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ABS TRACT Objective: To determine the correlation of non-invasive tests with 
conventional tear function tests in dry eye patients. Material and Methods: One 
hundred and twenty-two eyes of 61 patients over 18 years old who applied to Ça-
nakkale Onsekiz Mart University School of Medicine, Department of Ophthal-
mology with dry eye were included in the study. After general ophthalmological 
examination including best corrected visual acuity, biomicroscopic examination, 
non-invasive methods like Ocular Surface Disease Index (OSDI) scoring, tear os-
molarity, non-invasive tear break-up time (NI-TBUT) measurement with Sche-
impflug topography, meibomography, and measurement of the lower lid meniscus 
height (TMH) with optical coherence tomography were performed. After non-in-
vasive tests, conventional tear function tests like Schirmer test, TBUT, cornea 
and conjunctiva staining were applied respectively. Results: A positive correla-
tion was found between NI-TBUT and conventional TBUT (p<0.01 Spearman’s 
rho: 0.473). TBUT was found to be positively correlated with Schirmer test and 
negatively correlated with corneoconjunctival staining (p<0.01 Spearman’s rho: 
0.393, rho:-0.418). Schirmer test results were correlated positively with TMH and 
negatively correlated with OSDI scoring and corneoconjunctival staining (p<0.05 
Spearman’s rho: 0.181; p<0.05 Spearman’s rho:-0.214; p<0.01 Spearman’s rho:-
0.394). Tear osmolarity test results and meibomography did not correlate with 
any test. Conclusion: The non-invasive and objective measurement of NI-TBUT 
may be a better diagnostic modality than TBUT for dry eye patients. Tear osmo-
larity and meibomography were not significant for diagnosis of early stage dry eye 
patients. 
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ÖZET Amaç: Kuru göz hastalarında, noninvaziv testlerin, konvansiyonel gözyaşı 
fonksiyon testleri ile korelasyonunu araştırmak. Gereç ve Yöntemler: Çanakkale 
Onsekiz Mart Üniversitesi Tıp Fakültesi Göz Hastalıkları Anabilim Dalına 
başvuran ve kuru gözü olan 18 yaşından büyük 61 hastanın 122 gözü çalışmaya 
alındı. Hastalara en iyi düzeltilmiş görme keskinliği ölçümü, biyomikroskobik ve 
oftalmoskopik muayeneyi içeren genel oftalmolojik muayene sonrasında sırasıyla 
noninvaziv yöntemler olan, “Ocular Surface Disease Index (OSDI)” anketi, 
gözyaşı ozmolaritesi ölçümü, Scheimpflug topografi ile noninvaziv gözyaşı kırılma 
zamanı (Nİ-GKZ), meibomografi ve optik koherens tomografi ile alt kapak gözyaşı 
menisküs yüksekliği (GMY) ölçüldü. Noninvaziv yöntemler sonrasında sırasıyla 
geleneksel gözyaşı fonksiyon testleri olan Schirmer testi, GKZ, kornea ve 
konjonktivanın boyanması yapıldı. Bulgular: Nİ-GKZ ile GKZ arasında pozitif 
korelasyon saptandı (p<0,01 Spearman’ın rho: 0,473). GKZ’nin Schirmer testi ile 
pozitif, korneal boyanma ile negatif korelasyonu olduğu saptandı (p<0,01 
Spearman’ın rho: 0,393; rho: -0,418). Schirmer testi, GMY ile pozitif, OSDI skoru 
ve korneokonjonktival boyanma ile negatif korele idi (p<0,05 Spearman’ın rho: 
0,181; p<0,05 Spearman’ın rho: -0,214; p<0,01 Spearman’ın rho: -0,394). Gözyaşı 
ozmolaritesi ve meibomografi testlerinin hiçbir testle korelasyon göstermediği 
tespit edildi. Sonuç: Nİ-GKZ, noninvaziv ve objektif bir ölçüm olması sebebiyle, 
kuru göz hastalarında GKZ’den daha iyi bir tanısal yöntem olabilir. Gözyaşı oz-
molaritesi ölçümü ve meibomografi sonuçları özellikle erken evre kuru göz 
hastalarının tanısında anlamlı bulunmamıştır. 
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According to the International Dry Eye Work-
shop (DEWS) report in 2017, dry eye is a “multifac-
torial disease of the ocular surface characterized by 
loss of homeostasis of the tear film”. The etiology in-

