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Abstract: The current study aim is to analyse the relationship between symptoms (Schirmer test, tear 
film breakup time tests, ocular surface staining) and diagnostic test of dry eye (ocular surface disease 

index questionnaire - OSDI) using a cluster analysis approach. The research was performed among 

the patients (32 with dry eye disease and 15 control subjects) admitted to the Ophthalmology Clinic of 

Clinical County Emergency Hospital of Sibiu, Romania. For all performed tests, the differences 
between dry-eye group and control group were statistically significant (OSDI 47.03±19.86 vs. 

8.53±3.72, BUT 3.86±1.43 vs. 17.83±1.87, SCHL 4.47±3.25 vs. 20.37±2.79, OXF 0.88±0.87 vs. 

0±0.86). The cluster analysis procedure, in the context of our patient’s data, estimates the following 

hierarchical discriminative importance of the tests results: BUT (100%), Schirmer I Test (67%), OSDI 
(29%), OXF (12%). Tear film instability is a common link for all types of dry eyes and its evaluation 

can be crucial when there is no ocular staining and the tear volume is normal or abundant. 
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INTRODUCTION 
The prevalence of dry eye disease ranges from 7.8% 

to 29% and this values depends on the inclusion criteria in the 

study cohort.(1) Dry eye remains a under-recognized disease, 

despite its high prevalence, because there are various test and 
non-invasive instruments, but there is no specific test for the 

diagnostic.(2) The most used diagnostic tests in clinical practice 

are Schirmer test, tear film breakup time (TBUT) tests and 

ocular surface staining by using fluorescein, rose bengal and 
lissamine green, as well as the use of dry eye questionnaires 

(OSDI questionnaire).(2) 

All diagnostic tests have their contribution in the 

diagnosis of dry eye disease, but there is no single golden test 
for dry eye diagnosis, therefore a combination of minimal-

invasive, objective and clinical applicable tests are preferable in 

medical practice.(3) 

The battery of tests are different from practitioner to 
practitioner and depends on the availability of the 

equipment.(4,5) 

The ocular surface disease index (OSDI questionnaire) 

is a useful tool and one of the most frequently used instruments 
to assess dry eye symptoms.(6) OSDI has 12 questions and 

evaluates the frequency of symptoms over the preceding week. 

The questionnaire requires approximately 5 minutes for the 

patient to be filled out and the points range is from 0 to 100, a 
higher score representing a higher disability.(6) Depending on 

the outcome of the OSDI score, the patients can be divided in 

normal: 0-12 points, mild dry eye: 13-22 points, moderate dry 

eye: 23-32 points, severe dry eye: 33-100 points.(6,7) 
Tear film break-up time is a clinical test to 

determinate the tear film stability.(8) The method is assed using 

sodium fluorescein dye and the tear film is examined under the 
slit lamp until the disruption of the tear film develop (tiny dry 

spots).(8) 

TBUT test is measured in seconds: greater than 10 

seconds is normal, between 5 and 10 is marginal and less than 5 
seconds is considered low.(8) 

Schirmer described (one hundred and eleven years 
ago) three methods to measure the tear secretion: Schirmer I: 

without anesthesia and the length of wetting is measured after 

five minutes, Schirmer II: with anesthesia and stimulation of the 

nasal mucosa, the length of wetting is measured after five 
minutes and Schirmer III with topical anesthesia and the patient 

look at the sun, the wetting is measured after five minutes.(9) 

Schirmer I is the most used in clinical practice.(9) Schirmer I 

values are variable and differ from study to study: normal, 
greater than 15 mm and abnormal, less than 6 mm(10) or  

greater than 13 mm, normal (after five minutes) and greater than 

10 mm, normal (after two minutes).(11) Several diagnostic  

values have been suggested, from ≤5 mm/5 min to ≤ 10 mm/5 
min.(12) 

Oxford Schema is a validated procedure to evaluate 

under a cobalt blue light filter the cornea and the conjunctiva. 

