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Clinical relevance: 

The height of the tear meniscus (TMH) is a generally accepted method to evaluate 

tear film volume, especially in dry eye diagnoses and management. 

Background:  

The purpose of this study was to evaluate the ability of different methods to measure 

tear meniscus height accurately and repeatably. 

Methods: 

Lower TMH of 20 volunteers (26.8±5.6years) was measured by two observers (OI 

and OII) using optical coherence tomography (OCT), slit-lamp microscope image 

analysis, and with a reticule at low (8x) and high (32x) magnification. TMH was also 

evaluated by both observers by comparing TMH to the lid margin`s thickness (lid-

ratio; grade 0: TMH 1/2 lid margin thickness; grade 1: 1/3; grade 2: 1/4; grade 3: 1/5; 

grade 4: 1/6) and to number of eyelashes fitting in the tear meniscus. Differences 

between observers were analysed by paired-t-test. Differences between OCT-TMH 

and other methods was analysed by ANOVA, and inter-observer repeatability by 

intra-class-correlation-coefficient (ICC). The ability to predict OCT-TMH was 

calculated by receiver operative characteristic curve (ROC). 

Results:  

There was no significant difference between OI and OII in all methods except of the 

eyelash-count-method (p=0.008). For OI, TMH measured using a reticule at 8x 

(0.20±0.05 mm) was significantly lower than OCT-TMH (0.24±0.07 mm) (p=0.032) 

but not at 32x (0.22±0.01 mm; p=0.435). TMH evaluated by the image software of the 

slit-lamp (0.20±0.05 mm) was significantly lower than OCT-TMH (p=0.022). Lid-ratio-

method and eyelash-count-method resulted in grades of 2.35±1.22 and 2.85±0.81 

respectively. ROC analyses showed that only the 8x and the 32x magnification 

method could discriminate between normal and abnormal OCT-TMH. OCT had the 

best repeatability (ICC=0.88;p<0.001) followed by reticule using 32x magnification 

(ICC=0.70;p=0.004).  

Conclusion:  

The most reliable method to measure TMH was OCT followed by slit-lamp using a 

reticule. TMH cannot be reliably evaluated by comparing it against lid margin 

thickness or number of eyelashes. 
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The tear fluid on the ocular surface is present in the exposed area between the lids, 

in the conjunctival sac of the upper and lower lids and in the tear menisci along the 

lid margins. The tear menisci hold approximately 75–90% of the overall tear fluid 

volume and serve as reservoirs, supplying tears to the precorneal tear film.1-3 Tear 

volume assessment is an important clinical metric as it allows subclassification of dry 

eye disease into predominantly evaporative or aqueous deficient.4 

 

Measurements of tear meniscus height (TMH), tear meniscus radius (TMR) or tear 

meniscus cross-sectional area (TMA) are generally accepted methods to evaluate 

tear film volume, especially in dry eye diagnosis and management.4,5 Tear meniscus 

parameters can be influenced by time after a blink, diurnal variations, measurement 

location along the lids, presence of conjunctival folds, climate, and illumination 

technique.4,6,7 A TMH of 0.20 mm or below is assumed to be an indicator for aqueous 

deficiency.4 

 

Several methods to measure TMH have been published such as using a reticule at 

the slit-lamp, image capture, reflective meniscometry, interferometry and optical 

coherence tomography.2,5,8-14 TMH obtained using those methods varied between  

0.12 and 0.46 mm in healthy eyes. 15 TMH measured by OCT has shown good 

repeatability (ICC= 0.900 - 0.981), and high sensitivity (67.0 - 80.5%) and specificity 

