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Abstract  

 

 

 

 

 

 

 

Background: Dry eye disease is a common, and potentially vision-threatening problem. The Ocular Surface Disease Index  is a 

well-established method of subjectively assessing dry eye disease. Objective means of diagnosing dry eye disease suffer from 

poor reproducibility, low sensitivity and specificity, are invasive, time consuming and often require specialized equipment. It 

is hypothesized that optical coherence tomography of the tear meniscus may address these problems. 

 

Aim: The primary aim of this study was to describe the correlation between the Ocular Surface Disease Index © and tear 

meniscus height in dry eye disease measured by optical coherence tomography. The secondary aim was to determine a useful 

diagnostic cut-off value for tear meniscus height in the diagnosis of dry eye disease.  

 

Setting: The study was conducted at St John Eye Hospital, Soweto, South Africa.  

 

Methods: This was a prospective, cross-sectional study of adults at a tertiary level eye clinic. Participants were included if 

they were older than 18 and excluded if they were contact lens wearers, had an established diagnosis of dry eye disease, or 

were known to have (or be taking any treatment for) any ophthalmological or medical condition that has the potential to 

influence dry eye disease. A control and investigative group was determined using the Dry Eye Ocular surface disease index. 

The inferior tear meniscus height of both groups was imaged using optical coherence tomography. 

 

Results: A total of 36 right eyes of 36 patients was included in this study. Patient ages ranged from 20 – 64 years, with a 

median age of 43 years. Overall there were more females (n = 27) than males (n = 9). There was a moderate negative 

correlation between the normal/dry eye group and tear meniscus height (rb = - 0.452, p = 0.032). Optimizing sensitivity and 

specificity yielded a diagnostic cut-off  tear meniscus height of 296um. 

 

Conclusion: Tear meniscus height tends to decrease between Ocular Surface Disease Index  classifications of ‘normal’ and 

‘dry eye disease’. However, tear meniscus height performed poorly as an objective measure of dry eye disease in our study 

population limiting recommendations to adopt it as a diagnostic test.  
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Introduction  
Dry eye disease is an insufficiency in the volume 

and/or quality of the tear film which in turn 

causes tear instability and subsequent ocular 

surface disease (1). The aetiology of dry eye 

disease is multifactorial and can be classified into 

aqueous deficient or evaporative states with 

significant contribution from environmental 

factors (2). Dry eye disease is a common problem 

with an estimated one in four patients presenting 

to eye clinics with characteristic symptoms, and a 

global prevalence of 7 – 34% (3,4). There is a 

paucity of epidemiological data for South Africa 

and indeed the African continent with an 

estimated prevalence of 41 – 92% in three small 

population based studies (5–7). Furthermore, dry 

eye disease results in a significant economic 

burden with an average expenditure of USD $ 

11,302 per patient and a total of USD $ 55.4 

billion yearly in the United States of America 

alone (8). 

 

There are a number of well-validated 

questionnaires that have been developed to 

subjectively assess dry eye disease – the Ocular 

Surface Disease Index (OSDI©) is one of the most 

frequently used and performs well with a 

sensitivity and specificity of 60% and 83% 

respectively (9,10). The OSDI© consists of 12 

questions based on the recall of symptoms in the 

preceding week. Severity, environmental factors 

and the degree to which activities of daily living 

are affected are all scored. In contrast there is no 

gold standard objective measure to quantify or 

monitor dry eye disease. Schirmer’s test, ocular 

surface staining, fluorophotometry, biomarker 

sampling and osmolarity are invasive, suffer from 

inaccuracy or poor reproducibility, are time 

consuming or require specialised equipment that 

may not be readily available in the clinic setting 
(10,11). 

 

Non-Invasive methods are attractive as they do 

not induce reflex tearing which may increase the 

normal rate of tear secretion by 100 – 500% (1). 

This combined with recent advances in Anterior 

Segment Optical Coherence Tomography (AS-

OCT) has renewed interest in meniscometry as 

means of measuring tear volume as a proxy for 

dry eye disease (11–14). Experimental studies have 

shown that the inferior tear meniscus which is 

formed in the angle between the cornea and the 

lower lid (see Figure 1) compromises 75-90 % of 

total tear volume. Within this the Tear Meniscus 

Height (TMH) varies little in absolute value terms 

from tear meniscus area and performs the best 

diagnostically in both specificity and sensitivity in 

predicting disease (12,13,15,16). 