Staining is classified in a series of panels from 0 to 5.(8) 
 

AIM 

This study aims at analysing the relationship between 

symptoms and diagnostic test of dry eye (Schirmer test, tear film 
breakup time tests, ocular surface staining and ocular surface 

disease index questionnaire) using a cluster analysis approach. 

 

MATERIALS AND METHODS 
The research was performed prospectively among the 

patients admitted to the Ophthalmology Clinic of the Clinical 

County Emergency Emergency Hospital of Sibiu, Romania. The 

study was conducted in accordance with the tenets of the 
Declaration of Helsinki, and verbal informed consent was 

obtained from all participants.  

 All 47 patients had a complete ophthalmic evaluation 
to exclude condition that can mimic dry eye. Dry eye diagnosis 

was based on the methodologies of TFOS DEWS Report 

2017.(12) 

The severity of dry eye-associated symptoms was 
evaluated using Ocular Surface Disease Index (OSDI).(13) The 
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OSDI score was obtained using OSDI application, available in 

Magazin Play for Android Smartphone. This application is very 

useful and helped us to save time in evaluating the 
symptomatology of patients with dry eye syndrome. The 

examiner addressed the questions and checked the answers in 

the application. At the end of the questionnaire the application 

generated a score for each patient. In the classic version the 
OSDI score is calculated for each subject based on the formula: 

the sum of scores of all items answered multiplied by twenty-

five divided by the total number of items answered.(13) 

 

Figure no. 1. OSDI Questionnaire application 

 
 

Figure no. 2. OSDI Questionnaire application results of a 59 

years old patient diagnosed with aqueous deficient dry eye 

(Sjӧgren Sindrom) 

 
Tear breakup time (BUT) was measured using a 

fluorescein-impregnated strip wetted with a single drop of 
normal saline. The patients blink for few times then the time - 

from normal blinking to the first appearance of a dry eye spot in 

the tear film - was measured. The mean value of the tree 

measurements was used.(3) 

 

Figure no. 3. Tear break-up time of the same patient with 

aqueous deficient dry eye (Sjӧgren syndrome) after 2 

seconds (both eyes) 

 
The Schirmer I Test (SCHL) was performed with the 

help of filter paper strips (Visual Med, Tear Touch Schirmer 
Strips) placed at the temporal third of the lower eyelid and the 

patients with closed eyes. 5 minutes later, the wetted length was 

measured.(3) 

 
Figure no. 4. Tear Touch Schirmer Strips with 0 lacrimal 

secretion of the same patient with aqueous deficient dry eye 

(Sjӧgren Syndrome) 

 
Ocular surface staining was graded using the Oxford 

staining schema (0-5). Corneal fluorescein staining was 

performed using fluorescein sodium strips followed by slit-lamp 
examination with cobalt-blue light.  

Patients were selected on the basis of the following 

criteria at the initial visit: subjects between 20-70 years old, 
symptoms of dry eye (e.g. tearing, foreign body sensation, 

grittiness, dryness, redness, transient blurring of vision, burning 

sensation) (14) with OSDI more than 13 points, Schirmer I Test 

values less/equal than 10 mm, Tear breakup time (TBUT) 
less/equal than 5 seconds, visual acuity AO=1 (corrected or 

uncorrected), spherical equivalent less/equal +/-4 D, no other 

ocular disease (except dry eye). All patients were new cases 

without a history of dry eye medication.  
Control group inclusion criteria: age above 20 years 

and below 70 years, OSDI score less or equal than 10 points, 

Schirmer I test values greater or equal than 15 seconds, tear film 

breakup time >/= 15 seconds, negative corneal fluorescein 
staining, best visual acuity measured with ETDRS Chart (the 

spherical equivalent +/-4Dsf) 1 and without any ocular disease. 

Patients with contact lens, herpetic disease, penetrating 
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keratoplasty and active infection were excluded. 

