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Dry eye is a complex multifactorial disease of the ocular surface and tears. It is associated with ocular surface symptoms and is one of the most common causes for ophthalmologic consultation. Despite their frequent use in clinical practice, the usual tests to evaluate dry eye and ocular surface disease -history of symptoms, tear break-up time (TBUT), Meibomian gland evaluation, fluorescein staining, Schirmer's testing -have shown low reproducibility and reliability.

In addition, subjective symptoms are often weakly or poorly correlated with objective signs. Since the tear film is the first system through which light must pass, the optical quality of the eye is highly dependent on the homogeneity of the tear film. Various investigative methods have been developed to evaluate both the structural and functional quality of the tear film, such as corneal topography, interferometry, tear meniscus measurement, evaporation rate, tear osmolarity and even aberrometry. Some are easily accessible to clinicians, while others remain in the field of clinical research. All of these tests provide a better understanding of the pathophysiology of the tear film. This review hopes to provide an overview of the existing tests and their role in evaluating the significance of the tear film in visual function.

Introduction

The Dry Eye WorkShop (DEWS) is a committee of international experts whose purpose is to achieve a global concensus on the various aspects of dry eye. The 2017 DEWS II report provided the following definition: "Dry eye is a multifactorial ocular surface disease characterized by loss of tear film homeostasis associated with ocular symptoms, in which tear film instability and hyperosmolarity, inflammation and ocular surface lesions, as well as neurosensory abnormalities play etiologic roles" [START_REF] Craig | TFOS DEWS II Definition and Classification Report[END_REF]. Historically, the tear film has been viewed as consisting of three distinct layers (lipid, aqueous and mucous) with each having very distinct properties and roles. Today, more recent studies consider the tear film as a bi-layered structure, with the aqueous and mucous layers forming a muco-aqueous gel under the lipid layer [START_REF] Cher | A New Look at Lubrication of the Ocular Surface: Fluid Mechanics Behind the Blinking Eyelids[END_REF]. The roles of the tear film are multiple: nutritional for the cornea, antibacterial, and also lubricant and refractive, contributing to the quality of vision. A large number of tests have been developed to better understand and evaluate the tear film and its optical role. The goal of this review of the literature is to describe, after a review of the roles of the tear film, the most pertinent testing methods available today.

The various roles of the tear film

The lipid layer constitutes the first-line protection of the ocular surface from the external environment. It is formed of a deep layer of polar lipids, insuring cohesion with the muco-aqueous layer and the non-polar hydrophobic lipid layer, which plays a key role in tear film stability. The non-polar lipid layer slows evaporation [START_REF] Bron | Functional aspects of the tear film lipid layer[END_REF][START_REF] Knop | The International Workshop on Meibomian Gland Dysfunction: Report of the Subcommittee on Anatomy, Physiology, and Pathophysiology of the Meibomian Gland[END_REF] and controls exchange (water, oxygen and carbon dioxide) with the external environment. The lipid layer insures the interface with the external environment, protecting the cornea from micro-organisms and foreign bodies. Its optical role is paramount, smoothing the surface of the tear film and maintaining its stability.

The muco-aqueous layer is comprised of mucins diluted in water, the concentration of which increases from superficial to deep. The aqueous phase plays a primarily antimicrobial role [START_REF] Gachon | Tear lipocalin and the eye's front line of defence[END_REF] by its concentration of IgA antibodies, lysozyme, lactoferrin and beta-lysines. In addition, the tear film is very high in the growth factor EGF (epidermal growth factor), involved in the repair and maintenance of the conjunctival and corneal epithelium. The mucous phase allows for attachment of the tear film to the ocular surface epithelium through membrane mucins. It has a primary role of hydration and lubrication [START_REF] Gipson | Role of mucins in the function of the corneal and conjunctival epithelia[END_REF] by making hydrophilic the surface formed by the conjunctival and corneal epithelial cell membranes, which are naturally hydrophobic. Finally, mucins also favor the elimination of pathogenic organisms and foreign bodies by trapping them and then eliminating them upon blinking.

Optical role of the tear film

Any defective component of the tear film may considerably affect the stability and homeostasis of the tear film. The optical quality of the retinal image is the result of light passing through the ocular structures. Since the tear film is the first system which affects the passage of light, the optical quality of the eye is highly dependent on its homogeneity. A simple calculation shows the importance of this relationship [START_REF] Montés-Micó | The Tear Film and the optical Quality of the Eye[END_REF]: the anterior radius of curvature of the tear film is approximately 7.8 mm, and its index of refraction is 1.337, giving the corneal surface a refractive power of 43.2 diopters. With the tear film being between 6 and 20 microns thick, as long as the change in tear film thickness is uniform, this has only a modest effect on corneal power. Thus, a maximal change of 20 microns in the tear film radius will lead to a maximum 0.10 diopter change in corneal power. On the other hand, if the tear film becomes irregular in thickness, larger variations in tear film radius of curvature may appear in a localized fashion, which may thus generate larger variations in corneal dioptric power. Thus, a decrease in the radius from 7.8 to 7.6 leads to a 1.30 D increase in surface power [START_REF] Pisella | Rapport SFO 2015 -Surface oculaire[END_REF].

Impact of dry eye on quality of vision

Dry eye is a common condition which may significantly alter patients' quality of life [START_REF] Friedman | Impact of dry eye disease and treatment on quality of life[END_REF]. It may have psychological [START_REF] Labbé | Dry eye disease, dry eye symptoms and depression: the Beijing Eye Study[END_REF] and social repercussions, particularly at work [START_REF] Uchino | Dry eye disease and work productivity loss in visual display users: the Osaka study[END_REF]. While visual acuity is often normal by standard scales, the impact of dry eye on quality of vision is permanent.

Rieger et al. [START_REF] Rieger | The importance of the precorneal tear film for the quality of optical imaging[END_REF] had already shown in 1992 the improvement in visual field in dry eye patients after use of artificial tears, suggesting the importance of an intact, stable precorneal tear film for good optical quality. More recently, it has been proven that higher order aberrations were increased in patients with dry eye [START_REF] Montés-Micó | Wavefront analysis of higher order aberrations in dry eye patients[END_REF] and that dynamic testing of these aberrations allows quantitative, objective measurement of the severity of dry eye and its visual effects [START_REF] Denoyer | Tear film aberration dynamics and vision-related quality of life in patients with dry eye disease[END_REF]. In addition, Deschamps et al. [START_REF] Deschamps | The Impact of Dry Eye Disease on Visual Performance While Driving[END_REF] showed the impact of optical aberrations associated with the tear film on driving. With the help of a driving simulator, they observed an increase in mean reaction time and percentage of missed targets in the group of patients with dry eye compared to the control group, correlated with the increase in optical aberrations. Thus, it is paramount to consider the change in optical quality associated with the tear film among the ocular symptoms of dry eye impacting quality of life [START_REF] Miljanović | Impact of dry eye syndrome on vision-related quality of life[END_REF][START_REF]Visual acuity and quality of life in dry eye disease: Proceedings of the OCEAN group meeting[END_REF].