cludes tear film instability and the disease is accom-
panied by ocular symptoms affected by hyperosmo-
larity, ocular surface inflammation and injury, and 
neurosensorial abnormalities.1 Studies have reported 
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incidence from 5 to 50% according to age, gender and 
race.1-4 

Diagnosis of dry eye disease is made with anam-
nesis and examination findings, but there is no single 
gold standard method and diagnosis is only made 
with a combination of many tests. In recent years, the 
use of less invasive or even non-invasive methods to 
research tear film layers have come to the agenda, 
with these methods revealed to assess the tear film 
layer as closely as possible to the “physiological” 
state. Many traditional tests are invasive and this af-
fects the results. Thus, there is a need for easily ap-
plicable and high-reliability non-invasive tests for dry 
eye diagnosis. 

A variety of studies researched non-invasive 
methods such as surveys, tear meniscus height 
(TMH) and area, non-invasive tear break-up time 
(NI-TBUT), tear osmolarity and meibomius gland 
imaging in recent years.1,5-9 

In our study, we aimed to assess the correlations 
between non-invasive tests and invasive test results to 
reveal the place of non-invasive methods for diagno-
sis of dry eye disease. 

 MATERIAL AND METHODS 

This prospective study received permission from 
Çanakkale Onsekiz Mart University local ethics 
committee (number 2011-KAEK-27/2016-E.21549) 
and written informed consent was obtained from 
each subject. The study was performed by adher-
ence to the Declaration of Helsinki. The study in-
cluded 122 eyes of 61 patients aged 18 years and 
older, with Schirmer test results <10 mm, break-up 
time score <10 mm and Ocular Surface Disease 
Index (OSDI) score >13, who signed an informed 
consent form. The cases were admitted to Çanakkale 
Onsekiz Mart University Faculty of Medicine, Oph-
thalmology clinic with complaint of dry eyes (sting-
ing, burning, watering, feeling of foreign body in 
the eye) and were not using any treatment. Those 
with active ocular infection or allergies, eyelid de-
formity or movement disorder, blepharitis and his-
tory of lacrimal stenosis surgery and those treated 
with diuretics, antidepressants, or antihistamine 
drugs were not included in the study.  

After general ophthalmological examination in-
cluding best corrected visual acuity (BCVA), biomi-
croscopic examination, patients had the non-invasive 
methods of OSDI survey, tear osmolarity measure-
ments, NI-TBUT, meibomography and lower lid 
TMH measurements performed. After non-invasive 
methods, all patients had the invasive and conven-
tional diagnostic methods of Schirmer test, TBUT, 
corneal and conjunctival staining applied.  

The OSDI survey, which is a 12-question survey 
assessing ocular irritation symptoms linked to dry eye 
and functions related to vision, questions ocular 
symptoms, environmental stimuli and vision-related 
functions. The subject marks the relevant severity 
from 0 (never) to 4 (all the time) and total OSDI score 
is calculated as follows; 

OSDI=[(total score for all questions answered) 
x100]/[(total number of questions answered)x4].  

The OSDI score has a maximum value of 100 
and a minimum of 0.10 

For tear osmolarity measurement, a 50-nL tear 
sample was taken from the lower lid lateral tear 
meniscus without touching the eye with a tear lab de-
vice (TearLab Osmolarity System (TearLab Corpo-
ration, San Diego, CA). TMH was measured with an 
optical coherence tomography (OCT) device (Cirrus 
HD-OCT, Carl Zeiss Meditec, Dublin, CA) immedi-
ately after the patient blinked. The height of the tear 
pooling on the lower lid was measured without con-
tact and recorded (Figure 1). Before measurement, 
the patient was asked to look at a target in primary 
position, with the patient asked to blink before each 
measurement and three measurements taken for each 
eye. For measurement, sections were taken at the cen-
ter of the lower eyelid vertically through the lower 
cornea. The tear height (µm) was calculated vertically 
at the point where the lower eyelid and cornea joined. 
The result was recorded as the mean of three mea-
surements in microns. 