 The primary aim of our study was to describe the 
correlation of TMH against the OSDI ©. 

Additionally we aim to determine a diagnostic 
cut-off of TMH for diagnosing dry eye disease.   
 

Methodology 
This was a prospective, cross-sectional, case-

control study conducted at St John Eye Hospital, 

Soweto, Johannesburg, South Africa. Ethical 

clearance was approved by the Human Research 

Ethics Committee, University of the 

FIGURE 1: Lower lid tear meniscus shown together with infrared 

photo of the lower cornea and lid (frame) [A]. Tear Meniscus 

Height (TMH) and tear meniscus depth (TMD) [B]. Tear meniscus 

angle and angle alpha () [C]  (17,18) 
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Witwatersrand (M190650). The study was 

conducted in accordance with the declarations of 

Helsinki.   

 

A sample size of 20 (17 ± 10%) for each group was 

determined using anticipated mean differences, a 

p value of < 0.05 was taken to be significant. 

Considering the strict exclusionary criteria and 

the anticipated difficulty in recruiting 

participants, especially to the control group, we 

decided not to power the study to perform a sub-

group analysis of severity of disease, age or 

gender.   

 

Patients, their family members or escorts, and 

staff members older than 18 years were 

randomly recruited to be invited to participate in 

the study. Participants were recruited from the 

general clinic and/or screening and were 

excluded if they were current contact lens 

wearers, had used topical eye drops in the 

preceding 14 days or had undergone any previous 

intraocular or extraocular surgery including laser 

and refractive procedures. Patients were also 

excluded if they were pregnant or lactating; or if 

they had a systemic disease or were using 

treatment known to be associated with dry eye 

disease. This includes diabetes mellitus, thyroid 

disease, Sjögrens syndrome, hepatitis C, vitamin 

A deficiency, Human Immunodeficiency Virus 

(HIV) infection or any hormonal dysfunction (9,17). 

Patients were also excluded if they were unable 

to speak English, Afrikaans, Zulu or Sotho.  

A direct ophthalmoscope examination of the 

anterior segment was performed to exclude 

localized ocular pathology for example 

blepharitis, pterygium, pinguecula, entropion and 

ectropion.  

 

Demographic data including the participant’s age, 

gender and race was collected. In addition, the 

total duration of dry eye symptoms was captured 

(if applicable). Each participant was divided into a 

control (‘normal’) or investigative (‘dry eye 

disease’) group based on the recall of symptoms 

of dry eye in the preceding week using the Dry 

Eye OSDI © iOS application (Allergan Inc., Dublin, 

Ireland). The investigative group was further 

divided into ‘mild’, ‘moderate’ and ‘severe’. 

 

Each group’s TMH was measured using a 

SPECTRALIS ® (Heidelberg Engineering, 

Heidelberg, Germany) OCT with Anterior 

Segment capabilities. A light source 1310nm 

wavelength, 60nm bandwidth, scan width 15mm 

at eight frames per seconds, scan depth two mm 

in air and optical resolution less than 10um was 

set. Measurements were taken in a dimly lit room 

from 10 AM – 4 PM during the months of 

November 2019 to March 2020. Shen et al. 

showed that dry eye disease is bilateral and 

equally affects each eye thus the right eye was 

chosen by convention (13). 

Each participant was asked to blink and then 

maintain central and steady gaze while three 

scans were taken approximately two seconds 

later. The anatomical landmark was taken to be 

the midpoint of the lower lid in primary gaze. 

Each scan was manually inspected and a quality 

index of greater than 20 was taken as sufficient. 

The TMH was measured in each scan using the 

caliper function at a standard magnification of 3x 

and averaged to mitigate random error. 

 

Statistical analysis was conducted using Statistical 

Package for Social Sciences (SPSS) software (IBM 

Corp. Released 2016. IBM SPSS Statistics for Mac, 

Version 24.0 Armonk, NY: IBM Corp.)  

 

Results  
Patient characteristics  

A total of 36 right eyes from 36 patients was 

included for analysis with 14 in the control group 

and 22 in the dry eye disease group. Participant 

age ranged from 20 – 64 years, with a mean of 43 

years (95 % confidence interval, 39.3 – 46.7). The 

age group 41-50 years accounted for 39% of all 

participants. Overall there were more females (n 
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= 27) than males      (n = 9). All the participants 

were black. The mean duration of dry eye 

symptoms was 428 days, the median was 56 days 

with a range of 0 –  

3640 days, standard deviation 880 days. Within 

the ‘dry eye disease’ group 55% were classified as 

‘mild’, 13.6% as ‘moderate’ and 36.4% as ‘severe’. 