Contrast sensitivity and dry eye

The tear film is the first interface between the air and the focusing power of the eye; its structure and homogeneity will have a major impact on the optical quality of the eye due to the large difference in refractive index between air and the tear film. In dry eye, there is a quantitative and/or qualitative tear deficiency, leading to irregularities and/or early break-up of the tear film. These result in diffusion and optical aberrations reducing the quality of the retinal image [START_REF] Koh | Effect of tear film break-up on higher-order aberrations measured with wavefront sensor[END_REF]. It must be stated that the visibility of an object is often more limited by its lack of contrast than by its size; contrast sensitivity allows objects to be distinguished from their background. Thus, patients with low contrast sensitivity may have difficulty identifying details or distinguishing facial traits for example. Rolando et al. first showed that dry eye was associated with a decrease in contrast sensitivity compared to healthy subjects [START_REF] Rolando | Low spatial-contrast sensitivity in dry eyes[END_REF]. Contradictory results were observed on the impact of dry eye on contrast sensitivity on statistical analysis [START_REF] Huang | Effect of artificial tears on corneal surface regularity, contrast sensitivity, and glare disability in dry eyes[END_REF], but were justified notably by the fact that the patients observed an image for a prolonged time, increasing blink frequency to improve the tear film and "clean" the image [START_REF] Ridder | Impaired Visual Performance in Patients with Dry Eye[END_REF]. However, in 2005, Ridder et al. dynamically evaluated contrast sensitivity by using stimuli presented temporarily in relation to a blink. They showed temporal fluctuations in visual performance even prior to tear film break-up, proving that progressive degradation of the tear film alters contrast sensitivity [START_REF] Ridder | Effect of artificial tears on visual performance in subjects with dry eye[END_REF]. More recently, they observed an improvement in optical aberrations and contrast sensitivity after long-term instillation of artificial tears in patients with dry eye. They suggested that the changes in contrast sensitivity were the result of changes in optical aberrations [START_REF] Ridder | Contrast sensitivity and tear layer aberrometry in dry eye patients[END_REF]. A three-channel optical system simultaneously measuring low-contrast visual acuity, BUT and refractive aberrations was constructed. It was able to show that reduction in BUT was associated with reduction in visual performance and decrease in optical quality [START_REF] Liu | Measurement of the Time Course of Optical Quality and Visual Deterioration during Tear Break-Up[END_REF]. Denoyer et al. observed that a delayed blink generates subtle aberrations, more rapidly leading to high order aberrations in individuals with dry eye as well as a decreased area under the MTF (modulation transfer function) curve, corresponding to aberrometric analysis of contrast sensitivity [START_REF] Denoyer | Tear film aberration dynamics and vision-related quality of life in patients with dry eye disease[END_REF].

c. Tear dynamics and optical quality

After a blink, the tear film progresses through several phases before thinning and then breaking up on the corneal surface. These dynamics are at the origin of changes in optical quality and occur earlier in dry eye. Various tests have been conceived to evaluate these tear dynamics, such as continuous topography or videokeratoscopy. It can analyze topographic changes in the tear film between two blinks, which may contribute to visual symptoms [START_REF] Paiva | Assessing the severity of keratitis sicca with videokeratoscopic indices[END_REF], with indices of regularity and asymmetry of the ocular surface which evolve over a few seconds prior to degrading [START_REF] Németh | High-Speed Videotopographic Measurement of Tear Film Build-up Time[END_REF].

Interferometry provides indices of quality and quantity of the tear film, notably the thickness of the lipid layer. Sczesna et al. showed an interesting dynamic use of interferometry evaluating the stability of the surface of the tear film, in a research context [START_REF] Szczesna | Robust estimation of tear film surface quality in lateral shearing interferometry[END_REF][START_REF] Szczesna | Interferometric measurements of dynamic changes of tear film[END_REF]. This method allows more efficient detection of subjects with dry eye than videokeratoscopy or Hartmann-Shack aberrometry [START_REF] Szczesna | Predicting Dry Eye Using Noninvasive Techniques of Tear Film Surface Assessment[END_REF]. Videokeratoscopy and interferometry allow dynamic analysis of the structure and architecture of the tear film, from which it is possible to indirectly evaluate the optical effects. Aberrometry directly analyzes the optical effects of tear film irregularities. They are the root of wavefront deformations, or optical aberrations, which evolve between two blinks along with the tear film, with a minimum of optical aberrations appearing a few seconds after a blink before degrading [START_REF] Montés-Micó | Temporal changes in optical quality of air-tear film interface at anterior cornea after blink[END_REF].

These optical aberrations may be quantified by Hartmann-Shack aberrometry, ignoring diffusion phenomena and thus potentially overestimating optical quality [START_REF] Montés-Micó | Wavefront analysis of higher order aberrations in dry eye patients[END_REF]. Double-pass aberrometry evaluates aberrations and diffusion induced by the eye and the tear film between two blinks [START_REF] Benito | Objective optical assessment of tear-film quality dynamics in normal and mildly symptomatic dry eyes[END_REF].

Methods of tear film evaluation

Corneal topography

New functions enabling analysis of the tear film have been developed for topographers; they use the Placido disc projection technique (concentric rings). The image of this target is reflected by the anterior surface of the tear film and captured by a camera for analysis of the blink-free period.

Software then automatically detects the tear film break-up zones. Since one of the roles of the tear film is to smooth the corneal surface, the first indices used were the surface regularity index (SRI) and surface asymmetry index (SAI), which were recorded over 15 seconds without a blink. These indices showed that the optimal distribution of the tear film (the moment when the SRI and SAI values are lowest) took a few seconds in healthy patients as well as in dry eye patients [START_REF] Németh | High-Speed Videotopographic Measurement of Tear Film Build-up Time[END_REF]. One study was able to demonstrate a significant change in these indices (SRI and SAI) in dry eye patients compared to a population of healthy subjects [START_REF] Paiva Cs De | Assessing the severity of keratitis sicca with videokeratoscopic indices[END_REF]. The latest models of corneal topographers, such as the Keratograph 5M® (Oculus, Wetzlar, Germany), have additional image analysis functions. They allow for objective evaluation of the tear film and its behavior, due to noninvasive tear film break-up analysis (NIBUT, non-invasive break-up time) (Figures 1 and2), as well as non-invasive measurement of the height of the tear meniscus. Results show good correlation between clinical tests for dry eye and the NIBUT. The NIBUT is decreased in dry eye patients, with values lower than the BUT classically assessed at the slit lamp [START_REF] Gumus | Noninvasive Assessment of Tear Stability with the Tear Stability Analysis System in Tear Dysfunction Patients[END_REF]. Hong et al. [START_REF] Hong | Assessment of Tear Film Stability in Dry Eye With a Newly Developed Keratograph[END_REF] observed a NIBUT on the Keratograph 5M® significantly lower in the study population (healthy and dry eye subjects) compared to traditional fluorescein BUT (3.2 ± 2.3 seconds vs 5.2 ± 3.4 seconds; P < 0.001). Various models of keratographers exist allowing analysis of tear film stability with good repeatability and reproducibility [START_REF] Hong | Assessment of Tear Film Stability in Dry Eye With a Newly Developed Keratograph[END_REF]. The coefficient of variation is said to be around 10% with these devices, compared to 30% for traditional BUT [START_REF] Downie | Automated Tear Film Surface Quality Breakup Time as a Novel Clinical Marker for Tear Hyperosmolarity in Dry Eye Disease[END_REF]. There are no data comparisons between the different keratographers, and the range of values for normal individuals varies from 4 to 19 seconds, depending on the device. However, the data derived from a given device seems reasonably reliable and offers rather good sensitivity and specificity for distinguishing dry eye patients from healthy subjects [START_REF] Willcox | TFOS DEWS II Tear Film Report[END_REF].