(81- 89.3%) for the diagnosis of dry eye disease.16-18 Interferometry allows 

measurement of TMH about as reliably as does OCT (ICC= 0.870 – 0.920).10 Image 

capture techniques have similar repeatability to OCT, but are more repeatable than 

using a reticule with a slit-lamp.9,19 Lower magnification and limited image resolution 

create difficulty in defining the upper edge of the meniscus.9 To enhance visibility of 

the meniscus at the slit-lamp, and therefore the repeatability of TMH measurements, 

the use of a Tearscope has been recommended.20 Alternatively, in measuring the 

TMR with reflective meniscometry there is no need to detect the upper limit of the 

meniscus.21 Reflective meniscometry was suggested to be a useful surrogate for 

OCT measurements of TMR.12 

 

While some of these methods require separate, costly instrumentation and are 

generally used for research purposes (e.g. interferometry and optical coherence 
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tomography), other simpler tools that utilise the slit-lamp can easily be integrated into 

a routine eye examination (e.g. reticule, image capture or reflective meniscometry).  

Interestingly, many clinicians use alternative methods at the slit-lamp that have not 

been validated yet, such as the comparison of the TMH with the lower eye lid 

thickness or to eye lash thickness; TMH is assumed to be at least as high as the 

thickness of 2 eye lashes or higher than 1/3 lid thickness.22,23  

 

Consequently, the aim of this prospective study was to evaluate the agreement and 

repeatability of different objective and subjective methods to measure tear meniscus 

height. 

 

METHODS 

Participants 

Twenty participants with a mean age of 26.8 ± 5.6 (SD) years (10 females) were 

recruited from the students of the Höhere Fachschule für Augenoptik Köln (Cologne 

School of Optometry), Cologne, Germany. To analyse accuracy of the techniques the 

height of the tear meniscus was evaluated by optical coherence tomography (OCT, 

iVue, Optovue, Inc., Fremont, USA) and compared to the height of the tear meniscus, 

evaluated using different techniques, as described below. Furthermore, inter-

observer repeatability was analysed. The TMH of the participants was measured by 

the two observers (OI and OII), with all four techniques, in a randomised order 15 to 

60min apart. The observers were masked against each other. Measurements were 

obtained between 9 and 12 o’clock, and 3–4 seconds after a normal blink. The study 

was conducted in a room with controlled temperature (20°C to 23°C) and humidity 

(44% to 53%).  

 

Participants were excluded if they had a current or previous condition known to affect 

the ocular surface or tear film, if taking medication known to affect the ocular surface 

and/or tear film, and/or if they had worn any type of contact lens on the measurement 

day. All participants gave written informed consent before taking part in the study. 

The procedures obtained the approval of the Cardiff School of Optometry and Vision 

Sciences Human Ethics Committee and were conducted in accordance with the 

requirements of the Declaration of Helsinki. Given a repeated measure standard 
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deviation of ~0.15mm for slit lamp imaging,24 the sample size allowed a difference of 

0.05 mm to be detected with 80% power (G*Power, Franz Faul, University Kiel, 

Germany).  

 

Procedures 

Optical Coherence Tomography: 

The height of the central, lower TM of the participants was measured using optical 

coherence tomography (OCT, iVue, Optovue, Inc., Fremont, USA) (Figure 1). TMH 

on the OCT images was measured using the inbuilt calipers of the manufacturer 

provided software. The mean of 3 consecutive measurements was noted. 
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Figure 1. Tear meniscus height measured by OCT (iVue, Optovue, Inc., Fremont, 

USA) 

 

Slit-Lamp Microscope – Reticule Method: 



 7 

The central TMH of the lower lid was observed using a reticule at the slit-lamp (Zeiss 

SL 120, Zeiss, Oberkochen, Germany) with low (8x) and high (32x) magnification 

(Figure 2). To enhance visibility of the meniscus at the slit-lamp without affecting the 

TMH, a Tearscope Plus (Keeler Ltd, Windsor, GB) was used. The mean of 3 

consecutive measurements was noted. However, each reticule is calibrated to a 

certain magnification. Therefore, if a higher magnification is used, the readings of the 

reticule need to be divided by the quotient of higher magnification / calibrated 

magnification. In this study, the reticule was made to be used with 8x magnification 

and when using it with a 32x magnification, the measured TMH was divided by 4.  