The TBUT for the patient was first determined 
with the non-invasive method. The patients placed 
their chin and forehead on a Sirius topography (Sir-
ius Scheimpflug Camera System, Schwind, Kleinos-
theim, Germany) device and were then asked to look 
in the primary position opposite and recordings were 
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taken with a videokeratoscope. For this test, the shape 
formed by the lines cutting the eye surface is reflected 
and the duration until the reflected lines break-up, 
gives the TBUT (Figure 2). If this duration is less 
than 10 seconds, it is assessed in favor of dry eye dis-
ease. 

Meibomius gland imaging was again performed 
with a Sirius topography device. The patient’s lower 
eyelid was everted and the meibomius glands were 
imaged with infrared light. The whole of the tarsal re-
gion was marked with a program included in the soft-
ware of the device and the regions of the visible 
meibomius glands were marked again. The propor-
tion of these two areas to each other was recorded as 
a percentage (Figure 3). 

After the non-invasive tests, topical anesthesia 
was used for TBUT using fluorescein drops. The pa-
tient was requested to blink once and then requested 

to keep their eyes open. The cornea was viewed with 
a biomicroscope under cobalt blue light, and the time 
from the last blink to the first black point forming on 
the cornea was recorded as tear film break-up time. If 
this duration is less than 10 seconds, it is assessed in 
favor of dry eye. 

The Schirmer test assesses basal and reflex se-
cretions when topical anesthesia is not administered. 
Whatman filter paper with 5x35 mm size is placed in 
the region of the lower eyelid at the junction of 1/3 
central and 1/3 outer lines on the lower conjunctival 
fornix. Five minutes later the amount of wetness is 
expected to be a minimum of 10 mm. 

Then the patients had corneoconjunctival stain-
ing score measured. After staining with fluorescein, 
scoring was placed from 0 to 3 according to the Ox-
ford scale. Oxford scoring was made as follows; 

0: No staining, 1: occasional point staining of 
less than 1/3 of the cornea. 

2: Moderate staining between stage 1 and 3, 3: 
widespread staining involving more than half of the 
cornea. 

In our study, an Oxford score of 1 and above was 
accepted as abnormal. 
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FIGURE 1: Tear meniscus height was measured by optical coherence tomography 
(OCT) (Cirrus HD-OCT, Carl Zeiss Meditec, Dublin, CA) device.

FIGURE 2: The non-invasive tear break-up time measured by Sirius topography 
(Sirius Scheimpflug Camera System, Schwind, Kleinostheim, Germany) device.

FIGURE 3: Meibomius gland imaging performed with Sirius topography (Sirius 
Scheimpflug Camera System, Schwind, Kleinostheim, Germany) device.



STATISTICAL ANALYSIS 

The data obtained in this research were analyzed with 
the SPSS 20.0 statistical program. Variables are 
shown as mean±standard deviations. Comparisons 
and correlations between tear osmolarity measure-
ment, meibomian gland imaging, tear meniscus mea-
surement with OCT and TBUT determined with a 
keratoscope and the conventional diagnostic methods 
of the Schirmer test, corneal fluorescein staining, and 
TBUT with fluorescein were assessed. p<0.05 was 
accepted as statistically significant. 

 RESULTS 

The study included 50 (82%) females and 11 (18%) 
males for a total of 122 eyes of 61 dry eye patients. 
The mean age of the patients was 51.5±12.8 years. 
For all tests, there were no significant differences be-
tween the right and left eyes. The results of parame-
ters measured are shown in Table 1. 