Another very interesting advantage of NIBUT evaluation is video recording of tear film dynamics. The Keratograph 5M® evaluates the progression of tear film break-up over the corneal surface. It records and marks all the break-up zones on the Placido image and color-coded map according to the intensity of the tear film break-ups, then plots a time curve of tear film break-up.

The major advantage is to record the profile and break-up zones in addition to the quantitative assessment of the first break-up time and mean time of all the break-ups. It would stand to reason that an early but stable break-up may have a different impact than a break-up which continues to extend. In addition, one might imagine that an early, spotty break-up upon blinking represents poor distribution of water over a deficient mucous layer, while progressive break-ups may represent hyperevaporation.

To our knowledge, Jiang et al. [START_REF] Jiang | Noninvasive Keratograph assessment of tear film break-up time and location in patients with age-related cataracts and dry eye syndrome[END_REF] were the first to study the NIBUT zone with the Keratograph 5M®, in elderly patients with cataract and dry eye. They observed that the most frequently involved zones were the inferior peripheral tear film as well as the superior paracentral zone between 60 and 120°. Koh et al. confirmed that the most frequent first break-up zone was the inferior periphery, particularly the inferonasal quadrant in 53 % of cases and the inferotemporal quadrant in 32.7% of cases, in patients with aqueous deficiency dry eye. They found no significant difference between the various quadrants in normal subjects [START_REF] Koh | Regional Differences in Tear Film Stability and Meibomian Glands in Patients With Aqueous-Deficient Dry Eye[END_REF]. However, aside from the breakup zones, no study has analyzed the tear film break-up profiles; this might be a new parameter to study with the Keratograph 5M®. It is easily utilized in clinical practice, reproducible, and permits analysis of numerous parameters.

From elevation topography, it is also possible to analyze optical aberrations induced by the anterior cornea and tear film. Calculation of corneal wavefront aberrations is performed by computer, using the Zernicke coefficients up to the 6 th order. Thus, Montés-Micó et al. [START_REF] Montés-Micó | Dynamic Changes in the Tear Film in Dry Eyes[END_REF] have shown that dry eye patients have a more rapid, larger degradation in RMS (root mean square or mean high order aberrations, which corresponds to the difference between the wavefront deformation and the ideal wavefront when best optical correction is obtained) with the minimum tear film aberration at 2.9 ± 0.,4 seconds after a blink, compared to healthy subjects who have lower aberration values and a minimum at 6.1 ± 0.5 seconds. The latest keratographs also allow other measurements to be performed, such as tear meniscus height as well as infrared meibography.

Interferometry

Interferometry allows in vivo analysis of the thickness of the lipid layer of the tear film and its distribution. A white light projected obliquely generates so called interferometric colored fringes when it passes through the lipid film and is reflected by the lipid/water interface. The color of each fringe is determined by the thickness of the lipid film. The patient is asked to fixate on the camera and blink normally for 20 seconds for recording of the images. The unit of measurement used is the ICU (interferometry color unit), corresponding to 1 ICU for 1 nm. A normal lipid film with a thickness over 100 nanometers generates very colorful interference fringes. When it is thinner, under 60 nanometers, the images are uniformly gray (Figure 3). Various models have been developed, such as the Tearscope Plus® (Keeler Instruments, Windsor, UK), with classifications of observed abnormalities such as those of Yokoi et al. [START_REF] Yokoi | Correlation of tear lipid layer interference patterns with the diagnosis and severity of dry eye[END_REF] or Guillon [START_REF] Isenberg | The lipid layer and stability of the preocular tear film in newborns and infants[END_REF]. The study of the tear film lipid layer by Guillon et al. was performed in newborns, since, despite a low secretion of tears, they have the ability of keep their eyes open with good corneal protection. This Guillon classification is defined in 10 stages (table 1), with the highest stages found mainly in neonates, whose lipid layer is thicker than in adults, found in the lower stages.

Interferometry of a normal eye. b. Interferometry of a dry eye.

The most recent model is Lipiview® (TearScience Inc, Morrisville, NC, USA), which permits direct quantitative analysis of the lipid layer, with a recording that allows dynamic evaluation of tear film stability. The thickness of the lipid layer appears thinner in cases of dry eye compared to healthy subjects [START_REF] Blackie | The relationship between dry eye symptoms and lipid layer thickness[END_REF]. It has also been demonstrated that patients with a thin lipid layer have a higher probability of Meibomian gland dysfunction (MGD) [START_REF] Finis | Evaluation of Lipid Layer Thickness Measurement of the Tear Film as a Diagnostic Tool for Meibomian Gland Dysfunction[END_REF], especially in the case of the atrophic form, where the decrease in lipid film thickness was correlated with the loss of Meibomian glands as quantified on meibography [START_REF] Eom | Correlation Between Quantitative Measurements of Tear Film Lipid Layer Thickness and Meibomian Gland Loss in Patients With Obstructive Meibomian Gland Dysfunction and Normal Controls[END_REF]. However, there is no well-defined threshold value on interferometry; certain studies suggest a threshold below 60 nm of lipid thickness for the diagnosis of dry eye [START_REF] Blackie | The relationship between dry eye symptoms and lipid layer thickness[END_REF], and others suggest a threshold of 75 nm to diagnose atrophic MGD with better sensitivity at the expense of specificity. [START_REF] Finis | Evaluation of Lipid Layer Thickness Measurement of the Tear Film as a Diagnostic Tool for Meibomian Gland Dysfunction[END_REF] Jung et al. [START_REF] Jung | Analysis of Factors Associated With the Tear Film Lipid Layer Thickness in Normal Eyes and Patients With Dry Eye SyndromeFactors Associated With Lipid Layer Thickness[END_REF] have recently shown that numerous external factors significantly influence the thickness of the lipid layer as assessed by Lipiview®, such as age, sex, ocular surgical history and type of MGD. For example, greater age and female gender are independent factors which may increase lipid layer thickness. These results were contradictory to those found previously by Maïssa and Guillon [START_REF] Maïssa | Tear film dynamics and lipid layer characteristics-Effect of age and gender[END_REF] with the Tearscope Plus®, which showed a thinner lipid layer in subjects over 45 years with a synergistic effect of age and sex. Women over 45 years had a thinner lipid layer which was more contaminated (particles, debris, make-up in the tear film) than women under 45 years and men over 45 years. However, the lipid layer thickness on Tearscope Plus® is classified as a function of its appearance, as opposed to Lipiview®, which can provide a more precise quantitative measurement of the lipid layer thickness. History of refractive surgery of cataract surgery are negatively associated with lipid layer thickness. It is necessary to keep these factors in mind to interpret interferometry values. In addition, depending upon the type of MGD, there may be an inverse effect on the lipid layer. A hypersecretory MGD secondary to rosacea or seborrheic dermatitis would be associated with a thicker lipid layer, as opposed to atrophic MGD.