Table 1 shows a breakdown of the control and 

investigative groups according to gender and age 

demographics.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Correlation analysis  

A Pearson correlation coefficient revealed a 

weakly negative relationship between raw OSDI© 

scores and TMH (r = - 0.211, p = 0.216) as show in 

Figure 2. However, a bi-serial analysis performed 

by examining only ‘normal’ and ‘dry eye disease’ 

as a function of TMH showed a more strongly 

negative, significant relationship (rb = - 0.452, p = 

0.032). A variance analysis showed that TMH 

contributed only 4.45% to the overall variance 

observed in OSDI© scores. 

There was no correlation between the duration 

of symptoms and TMH (r = - 0.066, p = 0.702).  

 

An independent t  test of TMH in isolation 

revealed that it was indeed higher in the control 

group (M = 659um, SD = 676um) compared to the 

investigative group (M = 325um, SD = 173um), 

however this was not found to be statistically 

significant (p = 0.092).   

 

 Control  

(n = 14) 
Dry Eye Disease (n = 22) 

Gender 

Male 2 7 

Female 12 15 

Age 

20 – 30 4 2 

31 – 40 3 7 

41 – 50 4 10 

51 – 60 3 2 

> 61 0 1 

Table 1: Demographic data of  'normal' (control) and 'dry eye 

disease’ (investigative) groups 
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Diagnostic cut-off for TMH  

A diagnostic cut-off for determining ‘normal’ 

from ‘dry eye disease’ participants was 

determined by linear regression analysis of 

Receiver Operating Curves (ROC) as shown in 

Figure 3. 

Choosing a TMH which optimises sensitivity and 

specificity (50% and 36% respectively) yields a 

TMH of 296um. Maximising sensitivity at the cost 

of specificity (77% and 7% respectively) yields a 

diagnostic cut-off of 224um. The Area Under the 

Curve (AUC) is 0.289 indicating an overall poor 

diagnostic performance.  

 

Power and effect size 

Our study had a Cohen effect size of 0.4 

indicating a small-to-medium effect size. 

Retrospective calculation of a larger effect using 

our available data (> 0.8) would have required 36 

participants in each group for a total of 72.  

 

Discussion 
Dry eye disease is a common problem and 

invasive methods of assessment are currently 

unsatisfactory, AS-OCT TMH has shown promise 

as a non-invasive diagnostic test that addresses 

these problems. 

 

To the best of our knowledge this is the first 

study of its kind in South Africa attempting to 

compare TMH against a validated method such as 

the OSDI ©. 

Our study found that TMH tends to decrease in 

those whose symptoms are sufficiently severe to 

have been classified as ‘dry eye disease’  by the 

OSDI©. This is consistent with the findings of 

other studies and may be explained by the fact 

that in the absence of reflex tearing the volume 

of tears is lower than control subjects (12,13,18). The 

tear film consists of a proportionally large volume 

of aqueous sandwiched between an outer lipid 

layer and an inner mucinous layer. Regardless of 

whether the dry eye state is as a result of 

aqueous deficiency or an accelerated evaporative 

state the aqueous is reduced (1). 

 

There is no consensus regarding a diagnostic cut-

off value for TMH in dry eye disease. Shen et 

al.(13) suggested a value of 164um with an 

associated sensitivity and specificity of 92% and 

90% respectively while Tung et al.(16) calculated 

210um as their value. Yet another group Ibrahim 

et al. (15) found a higher value < 300um to be 

statistically significant. Our study concluded that 

296um was the point at which one could 

maximise diagnostic power (sensitivity 50%, 

specificity 36%). However, since this test is 

intended primarily for screening purposes it is 

reasonable to maximise the sensitivity which 

yielded a cut-off of 224um and a sensitivity and 

specificity of 77% and 7% respectively. While the 

absolute value and sensitivity of this value is 

similar to other author’s findings our specificity 

and overall diagnostic power was considerably 

lower which limits the recommendation that this 

should be adopted as a diagnostic tool in our 

population (13,15,16). This may reflect a limitation in 

our study or an  undescribed intrinsic difference 

Figure 3: Receiver Operating Curve (ROC) for TMH as a diagnostic 

test. The area under the orange line (AUC) represents the 

performance of our test with a value of 0.289. Lower values of 

AUC indicate poor diagnostic performance. A blue reference line 

indicating an AUC of 0.5 is shown.  
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in our population, the description of which 

exceeds the scope of this study.  