 

Figure 2. Tear meniscus height measured with reticule at the slit-lamp, top (8x), 

bottom (32x). 
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Slit-Lamp Microscope – Image Analyses: 

The TM was photographed at 32x magnification using the in-built video camera 

(Check & Review Cam, Wagner and Guder Medical GmbH, Bad Sulza, Germany) of 

the slit lamp microscope (Figure 3). To enhance visibility of the meniscus at the slit-

lamp without affecting the TMH, a Tearscope Plus (Keeler Ltd, Windsor, GB) was 

used. The height of the photographed TM was measured using ImageJ 1.53 

(http://rsbweb.nih.gov/ij) image analyses software. The mean of 3 consecutive 

measurements was noted. 

 

Figure 3. Tear meniscus height measured with image analysis at the slit-lamp. 

 

Slit-Lamp Microscope – Comparison Method: 

In the “comparison method” TMH was compared to eye lid or eye lash thickness 

(Figure 4). To enhance visibility of the meniscus at the slit-lamp without affecting the 

TMH, a Tearscope Plus (Keeler, Windsor, GB) was used. The tear meniscus was 

quantified by comparing the height of the tear meniscus to the lid margin`s thickness 

(lid ratio; grade 0: TMH 1/2 lid margin thickness; grade 1: 1/3; grade 2: 1/4; grade 3: 

1/5; grade 4: 1/6) and to number of the lashes fitting in the tear meniscus (eye lashes 

count).  
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Figure 4. Tear meniscus height estimation by the comparison method. Tear 

meniscus height was compared to eye lid thickness (red arrow) or eye lash thickness 

(blue arrows). 

 

Statistical analyses 

Data were tested using the Shapiro-Wilk test and were not statistically different from 

a normal distribution (p>0.05). Differences between the measurements of the two 

observers were analysed by paired t-test and the 95% limit of agreement (LoA) was 

calculated using the Bland Altman method. The ability of the different techniques to 

differentiate between normal and abnormal OCT tear meniscus height was analysed 

by receiver operative characteristic curve (ROC). The areas under the curve (AUC) 

were calculated using OCT cut-off values of 0.20 mm, 0.22 mm and 0.24 mm. 

OCT-TMH was considered as the gold-standard; hence, differences between OCT 

measurements and those of the other techniques were analysed using an ANOVA 

followed by the Holm-Sidak test for the observer OI. The intra-class correlation 

coefficient (ICC) was calculated to analyse intra-rater reliability, with the following 

ranges: 0-0.20 slight; 0.21-0.40 fair; 0.41-0.60 moderate; 0.61-0.80 substantial; 0.81-

1.00 (almost) perfect.25 Data were analysed using BiAS, (Espilon-Verlag, Frankfurt, 

Germany) and SPSS Version 22.0. (IBM Corp, Armonk, USA). 

 

RESULTS 

The descriptive data of the measurements of both observers with the different 

methods are summarised in Table 1. Based on the paired t-test, there was no 
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significant difference between OI and OII for all methods except the eye lashes count 

method.  

 

Optical Coherence Tomography: 

There was no statistically significant difference between OCT-TMH measured by OI 

(0.24 ±0.07 mm) and Oll (0.24 ±0.09 mm) (paired t-test: p=0.911; 0.00 mm; 95% LoA 

-0.10 to 0.10 mm). 

 

Slit-Lamp Microscope – Reticule Method: 

For the reticule at 8x magnification, TMH measured by OI (0.20 ±0.05 mm) and Oll 

(0.21 ±0.04 mm) was not statistically significant different (p=0.940; +0.01 mm; 95% 

LoA -0.10 to 0.10 mm). At 32x magnification there was also no statistically significant 

difference between Ol (0.22 ±0.01 mm) and Oll (0.20 ±0.05 mm) (p=0.198; -0.02 mm; 

95% LoA -0.13 to 0.09 mm). 