Finally, besides the existence of independent external factors which may influence lipid layer thickness, overlap between normal appearances and those found in moderate dry eye may limit its ability to discriminate. This limits the usefulness of interferometry as a reference examination in the assessment of dry eye, but it may prove useful as a supplement to other tests in certain cases of difficult diagnosis.

Assessment of the tear meniscus

The tear meniscus is the concave reservoir of tears located at the lower and upper lid margins; by volume, it represents the majority of the tear film. Measurement of the tear meniscus is thus a good marker of the total tear volume. It thus represents the basal volume of tears, as opposed to Schirmer I testing, which measures one part of reflex secretion. Various methods exist for quantifying tear volume, which is estimated in healthy subjects by fluorophotometry at 8 ± 3 μl [START_REF] Mishima | Determination of tear volume and tear flow[END_REF][START_REF] Xu | Correlation of tear clearance rate and fluorophotometric assessment of tear turnover[END_REF]. In 1996, Mainstone et al. used photographs of the tear meniscus to measure its dimensions, but this required instillation of fluorescein. These parameters were correlated to the diagnosis of dry eye, notably the height of the tear meniscus [START_REF] Mainstone | Tear meniscus measurement in the diagnosis of dry eye[END_REF]. More recently, other non-invasive tests permitting reliable measurement of the tear meniscus have been developed, such as:

1) Optical coherence tomography (OCT). Studies have shown that OCT allows for reproducible, objective analysis of the tear meniscus (Figure 4) [START_REF] Nguyen | Correlation between optical coherence tomography-derived assessments of lower tear meniscus parameters and clinical features of dry eye disease[END_REF][START_REF] Altan-Yaycioglu | Optical coherence tomography for measuring the tear film meniscus: correlation with schirmer test and tear-film breakup time[END_REF]. Various parameters can be measured on the tear meniscus, such as its height, radius, and even area. The height of the inferior tear meniscus appears to be the most coherent and reproducible between studies, but also the easiest to measure. Mean values for inferior tear meniscus height in healthy subjects vary by study from 256 ± 57 μm to 400 ± 170 μm, while values in individuals with dry eye vary from 183 ± 50 μm to 250 ± 80 μm [51-54] (Figures 4 and5). These differences may be explained by the type of study population as well as the timing of the measurement relative to a blink. The height of the inferior tear meniscus increases in the absence of a blink [START_REF] Palakuru | Effect of blinking on tear dynamics[END_REF]. Thus, Akiyama et al. have defined a threshold of 191 μm for the inferior tear meniscus height for the diagnosis of dry eye [START_REF] Akiyama | Diagnosis of Dry Eye by Tear Meniscus Measurements Using Anterior Segment Swept Source Optical Coherence Tomography[END_REF]. Other authors have set a higher threshold of 300 μm with a sensitivity and specificity of 67 and 80%, respectively [START_REF] Ibrahim | Application of Visante Optical Coherence Tomography Tear Meniscus Height Measurement in the Diagnosis of Dry Eye Disease[END_REF]. Ibrahim et al. [START_REF] Ibrahim | Application of Visante Optical Coherence Tomography Tear Meniscus Height Measurement in the Diagnosis of Dry Eye Disease[END_REF] have also shown a significant correlation between tear meniscus height and other clinical dry eye tests such as BUT, Schirmer's test and even Oxford score. However, other studies have shown a correlation only with Schirmer's testing and not with BUT, which reflects the quality of the tear film more so than its quantity [START_REF] Fukuda | Tear Meniscus Evaluation by Anterior Segment Swept-Source Optical Coherence Tomography[END_REF][START_REF] Savini | Tear meniscus evaluation by optical coherence tomography[END_REF]. These results would suggest that measurement of tear meniscus height would be a better test for aqueous deficiency dry eye. OCT has also been used to evaluate the effect of eye drops on the tear meniscus [START_REF] Akiyama-Fukuda | Evaluation of Tear Meniscus Dynamics Using Anterior Segment Swept-Source Optical Coherence Tomography After Topical Solution Instillation for Dry Eye[END_REF]; a significant increase in tear meniscus measurements is observed after instillation of ophthalmic solution (sodium hyaluronate, diquafosol or rebamipide) compared to baseline and to the test with physiologic saline in healthy subjects with measurements up to 30 minutes after instillation. Another interesting study evaluated the effect of punctal occlusion and showed an increase in tear film meniscus measurements in dry eye subjects, without significant change in healthy subjects, demonstrating the presence of a mechanism of autoregulation within the lacrimal system [START_REF] Chen | Tear Meniscus Volume in Dry Eye after Punctal Occlusion[END_REF].

2) The Kératograph 5M® (Oculus) also allows for measurement of the height of the inferior tear meniscus (Figure 6). The values obtained in studies are slightly lower than those measured by OCT, with a bit less repeatability and reproducibility [START_REF] Arriola-Villalobos | Assessment of lower tear meniscus measurements obtained with Keratograph and agreement with Fourier-domain optical-coherence tomography[END_REF]. This might be explained by images of lower quality than those of the OCT for delimiting the borders of the tear meniscus. However, the measured height of the tear meniscus by keratography remains tightly correlated with that of OCT and with clinical dry eye tests, with acceptable reproducibility and reliability for a simple, rapid, non-invasive test [START_REF] Baek | Comparison of Tear Meniscus Height Measurements Obtained With the Keratograph and Fourier Domain Optical Coherence Tomography in Dry Eye[END_REF][START_REF] Wei | Assessment of Lower Tear Meniscus[END_REF][START_REF] Tian | Repeatability and Reproducibility of Noninvasive Keratograph 5M Measurements in Patients with Dry Eye Disease[END_REF].

3) Older techniques were developed with the goal of analyzing the tear meniscus. The video-meniscometer projects black and white bands and directly analyzes the behavior of the meniscus [START_REF] Yokoi | Non-invasive methods of assessing the tear film[END_REF]. The Tearscope Plus® (Keeler Instruments) analyzes the interference image of the tear meniscus with a high quality camera attached to the slit lamp [START_REF] Uchida | Noninvasive interference tear meniscometry in dry eye patients with Sjögren syndrome[END_REF].