 

Our study was limited by a small sample size as a 

result of stringent exclusionary criteria although it 

is noted that similar studies included both left 

and right eyes for analysis which may enhance a 

statistical effect.  

One unmasked investigator used clinical 

judgement to measure the TMH which may have 

introduced unintended bias.  

It was not possible to control for all factors which 

may influence the tear meniscus such as 

palpebral aperture height, corneal curvature and 

ambient conditions. The study took place mainly 

during the summer months which may have an 

influence in seasonal variation of dry eye 

symptoms. 

 

Future well-designed studies should attempt to 

recruit a larger participant pool and sufficiently 

power their statistical analysis to include sub-

groups such as age, gender and OSDI© severity. It 

may be necessary to develop automated 

software techniques that are able to determine 

tear meniscus variables with a high degree of 

accuracy.  

 

Conclusion 
Dry eye disease is both a commonly encountered 

and potentially vision-threatening disease. 

Despite this there is little evidence about the 

burden of disease in our local population or 

indeed the African continent. This together with 

the multifactorial aetiology underscores the 

importance of subjective and objective means of 

assessment. While questionnaires such as the 

OSDI©  are well-validated, objective non-invasive 

methods of diagnosis are lacking. AS-OCT 

meniscometry is a potential solution that has 

shown promise in international studies. We have 

shown that TMH tends to decrease in dry eye 

sufferers compared to those without symptoms 

as validated by the OSDI© but this relationship 

has neither the same robustness nor diagnostic 

value as described in similar studies. This could 

reflect inherent limitations in our study or a 

broader difference in our local populace that 

needs to be further elucidated. As such TMH 

meniscometry should not be used as a diagnostic 

tool, or used with caution, in our local 

population. Further  well-designed research is 

required to validate this tool and further describe 

these relationships.   

 

What was known: 

• Subjective methods of diagnosing dry eye 

disease such as the OSDI© are useful and well-

validated. 

• TMH as measured by AS-OCT shows promise 

as an objective tool in diagnosing dry eye 

disease in international studies.  

 

What this article adds: 

• Confirmation that TMH tends to decrease 

with increasing symptoms of dry eye disease. 

• TMH performs poorly as a diagnostic test in 

an isolated South African population.  
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1. Introduction   

Dry Eye Disease (DED) is defined as an insufficiency in volume and/or function of the tear film 

which manifests in instability and subsequent ocular surface disease (1). Dry eye represents a 

wide spectrum of disease ranging from minor inconvenience to severe corneal scarring and 

irreversible loss of vision. The condition may be divided into aqueous-deficient or evaporative 

subtypes according to the Tear Film and Ocular Society (TFOS) and International Dry Eye 

Disease Workshop (DEWS). These are not mutually exclusive categorizations however and 

considerable overlap may occur, in addition to contribution by a variety of environmental 

factors (2).   

 

DED is a commonly encountered problem  - approximately 1 in 4 patients who present to an 

eye clinic complain of characteristic symptoms, and it is estimated that the global prevalence 

is between 7 – 34% (3,4). There is very little epidemiological data for the burden of disease in 

African populations, but it is believed that prevalence may be high due to secondary causes 

such as infections (3). The scope of the problem is expanded when one considers that DED also 

causes a significant economic burden to health systems – it is estimated that the average cost 

of management is USD $ 11,302 per capita, per year and over USD $ 55 billion overall (4).  

 

Thus, when one considers that DED is both common and potentially serious – it is necessary 

to manage patients presenting with such symptoms carefully. This takes the form of a detailed 

clinical history including presenting complaint, previous medical, surgical and 

ophthalmological history – paying particular attention to any medications and environmental 

factors that may be significant. However, a non-directed clinical history is by its very nature 
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prone to inconsistency and often the classical symptoms of DED are absent (5,6). This has led 

to the development of a variety of standardised questionnaires that assist with the diagnosis 

and stratification of severity of DED. The Ocular Surface Disease Index (OSDI) is the most 

commonly used, has been validated, and offers good sensitivity and specificity of 60% and 

83% respectively (6). The OSDI consists of 12 questions (Appendix A) and is based on recall of 

symptoms in the preceding week, their severity, any environmental contributions and to what 

extent activities of daily living have been disrupted.  

