in DED patients showed that increased age

was positively associated with LLT [25]. In a retro-

spective analysis of 153 patients, SPEED values

showed a significant correlation with age and LLT

[15]. Like this study, SPEED scores were correlated

with age. However, there was no statistically signif-

icant correlation between SPEED values and LLT in

our study. This might be because of the small number

of participants in our study or because of the charac-

teristics of IDRA.

Figure 2 shows the MG dropout display of an MGD

patient. The lower eyelids were turned over and MGs

were observed using an infrared transmitting filter,

while MGs were apparent as areas of high reflectivity.

IDRA automatically calculates the dropout rate of

MGs. As IDRA calculates the remaining part of the

Table 2 Correlation between SPEED questionnaire scores and

ocular surface parameters measured by IDRA� Ocular surface

analyzer (SBM SISTEMI, Inc., Torino, Italy)

Parameters Versus SPEED Versus MGDR

r p r p

Age 0.322 0.031* 0.121 0.438

TMH 0.254 0.094 0.129 0.418

NITBUT 0.092 0.559 -0.013 0.958

Average LLT 0.223 0.144 0.072 0.659

Maximum LLT 0.134 0.378 0.056 0.737

Minimum LLT 0.121 0.436 0.051 0.762

Partial blinks 0.542 \ 0.01* 0.627 \ 0.01*

Complete blinks -0.192 0.192 - 0.442 \ 0.01*

Total blinks 0.204 0.169 0.093 0.546

Partial blink rate 0.596 \ 0.01* 0.811 \ 0.01*

MGDR 0.416 0.04*

NITBUT, Non-invasive tear break-up time; TMH, Tear

meniscus height; nm, nanometer; Partial blinks, number of

partial blinks per 20 s; Number of complete blinks, number of

total blinks minus partial blinks; Number of total blinks,
number of total blinks per 20 s; LLT, lipid layer thickness;

SPEED, standard patient evaluation of eye dryness validated

questionnaire (0–28)

r, Pearson correlation coefficient, - 1 B r B 1. The

correlation was statistically analyzed by linear regression

*Indicate statistically significant association (p\ 0.05).

MGDR meibomian gland dropout rate
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MGs to subtract the dropout ratio, it was written as the

value subtracted from 100. IDRA recognizes alter-

ations of the light intensity across the surface and

compensates for the variations in lid thickness

between participants through the illumination attached

to the lid everter, known as the adaptive transillumi-

nation. This transillumination also forms shadows on

areas where MGs are located; thus, any glands located

below the visible exterior or at the suboptimal

positions may be seen with the illumination.

IDRA has the advantage of being able to conduct

tests for various ocular surface parameters with one

equipment. The measurement of LLT through auto-

interferometry along with that of TMH, auto-NIBUT,

blinking quality, meibography, and bulbar redness

classification is feasible. In addition, white-to-white

measurement and pupillometry are possible with this

device.

There are several limitations in interpreting the

results of our study. First, the relatively small number

of participants included in the study may have

influenced the results. Second, the study subjects were

homogenous, consisting only of the Korean popula-

tion. Future studies needed to verify whether other

races have the same results in a larger number of

participants. Despite the limitations, we believe that

our results showed a clear correlation between ocular

surface parameters of the IDRA.

In conclusion, PBR was correlated with the MG

dropout rate and SPEED score. The MG dropout rate

correlated with the SPEED score. IDRA has the

advantage of being able to conduct tests for various

ocular surface parameters with one equipment.
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