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Essential contact lens practice
5 – Assessment of the tear film 

ESSENTIAL CONTACT LENS PRACTICE

• Insights into contact lens wear
• Initial patient discussion
• Initial examination 1 – refraction and corneal  

assessment
• Initial examination 2 – slit lamp
• The tear film in contact lens wear 
• Contact lens selection
• Soft contact lens fitting
• Soft toric contact lens fitting
• Managing the presbyope
• Rigid contact lens fitting
• Instruction and compliance
• The aftercare
• The future for contact lenses

As soon as a contact lens is placed on to the eye, it is 
bathed in the already complex structure of the tear 
film. The ability of the tear film to maintain its 
integrity in the presence of a contact lens is crucial 
for successful contact lens wear. Tear film instabil-

ity can lead to deficiencies in the lens/tear interface, and the 
wearer reporting symptoms of dryness and discomfort, which are 
arguably the most common reasons for contact lens drop out.1  

The importance of the tear film in maintaining comfortable 
contact lens wear means that the contact lens practitioner must 
be able to carefully and accurately assess the tears, both before 
and during contact lens wear. This article will review the clinical 
examination of the tear film in contact lens practice.

 
THE TEAR FILM
The tear film plays a multifunctional role in maintaining ocular 
surface health; it not only protects and moisturises the cornea, 
but also forms the first refractive surface for light entering the 
eye.2 It was previously believed that the tear film comprised of 
three distinct layers − a mucin, aqueous and a lipid layer.3 
However, newer publications, such as the DEWS II Tear Film 
report,2 describe the tear film as a complex blended two-layer 
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structure, comprising of a mucoaqueous layer and an outer lipid 
layer (figure 1). This indicates that the mucin and aqueous layers 
are more of a continuum, with a higher concentration of mucin 
nearest to the ocular surface.3 It is currently understood that this 
complex continuum contains 20 types of mucins, approximately 
1,800 proteins and other essential components such as inflamma-
tory markers, ions, salts and electrolytes.2 Each of the different 
components of the tear film plays an important role (table 1); 
while the aqueous component provides hydration and flushes 
toxins, mucins bind to both lipid and water to help stabilise the 
tear film. The outermost lipid layer, understood to comprise at 
least 153 types of lipids, has the role of reducing evaporation and 
the surface tension of the thin film to avoid its collapse.2 

TEAR FILM-CONTACT LENS INTERACTIONS
Modern soft contact lenses are estimated to be between 15-30 
times thicker than the average tear film and therefore when a 
contact lens is inserted on the eye and becomes bathed in the tear 
film, it is vital that this delicate structure is maintained.  

Material properties will undoubtedly play a part in the stability 
of the tear film, with different materials causing different interac-
tions. For example, silicone hydrogel materials tend to deposit 
more lipid and less protein compared to high water content, ionic 
hydrogels.5 Deposits, whether protein or lipid, can affect the wet-
tability of the contact lens and have an impact on both comfort 
and vision over time,4 therefore the presence of deposits should 
be noted and managed. ➔

FIGURE 1 The structure of the tear film
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ASSESSING THE TEAR FILM
Assessing the tear film accurately is made challenging in that it is 
transparent, small in volume (approximately 8µl) and relatively 
thin (between 2 and 5.5µm).2 Additionally, the tear reflex may be 
stimulated during assessment which may affect results. 

Assessment of the tear film in practice can be achieved through 
a variety of methods. However, consistent with many aspects of 
contact lens practice, the slit lamp remains the instrument pre-
dominantly used by practitioners. Its high magnification and 
excellent optics allow detailed observation of the structures and 
integrity of the tear film. A keratometer, if available, can also be 
employed to assess tear stability by observing the clarity of the 
mires between blinks. With advances in dry eye diagnostic and 
treatment technology, more sophisticated instrumentation can 
be found in clinical practice which can provide invaluable infor-
mation on the tear film. While mainly adopted for dry eye 
management, their use for a detailed analysis of the tear film in 
contact lens practice should also be considered. This article will 
consider techniques that can be easily fitted into routine eye 
examinations and contact lens appointments, while also consid-
ering the value of newer technology.

Tear film evaluation can be divided into two areas – assessment 
of tear quantity (volume) and tear quality (stability). Each shall be 
considered in turn. 

TEAR QUANTITY
Bearing in mind that stimulation of reflex tearing will affect any 
evaluations it is generally suggested to perform the least invasive 
techniques first. As the bright light source from the slit lamp will 
inevitably provoke a degree of reflex tearing, it is advisable to per-
form any non-invasive evaluations of quantity towards the 
beginning of the assessment. Measuring the inferior tear menis-
cus height (meniscometry) will give an indication of tear volume 
(figure 2). This is simple and quick to perform and can easily form 

part of any anterior eye examination, but is especially important 
during the pre-assessment of potential contact lens wearers.