 

The OSDI is useful to stratify patients into “mild”, “moderate” or “severe dry eye disease 

based on their reported symptoms. However, an objective means of quantifying the problem 

is still necessary to decide on treatment as well as monitor the response thereof. In order to 

quantify the tear film changes that occur with DED it is important to note that the tear film is 

not a single homogenous layer but in fact consists of three layers – a outermost lipid layer 

secreted by the meibomian glands of the lids, a middle aqueous layer secreted primarily by 

the lacrimal and accessory glands, and an innermost mucinous layer secreted by the 

conjunctival goblet cells (1). DED may be functionally divided into Aqueous Tear Deficiency 

(ATD) or Evaporative Tear Deficiency (ETD) states. Normal tear volumes are vital to maintain 

ocular surface physiology and are decreased in both ATD and ETD states – resulting in DED 

symptoms.  

It is difficult to measure the total tear volume/production changes using conventional 

techniques as they are invasive, are prone to inaccuracy and offer poor reliability and 

reproducibility (7). Traditional methods include Schirmer’s test, tear film break up time (TBUT) 

and ocular surface staining. Schirmer’s test measures the degree of “wetting” of a 

standardized piece of absorbent paper placed into the inferior fornix of the lower eyelid. By 
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measuring the length of filter paper that has absorbed tears an estimate of tear volume may 

be made.  TBUT and ocular surface staining makes use of fluorescent dyes such as Rose Bengal 

or fluorescein to measure the time taken for instability in the tear film to develop and to stain 

damaged areas of epithelium, respectively. All tests suffer from inherent invasiveness (and 

hence reflexive tearing), poor reproducibility and low accuracy (8). It has been experimentally 

shown that between 75 – 90% of the total tear volume is located in the tear meniscus at the 

junction between the lower lid and the cornea, with the remainder divided between the pre-

ocular surface and the forniceal cul-de-sac formed by the conjunctiva (9). 

The measurement of the tear film meniscus is thus an attractive, non-invasive and 

quantifiable means of assessing tear volume and hence DED states . Historical attempts 

including confocal microscopy, video and laser meniscometry have been proved either too 

cumbersome or impractical to use in a clinical setting and have been abandoned (8).  

 

Recent technological advances in Anterior Segment Optical Coherence Tomography (AS-OCT) 

has seen renewed interest in meniscometry in the measurement of tear volume and hence 

ATD (7,9,10).  Four parameters of the tear meniscus of the lower lid have been earmarked for 

investigation – namely Tear Meniscus Height (TMH), Tear Meniscus Depth (TMD), Tear 

Meniscus Area (TMA) and corneo-meniscus angle (𝛼). There is little data regarding the 

significance of TMD and corneo-meniscus angle (𝛼) at this time, although TMA and TMH have 

both shown excellent promise in discriminating healthy and dry eyes. Indeed multiple studies 

have concluded a statistical significant (P < 0.001) decreased mean TMA and TMH values in 

both Sjögren and Non-Sjögren sufferers of ATD compared to control groups (7,11,12). 

Furthermore sensitivity and specificity were 81% and 89% for TMH, 86% and 85% for TMA – 

in comparison to an abnormal Schirmer (<5mm) of 63% and 44% respectively (13). There is 
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little consensus about what constitutes an acceptable cut-off value for discriminating DED 

from healthy eyes – one study quoted a TMH of 164um as having a sensitivity and specificity 

of 92% and 90% respectively (7). Another study found selecting a cut off value of 328um 

yielded a sensitivity of 93% and specificity of 83% (9). Tung and associates found 210um to be 

statistically significant (p = 0.0016) in a study of 128 eyes in 64 patients compared to a normal 

control of 345um (12).  

 

DED is commonly encountered with potentially sight threatening complications. Clinical signs 

and symptoms often do not correlate well with the experience of the patient (and the reason 

for presentation) and hence the need for standardised and quantifiable symptoms 

questionnaires. The Ocular Surface Disease Index (OSDI) is well validated and frequently used 

for its acceptable accuracy and ease of administration - but further objective diagnostic tests 

are still required for deciding on the type of treatment and monitoring the response to 

therapies. Conventional means of evaluation are cumbersome, time consuming, prone to 

erroneous and reflexive responses and show poor correlation in early and asymptomatic 

disease. It is therefore important to know if tear meniscus height correlates with the OSDI in 

dry eye disease.  