 

Slit-Lamp Microscope – Image Analyses: 

The mean TMH measured by OI (0.20 ±0.05 mm) was not statistically significant 

different from Oll (0.21 ±0.07 mm) (p=0.153; +0.01 mm; 95% LoA -0.10 to 0.14 mm).  

 

Slit-Lamp Microscope – Comparison Method: 

The lid ratio method resulted in a similar grade for OI (0.25 ±0.07) and Oll (0.25 

±0.04) (p=0.300). However, for the lash count method, the mean grade for Ol (2.85 

±0.08) was statistically significantly greater than for Oll (2.38 ±0.06) (p=0.008).  

 

ROC analyses: 

ROC analyses showed, that only the 8x and the 32x magnification method were able 

to discriminate between normal and abnormal OCT-TMH (Table 2). Based on the 

DeLong test, the AUC for these two methods were not statistically different 

(p=0.892). When using a higher cut-off value, all 3 slit-lamp methods were able to 

detect an abnormal tear meniscus (Table 2). No significant difference in terms of 

predictive ability was identified by the DeLong test (p>0.801). 

 

Comparison between the different methods: 
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TMH evaluated by the image software of the slit lamp was significantly lower than 

OCT-TMH (p=0.022, mean difference=0.04 ±0.06 mm). However, there were no 

statistically significant differences between the 3 methods: 8x magnification, 32x 

magnification and image analyses (p=0.228). TMH measured using a reticule at 8x 

magnification was significantly lower than OCT-TMH (p=0.032, mean difference=0.04 

±0.06), but not at 32x magnification (p=0.435, mean difference=0.02 ±0.07 mm). 

OCT-TMH results were grouped by (i) lid ratio grades and (ii) eye lashes count 

(Table 3). There were no statically significant differences between the OCT 

measured TMH between each of the grades of the lid ratio (p=0.542) or between 

each of the grades of eye lashes count (p=0.298) and there was no obvious trend of 

increase OCT TMH with grade value.  

 

Repeatability of the methods: 

Based on ICC calculation, all types of TMH evaluation were substantially repeatable 

(intraclass coefficient (ICC) >0.67, p>0.05), except the lid ratio approach. The best 

repeatability in terms of absolute agreement was shown by OCT (ICC 0.88, 

p<0.001), followed by reticule using 32x magnification (ICC=0.70, p=0.004) (Table 4).  

 

DISCUSSION 

This study analysed the repeatability and usefulness of different clinical methods to 

measure tear meniscus height. The TMH measurements using the slit-lamp 

microscope with reticule (0.20 ±0.05 mm and 0.22 ±0.01 mm) as well as the OCT 

measurements (0.24 ±0.07 mm) are in good agreement with literature.19,26-28 

Imamura et al.19 reported a significantly higher TMH measured with a swept-source 

optical coherence tomography (SS-OCT) in comparison to conventional slit lamp 

microscope method with a reticule. However, this was only the case when using 8x 

magnification, not 32x magnification. This difference might be due to the higher-

resolution OCT images and higher slit-lamp magnification that enhances the ability to 

identify the upper and lower limits of the tear meniscus. 

 

Subjects were grouped between low tear meniscus height (OCT-TMH ≤0.20 mm) 

and normal tear meniscus height (OCT-TMH >0.20 mm) and the ability of the 

different methods to discriminate between both was analysed by ROC. However, 

only slit-lamp observation using a reticule was a significant discriminator but not all 
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the other methods. This was not surprising for the lid ratio or the eye lashes count, 

since lid and eye lash thickness can be highly variable in humans.29,30 

 

As OCT-TMH appears to be higher in the literature than when using a slit-lamp,19 

higher cut-off values than reported in the TFSO DEWS II report were also applied. 