Tear film evaporation

Evaporation of the tear film is directly linked to the lipid layer (stability and composition) and probably to alterations in the corneal epithelium. Numerous individual factors will also have an effect on this evaporation, such as the position of the eyes or the interpalpebral surface area, or even environmental factors such as humidity, lighting conditions and temperature. The influence of age and sex has been discussed, with evaporation rates about 1.5 times higher in the population over 45 years of age or in female subjects in certain studies [START_REF] Guillon | Tear film evaporation--effect of age and gender[END_REF], while others show no impact of age or sex [START_REF] Craig | Age and gender effects on the normal tear film[END_REF].

There is currently no commercially available instrument dedicated to the detection of tear film evaporation. Therefore, researchers have either utilized homemade prototypes or modified a dermatologic instrument by attaching a closed chamber around the eye -in this case swimming goggles [START_REF] Rohit | Validating a new device for measuring tear evaporation rates[END_REF]. The fundamental principle is to use an evaporimeter, which measures humidity over time. For this, it is necessary to create an isolated chamber with watertight goggles in which the amount of water and temperature are known. Depending upon the study and the measurement systems used, evaporation rates differ greatly from one to another, with a mean of 13.57 ± 6.52 x 10 -7 g/cm 2 /s in normal subjects [START_REF] Tomlinson | Inputs and outputs of the lacrimal system: review of production and evaporative loss[END_REF], 17.91 ± 10.49 x 10 -7 g/cm 2 /s in subjects with aqueous deficiency and 25.34 ± 13.08 x 10 -7 g/cm 2 /s in subjects with evaporative dry eye [START_REF] Tomlinson | Inputs and outputs of the lacrimal system: review of production and evaporative loss[END_REF]. MGD leads to an increase in evaporation rate compared to normal subjects. Digital expression of meibum results in a transient decrease in evaporation rate in dry eye patients with MGD with daily lid hygiene, as well as in healthy subjects [START_REF] Arciniega | Changes in the evaporation rate of tear film after digital expression of meibomian glands in patients with and without dry eye[END_REF]. They experience a decrease of about 30 % in the evaporation rate over 12 minutes after lid massage compared to the measurement prior to lid hygiene, with a progressive return to baseline after 24 minutes. Essentially, the primary role of meibum is to limit evaporation of the tears [START_REF] Craig | Importance of the lipid layer in human tear film stability and evaporation[END_REF][START_REF] Pe | Application of a Novel Interferometric Method to Investigate the Relation between Lipid Layer Thickness and Tear Film Thinning[END_REF]; its expression in patients with MGD disimpacts the Meibomian glands, resulting in an increase in the thickness of the lipid layer and tear film stability [START_REF] Mitra | Tear film lipid layer thickness and ocular comfort after meibomian therapy via latent heat with a novel device in normal subjects[END_REF][START_REF] Baudouin | Revisiting the vicious circle of dry eye disease: a focus on the pathophysiology of meibomian gland dysfunction[END_REF].

Thermography permits an indirect evaluation of the evaporation rate. A thermographic image sequence of the eye is recorded with an infrared thermographic camera. The tear film evaporation rates are calculated by using the first law of thermodynamics from the recorded thermographic data [START_REF] Tan | Evaluation of tear evaporation from ocular surface by functional infrared thermography[END_REF][START_REF] Petznick | Repeatability of a new method for measuring tear evaporation rates[END_REF]. Depending upon the study, contradictory results are observed with regard to ocular surface temperature after a blink in dry eye compared to healthy subjects [START_REF] Versura | Subjective Discomfort Symptoms Are Related to Low Corneal Temperature in Patients With Evaporative Dry Eye[END_REF][START_REF] Kamao | Screening for Dry Eye With Newly Developed Ocular Surface Thermographer[END_REF][START_REF] Morgan | Infrared thermography of the tear film in dry eye[END_REF]. The most recent studies, however, show a decrease in ocular surface temperature after a blink, significantly greater in dry eyes compared to healthy subjects, and significantly correlated with BUT [START_REF] Kamao | Screening for Dry Eye With Newly Developed Ocular Surface Thermographer[END_REF]. One other study has recently shown a decrease in evaporation rate, calculated from thermographic measurements, after lid hygiene in MGD. It compared the initial evaporation rate with the evaporation rate after daily lid hygiene at 4 and 12 weeks of treatment. Patients with MGD were divided into 4 treatment groups (Blephasteam, Eyegiene, Lipiflow and classic hot compresses). They experienced a significant decrease in evaporation rate in the entire population, with a larger effect with Lipiflow.

In addition, they showed that a high initial evaporation rate (>66 W/min) was predictive of a more significant decrease in evaporation rate after lid heat treatment, for all therapies [START_REF] Yeo | Longitudinal Changes in Tear Evaporation Rates After Eyelid Warming Therapies in Meibomian Gland Dysfunction[END_REF]. The use of these examinations is, however, difficult in clinical practice due to an overly complex standardization of testing conditions (temperature, humidity and lighting).

Osmolarity

Hyperosmolarity of the tear film in dry eye is the consequence of a decrease in its volume, or in the case of normal volume, excessive evaporation with instability of the tear film. This increase in osmolarity stimulates the pro-inflammatory pathways inducing tissue damage [START_REF] Baudouin | Role of hyperosmolarity in the pathogenesis and management of dry eye disease: proceedings of the OCEAN group meeting[END_REF], through increased concentration of cytokines in the tears, changes in epithelial cell junctions, nuclear/cytoplasmic ratio and distribution of goblet cells [START_REF] Aragona | Ocular surface changes in type 1 diabetic patients[END_REF][START_REF] Warcoin | Hyperosmolarity: Intracellular effects and implication in dry eye disease[END_REF].

Mean tear film osmolarity values in normal subjects range from 270 to 315 mOsm/L [START_REF] Willcox | TFOS DEWS II Tear Film Report[END_REF],

with an overall mean of 300 mOsm/L, similar to that measured by Tomlinson et al. [START_REF] Tomlinson | Tear Film Osmolarity: Determination of a Referent for Dry Eye Diagnosis[END_REF]. There does not appear to be a pertinent statistical or clinical effect of age [START_REF] Lemp | Tear Osmolarity in the Diagnosis and Management of Dry Eye Disease[END_REF][START_REF] Caffery | Correlation of tear osmolarity and dry eye symptoms in convention attendees[END_REF], ethnicity [START_REF] Niimi | Diurnal Pattern of Tear Osmolarity and Its Relationship to Corneal Thickness and Deswelling[END_REF][START_REF] Yeh | Relationships among Tear Film Stability, Osmolarity, and Dryness Symptoms[END_REF], sex, hormonal fluctuations in women with a regular menstrual cycle or use of oral contraceptives [START_REF] Chen | Tear osmolarity and dry eye symptoms in women using oral contraception and contact lenses[END_REF] on tear osmolarity.