CORRELATIONS 

Ocular Surface Disease Index  

OSDI survey results were negatively correlated with 
the Schirmer test with no correlation identified with 
any other test (Spearman’s rho:-0.214, p<0.05). The 
mathematical absolute average of the Spearman’s rho 
correlation values for the OSDI test was calculated 
as 0.095. 

Tear Osmolarity Test Results 

The mean tear osmolarity of eyes included in our 
study was found to be 286.5±24.6 mOsm/L. Tear os-
molarity was not correlated with any test. The math-
ematic absolute mean of the Spearman’s rho 

correlation value for osmolarity measurement was 
calculated as 0.107. 

Tear Break-Up Time Assessment Results 

The mean conventional TBUT of eyes included in the 
study was 6.4±2.7 seconds. The TBUT was positively 
correlated with NI-TBUT, Schirmer test and corneal 
staining (Oxford score) (Spearman’s rho: 0.473, 
p<0.01; rho: 0.393, p<0.01; rho: 0.418, p<0.01, re-
spectively). The mathematical absolute mean of the 
Spearman’s rho correlation value for invasive TBUT 
was calculated as 0.248. 

Non-invasive Tear Break-up Time Assessment Results 

The mean NI-TBUT for eyes included in the study 
was 5.9±3.0 seconds, and NI-TBUT was positively 
correlated only with TBUT (Spearman’s rho: 0.473, 
p<0.01). The mathematical absolute mean of the 
Spearman’s rho correlation values for invasive TBUT 
was calculated as 0.188. 

Tear Meniscus Height Measurement with  
Optical Coherence Tomography 

The mean TMH measured with OCT-anterior seg-
ment module was 136.7±44.5 microns. The TMH 
values were positively correlated only with the 
Schirmer test (Spearman’s rho: 0.181, p<0.05). The 
lowest meniscus height was 65 microns while the 
highest was 302 microns. The mathematical absolute 
mean of the Spearman’s rho correlation values for 
mean TMH was calculated as 0.104. 

Meibomography Assessment Results 

The mean meibomian gland percentage of eyes in-
cluded in our study was 50.1%±13.2%. This percent-
age was not correlated with other tests and the 
mathematical absolute mean for Spearman’s rho cor-
relation values was calculated as 0.100. The lowest 
percentage was 27% and highest percentage was 
82%. 

Schirmer Test Assessment Results 

The mean Schirmer test value for eyes included in the 
study was found to be 7.6±2.7 mm. The Schirmer test 
was positively correlated with invasive TBUT and 
mean TMH (Spearman’s rho: 0.393, p<0.01; rho: 
0.181, p<0.05, respectively). 
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Mean Minimum Maximum 
NI-TBUT (s) 5.9 1 9 
TBUT (s) 6.4 1 9 
Schirmer (mm) 7.6 2 10 
Tear osmolarity (mOsm/L) 286.5 275 302 
OSDI score 50.76 12 83 
TMH (µ) 136.7 65 302 
Meibomography (%) 50.1 27 82

TABLE 1:  Results of parameter measurements.

NI-TBUT: Non-invasive tear break-up time; TBUT: Tear break-up time; s: Second; 
OSDI: Ocular Surface Disease Index Score; TMH: Tear meniscus height.



As expected, the Schirmer test showed a nega-
tive correlation with corneal staining and OSDI 
(Spearman’s rho: -0.394, p<0.01; rho: -0.214, p<0.05, 
respectively). The mathematical absolute mean of the 
Spearman’s rho correlation values for the Schirmer 
test was calculated as 0.242. 

Ocular Surface Staining Assessment Results 

Of the 61 patients included in the study, 120 eyes of 
60 patients had corneoconjunctival staining per-
formed. One patient stated that she had staining per-
formed before in another clinic and did not wish to 
do it again due to feeling pain. Staining patterns were 
investigated according to the Oxford scale and pa-
tients were assessed from zero to four for clinical 
staging. Accordingly, 56 eyes (40.3%) were “stage 
0”; 42 eyes (30.2%) were “stage 1”; 12 eyes (8.6%) 
were “stage 2”; 7 eyes (5%) were “stage 3” and 3 
eyes (2.2%) were “stage 4”. Corneal staining showed 
a negative correlation with invasive TBUT and 
Schirmer test (Spearman’s rho: -0.418, p<0.01; rho: 
-0.394, p<0.01, respectively). The mathematical ab-
solute mean of the Spearman’s rho correlation values 
for corneal staining was calculated as 0.227.  