For the data analysis we considered: 

- OSDI scores as: (1) absolute values, (2) categories 

according to (2, 7, 15, 16): normal (0-12), mild(13-22), 

moderate(23-32), severe (33-100) 

- TBUT scores as: (1) absolute values, (2) categories 

according to (8): normal (>10 seconds), marginal(5-10 
seconds), low(<5 seconds) 

- Schirmer I Test (SCHL) scores as: (1) absolute values, (2) 

categories according to (10): normal (>=15 mm), moderate 

(6-15mm), abnormal (<6mm) 
- OXF scores as: (1) absolute values, (2) categories: normal 

(0), abnormal (>0)  

Descriptive statistics for continuous and categorical 

variables was performed and analysed using parametric and 
non-parametric tests, as appropriate. Comparisons between 

study and control groups were performed using Mann-Whitney 

test. A p-value of 0.05 was considered significant.(17,18) 

Cluster analysis, an unsupervised learning technique, 

was used in order to:  

(i) identify different groups of patients based on results of the 

performed test for dry-eye disease,  

(ii) describe the profile of the identified groups in terms of tests 
scores,  

(iii) identify the hierarchical structure of tests in terms of their 

importance for between-groups discrimination,  
(iv) analyse/identify correlations between the tests.  

 

RESULTS 

 The patients enrolled in this research were 32 with dry 
eye disease (study group) and 15 control subjects (control 

group). The mean ages were 52 (M=52.21, SD=11.95, range: 

20-69) for the study group and 46 (M=45.80, SD=11.99, range: 

28-64) for the control, majority female patients (84% study, 
67% control). 

For all performed tests the differences between dry-

eye group and control group were statistically significant (table 

no.1). For the dry eye patients group, the correlation between 
signs (Schirmer test I, tear break up time, Oxford staining) and 

symptoms (OSDI) was described in a previous research (19),  

using Spearmen’s correlation coefficient:  

- a significant negative correlation was observed between 
OSDI and TBUT (r = -0.501, p = 0.003) - dry eye 

symptomatology is associated with tear film instability; 

- a significant negative correlation was observed between 

OSDI scores and Schirmer test I (r = -0.271, p = 0.134) - 
greater disability is associated with low amount of tears; 

- a marginal significant positive correlation was observed 

between OSDI and Oxford staining scale (r = 0.317, p = 

0.077) - increased OSDI score are associated with 
increased Oxford grades. 

 

Table no. 1. Differences between dry-eye group and control 

group in case of OSDI, BUT, Schirmer I Test, OXF scores 

Test 

Study 

M±SD 

(Min-Max; Median) 

Control 

M±SD 

(Min-Max;Median) p 

OSDI 47.03±19.86  

(12-95; 49,00) 

8.53±3.72 

(3-16; 9.00) 
0.000 

BUT 

(s) 

3.86±1.43  

(1-7; 3.75) 

17.83±1.87 

(16-22; 16.50) 
0.000 

SCHL 

(mm) 

4.47±3.25  

(0-11; 4.25) 

20.37±2.79 

(16-26; 20.00) 
0.000 

OXF 0.88±0.87 

(0-3; 1) 

0±0.86 

(0-0; 0) 
0.000 

The cluster analysis procedure (TwoSteps cluster 

method) automatically identifies two segments/clusters - 2 

groups of patients, corresponding to the dry-eye and control 

group, with an average measure of cohesion and separation 

(silhouette average – cluster quality measure) of 70%.  
The hierarchical importance of the tests results – used 

as attributes upon which clusters construction is based – is the 

following: BUT (100%), Schirmer I Test (67%), OSDI (29%), 

OXF (12%). 
 

Figure no. 5. Cluster analysis groups profile, in case of 

OSDI, BUT, Schirmer I Test, OXF, scores considered as 

pure values 

 
Figure no. 5 is representing the two identified cluster 

profile (blue – dry eye group – first cluster, red – control group 

– second cluster). The dry eye group has high values for BUT 

and Schirmer I test and small values for OSDI and OXF in 

comparation with the control group. A negative correlation 
between OSDI and BUT, respectively between OSDI and 

Schirmer I Test is suggested.  