Tear film osmolarity may be measured by vapor pressure or by measurement of the decrease in freezing point, but the clinical use of these techniques is limited [START_REF] Mcginnigle | Evaluation of dry eye[END_REF]. A device measuring osmolarity by an electrical impedance technique has more recently been developed, TearLab® (Tearlab Inc., San Diego, USA). The advantages of this technique are the low tear volume (0.05 μl) required, the lack of the need transfer the sample, and finally the speed of obtaining the result (30 seconds for both eyes) [START_REF] Sullivan | An Objective Approach to Dry Eye Disease Severity[END_REF]. There are no well-defined threshold values for the diagnosis of dry eye; this varies between studies. Tomlinson et al. recommended 316 mOsm/L for the diagnosis of dry eye. The manufacturer of the osmolarimeter, TearLab Inc., recommends a threshold of 308 mOsm/L, while a recent multicenter trial by Lemp et al. showed that a threshold of 312 mOsm/L correctly identified 92% of normal subjects, 64% of mild to moderated dry eye subjects, and 89% of severe dry eye subjects, with a sensitivity of 73% and a specificity of 92%, whereas, with a lower threshold of 308 mOsm/L, 81%, 73% et 91% of normal, mild to moderate, and severe dry eye subjects were identified respectively. A more specific threshold of 315 mOsm/L showed good results for identifying normal subjects, 96%, and severe dry eye subjects, 87%, but only detected 56% of subjects with mild to moderate dry eye [START_REF] Lemp | Tear Osmolarity in the Diagnosis and Management of Dry Eye Disease[END_REF].

According to several studies, tear osmolarity might be considered the best measurement to diagnose and classify dry eye, with very good correlation with severity [START_REF] Baudouin | Role of hyperosmolarity in the pathogenesis and management of dry eye disease: proceedings of the OCEAN group meeting[END_REF][START_REF] Lemp | Tear Osmolarity in the Diagnosis and Management of Dry Eye Disease[END_REF][START_REF] Sullivan | An Objective Approach to Dry Eye Disease Severity[END_REF][START_REF] See | Comparison of two methods for composite score generation in dry eye syndrome[END_REF]. It is important to be attentive to two measurements: the higher of the values obtained for the two eyes, which is most indicative of dry eye severity, and the difference between the two eyes, which provides a sense of tear film instability. Essentially, as disease severity increases, tear film instability progresses and results in a larger variability of measurements over time [START_REF] Keech | Impact of time between collection and collection method on human tear fluid osmolarity[END_REF], with significant differences between the two eyes beginning in the mild to moderate stages, with 11.7 ± 10.9 mOsm/L vs. 6.9 ± 5.9 mOsm/L in normal subjects [START_REF] Lemp | Tear Osmolarity in the Diagnosis and Management of Dry Eye Disease[END_REF]. Finally, progression of osmolarity is a good follow-up marker for treatment efficacy, with a decrease in osmolarity after use of an effective treatment [START_REF] Scuderi | Effects of phytoestrogen supplementation in postmenopausal women with dry eye syndrome: a randomized clinical trial[END_REF][START_REF] Baudouin | Randomized, phase III study comparing osmoprotective carboxymethylcellulose with sodium hyaluronate in dry eye disease[END_REF].

Aberrometry

Aberrometry allows objective quantitative measurement of the total optical properties of the eye and determination of the retinal image quality. There are several types of aberrometers, of which we will only discuss the two main systems here.

Hartmann-Shack aberrometry

The principle behind Hartmann-Shack aberrometry is to analyze the reflection of a single beam (or wavefront) after projection onto the foveola. This wavefront returns deformed by the influence of the ocular media, then it is filtered by a collection of microlenses upon exiting the eye.

These fragment the wavefront into several parts before being recorded by a digital sensor. The optical aberrations of the eye are calculated from the differences recorded between the deformed wavefront and the ideal wavefront. Various measurement indices are used after.

RMS score

The difference between the deformed wavefront and the ideal wavefront is measured by the RMS (root mean square) coefficient or mean of the higher order aberrations, after correction for sphero-cylindrical aberrations. It is expressed in μm. The RMS corresponds to the square root of the sum of the squared differences, divided by the number of points used for the measurement, RMS = . Higher order aberrations (HOA) may be induced by defective
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ocular media, such as corneal or lens involvement, vitreous changes, as well as tear film instability, corresponding to monochromatic optical aberrations. These HOA cannot be corrected by glasses, which only compensate for sphero-cylindrical aberrations (2 nd order aberrations). An increased RMS thus represents increased optical aberrations. Finally, it is necessary to consider the pupillary diameter and the diameter of the measured wavefront in order to be able to interpret the RMS.

They have a significant effect on the HOA value, with a significant increase in RMS as the pupillary diameter enlarges [START_REF] Wu | Changes in monochromatic higher-order aberrations in different pupil sizes with accommodation in young emmetropes[END_REF][START_REF] Fritzsch | Monochromatic aberration in accommodation. Dynamic wavefront analysis[END_REF].

Point spread function (PSF)

An image may be broken down into a group of point sources. Knowing how the optical system treats the image of a point source (PSF = point spread function), the application of this treatment to all the points comprising the original image allows one to obtain a rendered simulation of the image. This procedure is known as convolution of the image by the PSF, for which the result, in intensity, is obtained by a mathematical tool.

MTF

The MTF (modulation transfer function) corresponds to the ability of an optical system to transfer contrast from an object to its image. It permits analysis of the contrast ratio between the object and the image formed on the foveola for each spatial frequency. This indicator may be calculated from the ocular wavefront data. A curve is obtained which describes the contrast sensitivity function, for which the area under the curve (aucMTF) may be calculated. The ordinate axis corresponds to the contrast ratio between the object and image; this is the contrast modulation.

The abscissa corresponds to spatial frequencies. A perfect optical system would show a horizontal line with a contrast ratio of 100%, which is impossible. The intersection of the curve and the abscissa corresponds to the cut-off frequency (MTF cut off); this is the theoretical maximal visual acuity. Decrease in contrast is explained notably by diffraction and optical aberrations of the eye.