 DISCUSSION 

The incidence of dry eye syndrome has reported rates 
of 5% to 50% depending on age, gender and race.1-3 
DEWS report suggests that the presence of dry eye 
symptoms is needed to confirm dry eye diagnosis.2 
Although dry eye symptoms are commonly observed, 
there is frequently an inconsistency between clinical 
findings and severity of symptoms causing difficul-
ties in the diagnosis, treatment and monitoring of the 
disease.11,12 

The literature indicates that the symptoms and 
history of disease are important components, and 
symptoms should generally be assessed in combina-
tion with objective tests.1,2 These tests should be per-
formed in a standardized manner and with a defined 
pattern in terms of obtaining accurate results, mak-
ing correct diagnoses and assessing the efficacy of 
treatment. 

In the current study, we first applied the OSDI 
survey to all patients. This test is important as it con-

siders the patient’s subjective complaints along with 
environmental factors.5,6,13 The mean OSDI score in 
our study was 50.76. A study by Schiffman et al. re-
searching the reliability and validity of the OSDI sur-
vey reported the OSDI score was 10 or less for 
normal individuals, >21 for patients with mild-mod-
erate dry eyes, and 36 and above for patients with 
severely dry eyes.10 Another study assessing the cor-
relation of the OSDI score with other tests found an 
OSDI score >15 had 79.5% sensitivity and 70% 
specificity for dry eyes.8 The positive correlations of 
OSDI score with ocular staining score and tear os-
molarity and negative correlations with Schirmer and 
TBUT in our study are expected results due to the 
pathophysiology of dry eye disease. Similar to our re-
sults, Schiffman and Tuisku et al. identified negative 
correlations between OSDI and the Schirmer test.10,14 
Schmidl et al., reported a negative correlation be-
tween OSDI survey and TMH.15 

Lemp et al., in a study in 2011 reported tear os-
molarity had 72.8% sensitivity and 92% specificity 
for dry eye diagnosis. The same study reported the 
specificity of corneal staining was 54%, meibomian 
gland loss was 60.3%, TBUT was 45.3% and Schirmer 
test was 50.7%.9  

In the literature, the threshold value for tear os-
molarity is reported from 305 to 316 mOsm/L.16,17 A re-
view related to osmolarity published by Potvin et al. in 
2015 investigated 163 studies and determined 32% had 
high quality in terms of sample size, randomization and 
control group.17 Of the studies included in the review, 
73% reported that tear osmolarity had positive effect 
on dry eye diagnosis, 17% reported that it had no sig-
nificant effect on diagnosis and 10% stated it had a neg-
ative effect on diagnosis.17 Some studies reported that 
tear osmolarity is affected mostly by the severity of the 
disease.11,16 

In our study, tear osmolarity was minimum 275, 
maximum 302 and mean 286.5 mOsm/L, contrary to 
the means in these studies. Due to these results, we 
tested our osmolarity device and test solutions between 
cases with solutions with high and low osmolarities to 
be sure that our device was working correctly. We also 
identified tear osmolarity was not correlated with any 
other test. We think this result may be due to our dry 
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eye patients having mild and moderate severity. Some 
studies have reported overlap between osmolarity mea-
surement results of dry eye patients and normal indi-
viduals. They reported this result may be a limitation 
for the use of the osmolarity test for dry eye diagno-
sis.18,19 The correlation between tear osmolarity and 
other diagnostic tests strengthens as the severity of dry 
eye increases.9 Another review related to tear osmolar-
ity reported a weak correlation between tear osmolarity 
and other tear function tests, similar to our results.17  

In the literature, there are studies showing tear os-
molarity is high for dry eye patients, while there are 
also studies showing normal or hypoosmolarity.9,11,20-24 
We associate this result with the possibility of different 
osmolarity values of the tear as being hypoosmolar, 
isoosmolar or hyperosmolar, which is presented in dif-
ferent subtypes of dry eyes with different pathophysio-
logical mechanisms. 