 

2. Study Aims and Objectives  

Aim  

To conduct a prospective study into whether there is a relationship between the subjective 

symptoms of DED measured by the OSDI questionnaire and an objective measurement of 

tear meniscus height using AS-OCT.  
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Primary objective  

To Describe the correlation between OSDI score and tear meniscus height in DED.  

Secondary objectives  

1. Describe participant demographics of DED in a tertiary eye hospital in Johannesburg 

according to:  

a. Age  

b. Gender  

2. Determine a diagnostic cut-off value for TMH in DED  

 

3. Methods  

The following section will detail the proposed methodology for a prospective, quantitative, 

cross-sectional study. 

 

3.1 Site of Data Collection  

The study will be performed at St John Eye Hospital (SJEH) - Chris Hani Baragwanath Academic 

Hospital (CHBAH). SJEH is a tertiary ophthalmic hospital in Soweto, Johannesburg. Hospital 

administration will be approached for permission to perform data collection as well as make 

use of the Heidelberg Engineering OCT.  

 

3.2 Group Selection and Sampling    

The study will be two-armed with the control group being formed by patient escorts who 

have no dry eye  disease symptoms and who score as ‘normal’ on the OSDI. The experimental 

group will be patients who complain of dry eye symptoms and who score as either ‘mild’, 
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‘moderate’ or ‘severe’ dry eye disease on the OSDI. Both groups will undergo an OCT 

measurement of tear meniscus height on AS-OCT.  

 

Previous investigators have noted that dry eye is a bilateral condition with no statistical 

difference between eyes and as such the right eye will be arbitrarily selected as the eye for 

examination in both the control and  (9). Where this is not possible the left eye will be used 

provided no exclusion criteria are present.   

 

Participants with DED will be treated according to step-wise DEWS treatment guidelines. 

Initially this will take the form of lubricating drops and advice on appropriate lifestyle 

modification. Thereafter they will be followed up in the clinic for resolution of symptoms 

and or further treatment as necessary.  

 

3.2.1 Inclusion Criteria 

• For Control group:  

- Adults ( ≥ 18 years of age) 

• For Interventional group:  

- Adults ( ≥ 18 years of age) and complaining of eye dryness, or characteristic symptoms 

such as grittiness, burning sensation or blurred vision within the preceding two weeks 

and causing some disruption to daily activities  

 

3.2.2 Exclusion Criteria    

• For Control and Interventional group: 
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- Established diagnosis of DED 

- Ophthalmic medication used in preceding 14 days  

- Concomitant use of systemic medications associated with DED  

- Pregnant, breastfeeding or lactating  

- Any previous ophthalmic surgery including laser and refractive surgery  

- Established diagnosis of diabetes mellitus, thyroid disease, Sjögrens syndrome, 

hepatitis C, Vitamin A deficiency or Human Immunodeficiency Virus (HIV) infection, 

ovarian or androgen dysfunction.  

- Contact lens wearers  

- Localised ocular surface pathology contributing to ocular surface disease, for example 

pterygium, pinguecula or blepharitis.   

- Does not speak English, Afrikaans, Zulu or Sotho  

 

3.2.3 Sample Size  

A sample size of 20 (17 ± 10%) for each of the control and experimental arms was calculated 

in consultation with a statistician. This yielded a total of 40 eyes and 40 patients. The following 

parameters are selected: 𝛼 (two-tailed) = 0.05, 𝛽 = 0.200 (yielding a power of 0.80) (3,5). 

 

3.3 Data Collection 

Patients that satisfy the inclusion and exclusion criteria will have a clinical history taken and 

non-invasive ophthalmological examination conducted with a slit lamp to determine if there 

is any local ocular pathology such as degenerative lesions or infections.   They will then be 

invited to participate in the study and provided with an information sheet (Appendix B). 
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Informed consent will then be taken (Appendix C). Each participant will be assigned a 

numerical study identifier cross referenced to a master list that will be kept separately and 

password protected from raw data. Data will be captured and stored in a REDcap database 

that was designed for the study (Appendix D). All electronic and physical data will be 

destroyed 5 years from the date of publication of the study. 

The OSDI questionnaire will be administered using the Allergan™ Dry Eye iPad app with the 

final score recorded in the REDcap database. If the patient is a non-English speaker an 

available nursing sister from a previously approached group of three will assist with 

translation in Zulu or Sotho. The nurse will be taught how to administer the OSDI 

questionnaire. Based on the final score the participant will be placed in either the “normal” 

(an OSDI score of 0 - 12) or “dry eye disease” (a score of ≥ 13) arms of the study.  