Practical value

Aberrometers allow quantification of the HOA caused by tear film instability. Measurement of the RMS has allowed demonstration of a physiologic fluctuation in HOA between two blinks, even in healthy subjects [START_REF] Koh | Serial Measurements of Higher-Order Aberrations after Blinking in Patients with Dry Eye[END_REF][START_REF] Montés-Micó | Role of the tear film in the optical quality of the human eye[END_REF]. In addition, it has been shown that HOA are greater between two blinks in dry eye patients [START_REF] Montés-Micó | Wavefront analysis of higher order aberrations in dry eye patients[END_REF][START_REF] Koh | Serial Measurements of Higher-Order Aberrations after Blinking in Patients with Dry Eye[END_REF]. More recently, aberrometers coupled to a Placido disc topographer have been developed, allowing simultaneous analysis of total ocular aberrations and anterior corneal aberrations calculated from the topography. They thus permit differentiation of anterior ocular aberrations (related to the tear film and anterior cornea) from internal ocular aberrations (posterior cornea, lens, vitreous and fovea) (Figures 7 et 8). Denoyer et al. [START_REF] Denoyer | Tear film aberration dynamics and vision-related quality of life in patients with dry eye disease[END_REF] measured the progression index (PI= RMS/seconds) of HOA over a period of 10 seconds, measuring the RMS each second. They showed progression over time of the HOA of the eye related to corneal HOA (notably 3 rd order, trefoil and coma) in dry eye patients compared to healthy subjects. This progression index was also correlated with BUT and OSDI (Ocular Surface Disease Index), a questionnaire currently used in dry eye, exploring quality of life and of vision [START_REF] Schiffman | Reliability and Validity of the Ocular Surface Disease Index[END_REF].

OQAS®

The OQAS® (OQAS II; Visiometrics S.L., Tarrasa, Spain) permits objective measurement of the simultaneous effect of HOA and decreased transparency of various ocular media on the quality of the retinal image; it thus allows for analysis of the total system: diffraction, optical aberrations and diffusion. It consists of analysis of the image of the retinal reflection after projection of a monochromatic infrared light (wavelength 780 nm). After focusing, the eye forms the image of a point source on the retina. The optical path from the laser source to the retina constitutes the first pass for this system. The second pass is determined by the light directed from the retina to the sensor. The reflection of light on the retina passes through various intraocular media, then is recorded by the CCD camera (charge-coupled device). This double passage of light gives rise to the term "double pass." The reflection of light on the retina is called PSF (point spread function).

The OQAS® is equipped with an integrated autorefractor so that the retinal PSF is not altered by sphero-cylindrical aberrations.

From the PSF, the instrument's software provides the two most currently used indices with the OQAS®: the MTF explained above, and the OSI. The objective diffusion index (OSI) corresponds to the ratio of light recorded between an annular zone situated between 12 and 20 minutes of arc and a central circular zone of 1 minute of arc from the PSF image. The OSI values increase along with intraocular diffusion and range from 0 to 25.

The value of the OQAS® compared to Hartmann-Shack aberrometry is that it does not ignore the effect of diffusion of the optical system and thus does not overestimate it [START_REF] Díaz-Doutón | Comparison of the Retinal Image Quality with a Hartmann-Shack Wavefront Sensor and a Double-Pass Instrument[END_REF]. It also offers very good reproducibility [START_REF] Hu | Reproducibility of optical quality parameters measured at objective and subjective best focuses in a double-pass system[END_REF] and repeatability [START_REF] Saad | Repeatability of measurements with a double-pass system[END_REF]. Initially conceived for the objective classification of cataracts, the device may perform a dynamic analysis of the OSI over 20 seconds, with measurements every 0.5 seconds. Thus, OSI variations over this period are attributable to changes in the tear film, since the cornea, lens or vitreous cannot change over such a short time.

New indices have been developed by the program for tear film analysis, with the OSI corresponding to the mean of the OSI values recorded over 20 seconds, accounting for blinks, and the OSI SD corresponding to its standard deviation (Figure 9).

The OSI increases significantly during the period between blinks, especially in subjects with dry eye [START_REF] Benito | Objective optical assessment of tear-film quality dynamics in normal and mildly symptomatic dry eyes[END_REF][START_REF] Habay | Objective assessment of the functional impact of dry eye severity on the quality of vision by double-pass aberrometry[END_REF]. Tan et al. have shown that the OSI SD increases with worsening stage of dry eye and that it is correlated with Oxford and Van Bijsterveld scores [START_REF] Tan | Dynamic Change of Optical Quality in Patients With Dry Eye Disease[END_REF]. The OSI SD thus appears to be a good test to evaluate the impact of the tear film on optical quality. In addition, the OSI analyzed over 20 seconds would seem to be a good test to analyze optical quality in dry eye, with good correlations with the other clinical tests as well as the OSDI quality of life questionnaire, as this was recently demonstrated by our group [START_REF] Herbaut | Impact of Dry Eye Disease on Vision Quality: An Optical Quality Analysis System Study[END_REF].

Measurement of Functional Visual Acuity (FVA)

The FVA, defined as the visual acuity measured after opening the eyes for at least 10 seconds without blinking, was first described by [START_REF] Goto | Impaired functional visual acuity of dry eye patients[END_REF]. The purpose of this measurement was to simulate real-life situations such as reading, driving, and using a computer, which require prolonged gaze with a decrease in regular blinking [START_REF] Goto | Impaired functional visual acuity of dry eye patients[END_REF]. Dry eye patients complain of a change in quality of vision which is nonetheless not observed on conventional visual acuity testing. They increase their blinking compared to healthy subjects in order to compensate for their dysfunctional, unstable tear film [START_REF] Ousler | Blink patterns and lid-contact times in dry-eye and normal subjects[END_REF]. Tsubota and his group initially used the SSC-350 system (Nidek, Gamagori, Japan) to measure FVA; a series of Landolt C optotypes was projected onto a screen 1.1 m from the patient. The patient had to report the orientation of the optotypes seen by using a joystick throughout the test. Each time that the response to an optotype was correct, the optotypes became smaller; each time that the response was incorrect, the optotypes became larger.

When there was no response within the predetermined display time, the response was considered incorrect, and the optotype enlarged one step. This test, under topical anesthesia without blinking, showed a decrease in FVA in dry eye patients compared to healthy subjects and an increase in FVA in dry eye patients after punctal occlusion [START_REF] Ishida | The application of a new continuous functional visual acuity measurement system in dry eye syndromes[END_REF]. More recently, Kaido et al. introduced a new method of measuring FVA, during which subjects blink freely without topical anesthesia, so as to better reflect visual acuity under natural conditions. The display time of the optotypes was fixed at 2 seconds before changing. They showed a significant decrease in FVA in dry eye subjects compared to healthy subjects, as well as correlations of FVA measurements with dry eye tests including BUT, Schirmer's test and Van Bijsterveld score [START_REF] Kaido | The relation of functional visual acuity measurement methodology to tear functions and ocular surface status[END_REF]. Environment has an impact on dry eye, whether at work on a computer or in dry, air-conditioned offices. Dryness is especially exacerbated by prolonged working time on the computer with decreased blinking. Numerous ocular symptoms result, the most frequent of which are eye strain and the sensation of dryness [START_REF] Toda | Ocular fatigue is the major symptom of dry eye[END_REF]. The prevalence of dry eye is estimated at 60% in subjects who work on a computer [START_REF] Kawashima | Screening of dry eye disease in visual display terminal workers during occupational health examinations: The Moriguchi study[END_REF]; it results in a significant decrease in work productivity [START_REF] Uchino | Dry eye disease and work productivity loss in visual display users: the Osaka study[END_REF] which is accompanied by higher rates of anxiety and depression in dry eye subjects [START_REF] Kawashima | Associations between Subjective Happiness and Dry Eye Disease: A New Perspective from the Osaka Study[END_REF][START_REF] Na | Depression, Stress, Quality of Life, and Dry Eye Disease in Korean Women: A Population-Based Study[END_REF]. Oculomotor disturbances are also frequently associated and should be looked for, since effective treatments exist. Measurements of FVA along with a dry eye questionnaire is a valuable combination for dry eye screening, especially at work, with a sensitivity estimated at 86% in subjects who work on a computer [START_REF] Kaido | Dry-Eye Screening by Using a Functional Visual Acuity Measurement System: The Osaka Study[END_REF].