We did not identify any correlation between tear 
osmolarity and symptoms, corneal staining and other 
objective tests. Studies by Messmer et al. and Yang et 
al., also reported no correlation between tear osmolar-
ity and symptoms and other objective tests, similar to 
our study.18,25 

The oldest method used for dry eye diagnosis, the 
Schirmer test, showed positive correlations with TBUT 
and TMH measured with OCT. The Schirmer test also 
showed negative correlations with corneal staining and 
OSDI. A study by Kim et al. identified a strong corre-
lation between the Schirmer test and tear osmolarity, 
TBUT, Rose Bengal and Lissamine green staining and 
the McMonnies test score for patients with Sjögren syn-
drome.26 

In our study, we identified that the test with most 
correlations to other tests was the Schirmer test. Con-
trary to our result, in a study evaluating the correlations 
between dry eye tests, Sullivan et al. reported they did 
not identify any correlation between the Schirmer test 
with OSDI, tear osmolarity, TBUT and corneal stain-
ing.7 

The Oxford staging scale frequently used for cor-
neoconjunctival staining score is a staging system eval-
uating dry eye. In our study, 120 eyes of 60 patients, 
out of 61, had corneoconjunctival staining patterns as-
sessed according to the Oxford scale with patients eval-

uated from zero to four. According to these results, the 
majority of our patients were revealed to be early stage 
dry eye patients. In spite of this, corneoconjunctival 
staining scores in our study showed a negative correla-
tions with TBUT and Schirmer test, as expected.  

In dry eye patients, the destabilized tears increase 
the contact between the cornea and air in the advanced 
period and cause epithelial defects. Fluorescein stains 
the cavities between cells, while sturdy epithelium nor-
mally prevents passage of the water-soluble fluorescein 
into the stroma.27 As a result, corneal staining is not suf-
ficient alone to diagnose dry eyes especially in the early 
stage.20 Sullivan et al. reported no correlation between 
corneal staining and other dry eye tests.7 Staining alone 
may be insufficient to differentiate people with dry eyes 
from healthy individuals, especially in the early stages 
of dry eye. 

In our study, the mean TBUT measurement was 
6.6±2.7 seconds, and it is found to show positive cor-
relations with NI-TBUT, the Schirmer test and corneal 
staining. We think NI-TBUT can be applied instead of 
TBUT due to this positive correlation, the ease of ap-
plication, and allowing monitoring dry eye with a quan-
titative value. 

A study researching the epidemiology of dry eye 
revealed that, dry eye progressing with shortened 
TBUT is more common compared to other dry eye 
types.28 This result reveals the importance of TBUT in 
diagnosis. 

As the most encountered type of dry eye is mainly 
occurred due to increased evaporation, the Asia Dry 
Eye Society consensus published in 2017 stated that 
dry eye may be diagnosed only by assessing symptoms 
and with shortened TBUT.29 The first non-invasive ap-
proach for the diagnosis of dry eye was initially pro-
posed by Lamble et al. in 1976 by projecting a grid 
pattern onto the tear film surface of rabbit corneas and 
observing the distortion after blinking.30 In our study 
NI-TBUT was measured with a modified topographic 
system, and NI-TBUT was found to correlate with con-
ventional TBUT results. There was no correlation be-
tween NI-TBUT and TMH measured with OCT. 
During NI-TBUT measurement, patients were re-
quested to blink their eyes for a time. There are studies 
showing a changing effect on tear dynamics due to de-
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layed blinking and reflex tearing that occurs during this 
time.31,32 From this perspective, we think the lack of    
correlation between TMH measured with OCT and   
NI-TBUT may be related to delayed blinking and  
reflex tearing.  