Interestingly, using amended cut-off value of 0.22 mm or even 0.24 mm showed that 

image analyses are also a significant discriminator of normal and abnormal OCT-

TMH, too – but still not lid ratio or the eye lashes count method. The amended cut-off 

values were calculated by adding the differences between OCT and slit lamp 

observations - evaluated in this study - to the cut-off value of 0.20 mm, 

recommended by the TFOS DEWS II Report.4  

 

Anecdotally, the tear meniscus height should be at least 1/3 of the lid thickness or 2 

eye lashes thick.22,23 The lid ratio method is defined to be the comparison between 

TMH and the thickness of the lid margin measured from the eye lash line to the 

posterior edge of the lid margin. This approach is questionable, as every patients lid 

thickness may be different and such this would result in different TMH. Furthermore, 

this study showed, that regardless which ratio was observed, almost the same 

effective OCT-TMH of 0.23 mm to 0.27 mm (lid ratio) or 0.23 mm to 0.26 mm (eye 

lash count) was measured. Furthermore, there seems to be a perspective distortion 

when lid thickness is measured in frontal view with the slit-lamp, as lid thickness 

measurements are on average 2.7x larger when measured from side view with the 

Pentacam.30,31 The lid ratio cut-off for abnormal TMH is anecdotically reported to be 

“TMH = 1/3 of lid thickness”, that one of eye lash count “2 lashes”. The results listed 

in table 3 clearly demonstrated the huge possible number of false positives in both 

methods. 

 

Inter-observer repeatability was analysed, and all of the methods appeared to be 

repeatable, except the lid ratio method. In terms of the intra class coefficient the most 

repeatable method was OCT, followed by use of a reticule at 32x magnification and 

image analyses. The alternative methods “lid ratio” was not repeatable (p=0.092) but 

the “eye lash count” demonstrated fair repeatability.  
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However, repeatability simply means, that two observers would give the same score, 

degree or measurement of an evaluation for the same observation. As described 

above, both methods “lid ratio” and “eye lash count” are not able to detect differences 

between TMH nor are usable to discriminate between normal and abnormal TMH. In 

contrast, slit-lamp observation using a reticule or image analyses software appears to 

be an accurate method. 

 

For TMH measurement, Arita et al.10 reported an intraclass coefficient (ICC) of 0.87 

for an interferometry device and of 0.89 for a swept source OCT. Using the same 

swept source OCT, Imamura et al.19 found an ICC of 0.93 and for the slit-lamp 

reticule technique an ICC of 0.761. In the present study the results were close to 

these numbers, with an almost perfect ICC of 0.89 for spectral domain OCT, and a 

substantial ICC of 0.70 for the slit-lamp reticule technique (32x magnification). The 

results of the slit-lamp reticule technique using an 8x magnification was moderately 

repeatable. Thus, a higher magnification at the slit-lamp seems to improve the 

reproducibility of the TMH measurements which can attributed to the higher 

measurement resolution of the image.9  

 

 

CONCLUSION 

OCT-TMH measures were higher than those obtained using slit-lamp biomicroscopy 

with a reticule or image analysis software. However, this difference may be marginal 

from a clinical point of view. TMH cannot be evaluated by comparing it against lid 

margin thickness or the number of eye lashes. The most repeatable method to 

measure TMH was OCT, followed by a reticule using 32x magnification of the slit 

lamp microscope. In clinical practice, a higher magnification of the slit lamp 

microscope may improve accuracy and repeatability when measuring the TMH.  
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Table 1. Descriptive data for mean and SD values of observations grouped by 

observer l and observer ll. 