 

3.3.1  Measurements  

Participants will be tested in dimly lit consulting room between 10AM and 4 PM with the 

Heidelberg Engineering OCT™ instrument with a light source of 1310nm wavelength, 60nm 

bandwidth with anterior imaging module attached will be set up as follows: scan width 15mm 

at 8 frames per second, scan depth 2mm in air and optical resolution less than 10um (9,14). The 

participant will be asked to maintain central and steady gaze following a blink while an 

anterior segment OCT is performed 2 seconds later. Using infrared light, the image is captured 

in less than 1 second. Immediately after acquisition the image will be assessed to confirm the 

quality is acceptable to analyse (greater or equal to 20 on the Heidelberg Engineering™ OCT 

quality index). This process will be repeated three times.  
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Figure 4: Infrared image of inferior limbus with tear meniscus and relevant parameters shown (10)  

 

The participants AS-OCT will then be analysed at standardized magnification using the built-

in calliper function and an average of the three readings will be taken. TMH will height will be 

measured as a straight line connecting the interface of the lower tear meniscus with the 

inferior corneal surface and the lower conjunctiva in the centre of the lid. Random error will 

be minimised by taking an average of the three readings. Systematic error will be avoided by 

setting up the parameters as described previously as well confirming the OCT has been 

correctly calibrated. These measurements will be entered into the database.  

 

Participants will have standard treatment given for DED and given a follow up appointment 

for review in the eye clinic.  

 

3.3.2  Potential sources of Bias  

The OSDI has been developed and validated as a screening questionnaire for DED – however 

as with all subjective questionnaires it is subject to both respondent and researcher bias. 

These include acquiescence bias, social desirability bias, habituation, confirmation bias, 

culture bias, question-order bias and the “halo effect” (15). This will be minimised by making 

use of the Allergan™ Dry Eye iPad app and administering the questionnaire in a standardised 
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way and using consistent technique. Where the participant is a non-English speaker a  

nominated translator will be used (for example a nursing sister) and instructed to administer 

the questions in a consistent fashion. 

 

Since the study is not double blinded participants and their respective experimental arms will 

be known to the researcher and are thus subject to confirmatory bias, culture bias and the 

“halo effect”(15). This will be minimised by selecting 8 participants randomly from each cohort, 

for a total of 16 or one in 10 of all participants and having a blinded and independent examiner 

review the AS-OCT findings.   

 

3.3.3 Study Risks  

This is a cross-sectional study and thus there is a small possibility that the primary objective 

may not show a statistically useful correlation between the OSDI and TMH as measured by 

AS-OCT. The risk is mitigated by the fact that multiple other studies have indeed found a 

statistically relevant correlation, albeit in differing degrees (7,12,14).   

 

There is no inherent risk of mortality or morbidity to the patient, although slight discomfort 

may be experienced as a result of keeping the eyes open without blinking while the OCT image 

is taken. Wherever possible this will be mitigated.  

 

4. Data Analysis   

In consultation with a statistician all data will analysed as a mean ± standard deviation. 

Independent sample t-test will be applied to compare the TMH in control and “dry eye 
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disease” arms of the study provided the data is normally distributed. A cut-off value for TMH 

will be determined by analysing Receiver Operating Characteristics (ROC) and areas under 

these curves to determine optimal sensitivity and specificity.     

 

5. Ethics  

Research will be conducted in accordance with the University of Witwatersrand Steve Biko 

Centre for Bioethics guidelines together with the guiding principles of the Declaration of 

Helsinki.  

 

Signed informed consent will be obtained from each participant which will include an 

explanation of why the study is being conducted, a brief description of the relevant 

procedures involved and a commitment that all personal data will be used for research 

purposes only.  

 

There is negligible risk of morbidity with the OCT scan although in rare circumstances patients 

may experience mild neck and/or eye discomfort while sitting in front of the scanner and 

keeping the eyes open for the duration of the imaging. All efforts will be made to maximise 

patient comfort during the scan. 

 

The maximum estimated time taken per patient is 20 – 25 minutes, although it is expected 

that this will be less once data collection is underway and optimised. Participants will be 

recruited directly from the clinic on the date of their schedule appointment and thus no 

undue monetary expenditure or time commitment is expected.  
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Where a translator will be used – he or she will be a single nominated nursing sister or health 

care provider wherever possible.  