In the current study, TMH was found to be posi-
tively correlated only with Schirmer test. The positive 
correlation between these two tests assessing tear 
amounts is an expected result, while there may be false 
positive results from the Schirmer test due to being an 
invasive method causing reflex tear secretion. A study 
assessing the correlation between objective and subjec-
tive dry eye disease tests identified a positive correlation 
between TMH and TBUT, OSDI and corneal stain-
ing.33 Another study researching the correlation be-
tween TMH and conventional dry eye tests found 
that TMH was correlated with the Schirmer test but 
not correlated with OSDI.34 Another study found 
the sensitivity and specificity of TMH measurement 
with OCT were 80.56% and 89.33%, respectively, 
and identified the expected negative correlation be-
tween TMH and OSDI.35 Oguz et al., in their study 
evaluating the correlation of TMH  and tear menis-
cus curve radius, reported a mean TMH value of 
190±90 microns which is measured by a slit lamp 
equipped with a micrometer without instillation of 
flourescein. The mean TMH in the current study 
was 136.7±44.5 microns as mesured by OCT. The 
tracking system in OCT may be the reason for the 
difference, as OCT allowed measuring TMH even 
at smaller volumes where measurement with mi-
crometer could not be facilitated due to nonvisible 
tear meniscus in some patients.36 Infrared meibo-
mography observes normal meibomian glands as 
grape-like clusters providing hypoillumination, 
while the ductus and tarsus below are hyperillumi-
nous.37,38 

The meiboscore was defined by Arita et al. in 
2008 and is based on showing the partial presence 
or total absence of the meibomius gland. The lost 
area is given as a proportion of the total eyelid area 
to produce a numerical score.39 Assessment is (0): par-
tial gland or no loss of gland on the eyelid, (1): glands 
are present on <33% of eyelid area, (2): glands are pre-
sent in 33-66% of the eyelid, (3): glands are present in 
>66% of the assessed area.39 

This scoring system is noteworthy for ensuring 
both image analysis and data digitization in a single 
value and shows variations in the meibomian gland 
structure.39 In our study, the meibomian gland loss was 
mean 50.1% for the eyes included in our study. This rate 
is very high for our patients who were mainly in the 
early stage of dry eye. In the literature there is very lit-
tle data related to the meiboscore. Meibomian gland in-
vestigation in healthy young people identified that, 29% 
of individuals had ≥20% gland atrophy. Only 13% of 
participants had atrophy score of 0, with 87% of partic-
ipants reported to have atrophy from 1 to 100%.40 

In our study, we did not identify any correlation 
between meibomian gland loss and all other tear func-
tion tests. Sullivan et al., similarly, reported no correla-
tion between meibomian gland assessment and other 
objective tests as in a study by Meadows et al.7,41  

 CONCLUSION  
Though the pathogenesis, classification and features 
of dry eye syndrome are very well known, there is no 
consensus about which reproducible, easy and objec-
tive method has sufficient specificity and sensitivity 
to use for diagnosis. While some of the tests in our 
study were correlated, the majority were not. These re-
sults are consistent with the possibility of reflecting dif-
ferent subtypes of dry dye disease with different 
mechanisms and each clinical finding is recommended 
as they provide different information about the state of 
the ocular surface.  

Among all tests, the Schirmer test had positive 
correlations with TBUT and TMH, and negative corre-
lations with corneoconjunctival staining and the OSDI 
survey. As NI-TBUT is correlated with TBUT, it may 
be used instead of TBUT in appropriate patients. No 
test was correlated with osmolarity. TMH may be cho-
sen in terms of non-invasive approaches, though there 
is no threshold value for differentiating normal and dry 
eyes with consensus in the literature so we think it is 
more valuable for treatment monitoring rather than 
having diagnostic importance. Meibomian gland as-
sessment is valuable in terms of being non-invasive, 
but is not correlated with any tear function test. Con-
sidering dry eye is a chronic and progressive disease, 
all test results should be assessed together with clin-
ical situation. 
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