 

 

 
Observer I Observer II  

 

 
Mean SD Mean SD p-value 95 % LoA 

TMH OCT [mm] 0.24 ±0.07 0.24 ±0.09 0.911 -0.10 to 0.10 

TMH Reticule 8x [mm] 0.20 ±0.05 0.21 ±0.04 0.940 -0.10 to 0.10 

TMH Reticule 32x [mm] 0.22 ±0.01 0.20 ±0.05 0.198 -0.13 to 0.09 

TMH Image Analyses [mm] 0.20 ±0.05 0.21 ±0.07 0.153 -0.10 to 0.14 

TMH Lid-Ratio 0.25 ±0.07 0.25 ±0.04 0.300 -0.14 to 0.11 

TMH Lid-Ratio [mm] 0.14 ±0.04 0.13 ±0.03 0.272 -0.09 to 0.07 

TMH Eye Lashes Count 2.85 ±0.08 2.38 ±0.06 0.008 -1.77 to 0.82 

TMH Eye Lashes [mm] 0.19 ±0.05 0.15 ±0.04 0.008 -0.12 to 0.05 
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Table 2. Ability of the different methods to discriminate between normal and 

abnormal OCT-TMH at different cut-off values using receiver operative characteristic 

curve (ROC). Area under the curve (AUC), standard deviation (SD), 95% confidence 

interval (CI) and p-value (p).   

 

 

Cut-off 0.20mm AUC SD 95% CI p 

TMH Reticule 8x [mm] 0.946 ±0.055 0.839  1.000 <0.001 

TMH Reticule 32x [mm] 0.905 ±0.078 0.753  1.000 <0.001 

TMH Image Analyses [mm] 0.691 ±0.149 0.398  0.983 0.201 

TMH Lid Ratio Grade 0.732 ±0.139 0.464  1.000 0.090 

TMH Eye Lashes Count 0.661 ±0.115 0.436  0.885 0.161 

Cut-off 0.22mm     

TMH Reticule 8x [mm] 0.823 ±0.080 0.668  0.979 <0.001 

TMH Reticule 32x [mm] 0.742 ±0.117 0.514  0.971 0.038 

TMH Image Analyses [mm] 0.758 ±0.112 0.537  0.978 0.022 

TMH Lid Ratio Grade 0.581 ±0.133 0.321  0.841 0.543 

TMH Eye Lashes Count 0.546 ±0.128 0.295  0.796 0.721 

Cut-off 0.24mm     

TMH Reticule 8x [mm] 0.833 ±0.079 0.679  0.987 <0.001 

TMH Reticule 32x [mm] 0.817 ±0.099 0.624  1.000 0.001 

TMH Image Analyses [mm] 0.802 ±0.104 0.599  1.000 0.004 

TMH Lid Ratio Grade 0.651 ±0.130 0.396  0.906 0.245 

TMH Eye Lashes Count 0.516 ±0.104 0.261  0.771 0.904 
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Table 3. OCT measurements sorted by lid ratio or eye lashes count approach (none 

of the OCT measurements showed a lid ratio of 1/2 or degree 1 in terms of the eye 

lashes approach). There are no significant differences between the grades of the lid 

ratio (p=0.542) or between the grades of eye lashes count (p=0.298). 

 

 

TMH – Lid 

Ratio 

Mean TMH - 

OCT 

SD TMH – Eye 

Lashes Count 

Mean TMH - 

OCT 

SD 

1/2 n/a n/a 1 n/a n/a 

1/3 0.26 ±0.06 2 0.23 ±0.04 

1/4 0.24 ±0.07 3 0.26 ±0.08 

1/5 0.23 ±0.04 4 0.25 ±0.04 

1/6 0.27 ±0.08    
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Table 4. Inter-observer repeatability based on the intraclass coefficient (ICC) and 

standard deviation (SD). Observer I (OI) and observer II (OII). 

 

 

 
ICC SD p 

OCT-TMH 0.884 ±0.000 <0.001 

TMH Reticule 8x 0.594 ±0.033 <0.001 

TMH Reticule 32x 0.702 ±0.004 <0.001 

TMH Image Analyses 0.685 ±0.007 0.077 

TMH Lid Ratio 0.289 ±0.902 0.092 

TMH Eye Lashes 0.402 ±0.764 0.031 

 

 

 

 

 

 

 

 

 

 

 