Considering OSDI, BUT, Schirmer I Test, OXF scores 

as categories (new variables OSDI_1, BUT_1, SCHL_1, 
OXF_1, as specified in the methods section of this research), we 

obtained the following hierarchical importance of the tests 

results: BUT (100%), Schirmer I Test (100%), OSDI (74%), 

OXF (42%), with a silhouette average of 60% for the cluster 
analysis procedure (figure no. 6). 

 

Figure no. 6. Cluster analysis groups profile, in case of 

OSDI, BUT, Schirmer I Test, OXF, scores considered as 

categories 

 

 
Changes in importance hierarchy did not occur (figure 

no. 7, silhouette average 70%) if:  

- normalized version of (continuous) variables were used  



CLINICAL ASPECTS 

 

AMT, vol. 24, no. 3, 2019, p. 98 

- age variable was added, but her importance was only 3%  

 

Figure no. 7. Cluster analysis groups profile, in case of 

OSDI, BUT, Schirmer I Test, OXF, scores considered as 

categories 

 
 

DISCUSSIONS 

Tear break up time (TBUT) is a clinical test for dry 

eye that has the potential to capture the combined contributions 
of aqueous deficiencies, lipid and mucin to tear instability.(20) 

Koh S et. al. (21) and Lee KW et al (22) compared the mean 

fluorescein tear break-up time (FTBUT) of the normal patients 

(7.1 seconds) with the mean fluorescein tear break-up time in 
patients with aqueous deficient dry eye (2.1 seconds) (21) and 

non-invasive tear break-up time was found to be 3.3 seconds for 

patients with aqueous deficient dry eye compared to 6.6 seconds 

for patients with Meibomian gland dysfunction.(22) The 
evaporation rate is an important factor in cases of evaporative 

dry eye and even a normal evaporation can lead to important dry 

eye symptoms in patients with aqueous deficient dry eye (due to 

the very thin tear layers).(1)  
In our study group we observed results comparable to 

those of the studies mentioned above. Also, there are two 

patients diagnosed with aqueous deficient dry eye (Sjӧgren 

Sindrom) and the values of TBUT were 1 second, respectively 2 
seconds.  

Short tear break-up time was found to indicate tear 

hyperosmolarity, which is also a core mechanism for dry eye 
symptoms.(20) Kaido et al suggest that visual function is also 

affected in dry eye patients and is associated with short tear 

break-up time, due to unstable tear film.(23) All these results 

highlight the important contribution of tear break-up time 
assessment in dry eye evaluation and diagnosis. 

According to the literature results, short tear break-up 

time and subjective symptoms are the two key components for 

the diagnosis of dry eye and the results of vital staining and 
Schirmer test are not mandatory for dry eye diagnosis.(24)  

This study has potential limitations: one of these 

limitations can be the small number of cases in both groups 

(study group and control group). We aim in the future at: (i) the 
analysis of these tests on a larger study population and possibly 

the use of other tests, (ii) the analysis of the results of these tests 

taking into account the associated comorbidities. 

 

CONCLUSIONS 

The stability of tear film is a core pathological 

mechanism in dry eye and is compromised when the aqueous 

components are reduced in volume.(25) Fluorescein tear break-

up time could be the most used clinical test of tear function (20) 

and can give important information about tear film stability but 

its evaluation and clinical application vary widely.(20) Schirmer 

test values and methods can also vary from study to study, but 

this test is less invasive and could give valuable information in 

clinical practice. 
Two-Step cluster analysis procedure has the advantage 

that it is able to automatically identify the optimal number of 

clusters/groups using categorical or continuous data.(26) In the 

context of our patient’s data, the cluster analysis considered the 
results of BUT test and Schirmer I Test as the most important in 

group separation (dry eye disease group vs. control group). 

However, this result must be interpreted with caution since the 

model quality is moderate (60-70%). 
Understanding the tear break-up time function in dry 

eye diagnosis and evaluation is especially important because 

tear film instability is a common link for all types of dry eyes 

and its evaluation can be crucial when there is no ocular staining 
and the tear volume is normal or abundant.  
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