6. Timing  

 

7. Funding  

No additional funding will be required. Printing and stationary requirements will be kept to a 

minimum and be at the researchers own cost. 
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Appendix C: Information Sheet 

Translation of this information sheet into a language of your preference (Afrikaans, Sotho or 

Zulu) may be carried out by nominated nursing staff at St John Eye Hospital.  

 

Correlation between Ocular Surface Disease Index 
and tear meniscus height in dry eye disease at a 
Johannesburg tertiary eye hospital 
 

Good day, my name is Dr Daniel Erasmus and I am currently training to become an eye 

specialist doctor in the Department of Ophthalmology at the University of the 

Witwatersrand. Research is an important part of medicine as it allows doctors to offer 

better care to their patients and communities. I would like to invite you to be part of the 

study above. Your participation is completely voluntary. 

 

In this research  I would like to investigate whether there is a link between a patient 

experiencing symptoms of dry eyes and changes that can be measured on a machine called 

an OCT (Optical Coherence Tomography). This is an important question because dry eye 

problems are extremely common and can cause anything from minor inconvenience to 

severe vision loss. Furthermore the tests that we currently use to diagnose this problem 

have a variety of problems including taking a long time, being uncomfortable and 

occasionally giving inaccurate results. It is possible that the results of this study may be used 

to improve the way that we diagnose dry eye disease and ultimately result in sooner and 

better care for this condition.  

 

If you decide to be involved in this research you will be asked a few questions about your 

eye and general health and undergo a brief examination of your eyes with a bright light. This 

is not painful at all although you might feel briefly dazzled by the light for a few seconds 

following the examination. I will then ask a few short questions about any symptoms of dry 

eyes that you may have experienced in the past two weeks. I will then perform an 

examination on your eyes using a machine called an OCT. This uses non visible light rays to 

measure the amount of tears that are present at the front of the eye. This machine is 
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completely safe for your eyes although you will have to remain still on the machine for a 

short period of time. The entire process is expected to be less than 20 minutes in total.  

 

Your confidentiality and personal information is extremely important to me. A study 

number will be assigned to your data in the place of your name. I will be the only person 

that has access to your personal and medical information and this will be kept separately 

and securely. Data gathered from this study will be reviewed by myself, my supervisor, a 

statistician and the wider medical fraternity – at no time will this be personally linked to 

you. All data will be destroyed 5 years from the time it was gathered.  

 

If you decide to withdraw at any time during the study, you may do so immediately and 

without any explanation. This will not impact upon any current or future medical treatment 

you will receive at our facility.  

 

Please do not hesitate to contact me at any time if you require any further information.  

 

 

 

  

 

 

 

 

 

 

 

 

 

Thank you for taking the time to read this information sheet. 

 

 

Contact details of researcher:  

Dr Daniel Erasmus  

Tel: +27 (011) 933 8783  

Contact details of HREC Administrative Officer  

Protocol No. M190650 

Mr Rhulani Mkansi 

Tel: +27 717 1234/2656/2700     email: Rhulani.mkansi@wits.ac.za  
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Appendix D: Consent Form  

 

I, _________________________________________ (name), hereby consent to voluntarily 

participating in this study. Dr Daniel Erasmus has fully explained the purposes of the research 

he will be conducting. I acknowledge that I have read and understood the information sheet 

I have been provided with and that I am fully aware of any potential risks that may be 

associated with the procedure in question.  

• I am aware that I have the right to decline participating in this study, or to discontinue 

my participation at any time and without explanation or prejudicing my treatment for 

any current or future medical conditions.  

• I understand that my confidentiality will be maintained at all times, and no personal 

identifiable data of mine will be shared. I consent to my study data being used for 

research and educational purposes. 

• I am aware that if I have any queries or concerns they will be addressed in a timely 

manner.  

Full name and Surname    Date   Signature  

_________________________________  ___________  _______________ 

 

STUDY DOCTOR  

I, Dr Daniel Erasmus hereby confirm that I have fully informed the participating patient of the 

nature and purposes of this study as well as any potential risks that may be incurred.  

 

Full name and Surname    Date   Signature  

_________________________________  ___________  _______________ 

 

WITNESS  

Full name and Surname    Date   Signature  

_________________________________  ___________  _______________ 
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Appendix E: Data Collection Sheet  
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Appendix F: Ethics Clearance Certificate  

 

26/08/2019



 29 

 

Appendix G: Turnitin Originality Report   

 