Conclusion

Dry eye is a complex, common pathology which is often underestimated due to its apparent benign nature. In particular, the visual impact of dry eye is often underestimated and poorly evaluated in patients who regularly demonstrate normal corrected visual acuity. However, these patients complain of blurring and visual fluctuations with a very significant impact on the quality of life and sense of well-being. Numerous techniques exist and are under development to analyze the tear film, its stability, and its impact on optical quality, so as to allow a better understanding of the tear film and dry eye. These methods, summarized in table 2, must play an integral part today in our diagnostic and therapeutic strategies.

Déclaration d'intérêts

Les auteurs déclarent n'avoir aucun lien d'intérêt en relation avec cet article. The first tear film break-up and its location can be seen marked by the 2 red rectangles at 3.5 seconds on the Placido image, as well as a color-coded map with all the break-ups throughout the test, and the time curve of tear film break-up with a first NIBUT at 3.5 seconds and a mean NIBUT of 6.1 seconds. Koh, 2016, [START_REF] Koh | Regional Differences in Tear Film Stability and Meibomian Glands in Patients With Aqueous-Deficient Dry Eye[END_REF] Analysis of dynamic profile and location of tear film break-up zones.

Interferometry

Blackie, 2009, [START_REF] Blackie | The relationship between dry eye symptoms and lipid layer thickness[END_REF] Finis, 2013, [START_REF] Finis | Evaluation of Lipid Layer Thickness Measurement of the Tear Film as a Diagnostic Tool for Meibomian Gland Dysfunction[END_REF] Direct quantitative analysis of lipid layer

Tear meniscus:

-OCT -Keratograph® Fukuda, 2013, [START_REF] Fukuda | Tear Meniscus Evaluation by Anterior Segment Swept-Source Optical Coherence Tomography[END_REF] Akiyama-Fukuda, 2015, [START_REF] Akiyama | Diagnosis of Dry Eye by Tear Meniscus Measurements Using Anterior Segment Swept Source Optical Coherence Tomography[END_REF] Evaluation of the tear meniscus is a good quantitative indicator of the tear film correlated with Schirmer's testing. Akiyama-Fukuda, 2016, [57] Evaluation of the effect of eye drops on the tear film.

Tear film evaporation

Yeo, 2016, [START_REF] Yeo | Longitudinal Changes in Tear Evaporation Rates After Eyelid Warming Therapies in Meibomian Gland Dysfunction[END_REF] Evaluation of the rate of evaporation after treatment for Meibomian gland dysfunction.

Osmolarity

Baudouin, 2013, [START_REF] Baudouin | Role of hyperosmolarity in the pathogenesis and management of dry eye disease: proceedings of the OCEAN group meeting[END_REF] Lemp, 2011, [START_REF] Lemp | Tear Osmolarity in the Diagnosis and Management of Dry Eye Disease[END_REF] Good correlation with dry eye severity.

Baudouin, 2012, [START_REF] Baudouin | Randomized, phase III study comparing osmoprotective carboxymethylcellulose with sodium hyaluronate in dry eye disease[END_REF] Good marker for treatment followup.

Aberrometry

Hartmann-Shack

Montés-Micó, 2004, [START_REF] Montés-Micó | Wavefront analysis of higher order aberrations in dry eye patients[END_REF] Shows the increase in optical aberrations over time after a blink. 

Figure 1 :

 1 Figure 1: Non-invasive tear film evaluation image in a healthy subject on the Keratograph 5M®(Oculus, Wetzlar, Germany). A homogeneous film can be seen on the Placido image without break-up at 9 seconds, as well as a color-coded map with no break-up, and the time curve with no break-up up to 25 seconds.

Figure 2 :

 2 Figure 2: Non-invasive tear film evaluation image in a dry eye patient on the Keratograph 5M®.

Figure 3 :

 3 Figure 3: Tear film interferometry images.
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 456 Figure 4: Evaluation of normal tear meniscus with anterior segment OCT, SD-OCT, RTVue XR® (Optovue Inc., Fremont, California) Figure 5: Evaluation of tear meniscus in case of dry eye on anterior segment OCT, SD-OCT, RTVue XR® Figure 6: Measurement of inferior tear meniscus height on Keratograph 5M ®.

Figure 7 :

 7 Figure7: Example of analysis of decomposed ocular aberrations by the KR-1W aberrometer (Topcon, Tokyo, Japan): ocular, corneal and aberrations. In this example, we see the measurements for a dry eye patient one second after a blink (left eye). In 1, the autorefraction measured by realtime aberrometry; in 2, representation of astigmatism decomposed into ocular, corneal and internal; in 3, representation of total ocular, corneal and internal HOA; in 4, simulation of optotypes seen with the ocular HOA; in 5, numeric table of values for astigmatism, total HOA and types of aberration, with decomposition into ocular, corneal and internal; in 6, the eye observed and the time after a blink, left eye at 1 second in this example.

Figure 8 :

 8 Figure 8: Image of aberrations in the same eye 5 seconds after a blink. We see an increase in total corneal and ocular HOA at the 4 mm pupillary diameter. Degradation of the optotype simulation seen by the patient.

Figure 9 :

 9 Figure 9: Example of tear film analysis with the OQAS® (OQAS II; Visiometrics S.L.). A series of 40 images is recorded. The empty images correspond to blinks. OSI = 2.27 and OSI SD = 0.74, are calculated over a period of 20 seconds. This example shows a dry eye patient with progressive increase in OSI during the time between 2 blinks.

  

  

  

  

  

  

Table 1 .

 1 This Guillon classification defined in 10 stages (table1).

	Level	Appearance of lipid layer by interferometry
	0	Absent lipid layer
	1	Vague open meshwork
	2	More detailed meshwork
	3	Distinct closed meshwork
	4	Combination of meshwork and flow/wave pattern
	5	Flow/wave pattern
	6	Combination of flow/wave pattern and amorphous appearance
	7	Amorphous
	8	Combination of amorphous appearance and colored fringes
	9	Colored fringes

Table 2 :

 2 Summary of methods for the evaluation of the tear film and its optical quality.