To measure tear prism height, an illuminated slit set horizon-
tally in alignment with the lower lid margin can be altered until it 
appears to match the height of the tear prism (figure 2). A value in 
millimetres can be obtained by using a horizontal slit beam and 
adjusting the slit width to match the tear meniscus height cen-
trally along the lower lid. Guillon6 proposes a clinical routine to 
incorporate the measurement of the tear film prism height in 
these positions, enabling a more comprehensive assessment of 
tear volume:

• Immediately below the pupil centre 
• 5mm nasally
• 5mm temporally.

It is generally accepted that a tear meniscus in normal eyes 
measures between 0.2 and 0.4mm.7 

The above method of meniscometry depends on observer relia-
bility, and therefore repeatability of results can vary. Newer 
instruments may allow a more accurate method of measuring the 
tear prism height by utilising reflective meniscometry to non-
invasively measure the tear meniscus using integrated callipers, 
and has been shown to have accuracy of ±0.1mm.8 Optical  
coherence tomography (OCT), now widely available in optomet-
ric practice, has been recognised by the DEWS II Methodology8 
report as a quick and simple way to measure tear meniscus height 
(figure 3). Although it recognises that further development of val-
idated measurement software is needed it recognises that it has 
shown to have good intra-observer and inter-observer  
repeatability. 

Although less commonly used in clinical practice, alternative 
invasive techniques for measuring tear volume include the 
Schirmer test and the Phenol Red Thread test. ➔

FIGURE 2 Measurement of tear meniscus height using the slit beam width 

Structure Origin Major Components Function

Lipid layer • Meibomian glands • Cholesterol esters
• Ester waxes

Retards evaporation,
lowers surface tension and provides an 
optically smooth surface

Mucoaqueous layer
(aqueous component)

• Lacrimal glands
• Corneal and conjunctival epithelial cells

• Water
• Protein
• Salts (electrolytes)

Bacteriostasis, debris flushing and 
maintenance of epithelial hydration

Mucoaqueous layer
(mucin component)

• Conjunctival goblet cells
• Glands of Moll & Krause

• Glycoprotein Renders the epithelial surface hydrophilic for 
aqueous to hydrate

TABLE 1 The origins, major components and function of each structure of the tear film
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The Schirmer test involves hooking an absorbent tear test strip 
of paper over the margin of the lower lid (figure 4). The length of 
wetting from the bend is measured in millimetres after five min-
utes. A normal tear film should produce a wetting length of more 
than 10mm. Dry eye is indicated where there is less than 5mm of 
wetting.10 The invasive nature of this technique results in exces-
sive reflex tearing, limiting the value of the test in clinical 
practice. There appears to be a reluctance to discard this test, 
which is partly due to the fact that it is still the simplest, fastest 
and least expensive diagnostic test available for assessing tear pro-
duction. DEWS II,10 while recognising the variability and 
invasiveness of the Schirmer test precludes it as a diagnostic test 
of tear quantity, recommended it as a test to confirm severe aque-
ous deficiency in conditions such as Sjögren’s syndrome. 

The Phenol Red Thread test (figure 5) has the advantage of 
being less invasive than the Schirmer test, utilising a two-ply cot-
ton thread impregnated with phenol red dye. Phenol Red Thread 
is pH sensitive and changes from yellow to red when wetted by 
tears, due to the alkaline nature of tears (pH 7.6).9 The length of 
the colour change on the thread, indicating the length of the 
thread wetted by the tears, is measured in millimetres. Wetting 
lengths should normally be between 9mm and 20mm. Values of 
less than 9mm have been shown to correlate with subjective 
symptoms of dryness. DEWS II Methodology recognise the 
Phenol Red Thread test as a realistic measurement of resting tear 
volume.10

TEAR QUALITY 
Tear quality can be assessed in a variety of ways. DEWS II suggests 
non-invasive tear break up time (NITBUT) as the preferred tech-
nique.10 This is the measurement, in seconds, of the time that 
elapses between the last complete blink and the appearance of the 
first discontinuity in the tear film. The one-position keratometer 
is the most commonly available instrument which can be 

employed to measure NITBUT in clinical practice. For  
measurement, the practitioner observes the keratometer mires 
and records the time taken from a complete blink until the mires 
begin to distort, and/or break up. One consideration which could 
affect measurement is that the keratometer is limited to assessing 
a small area, only providing information on tear break up in the 
central cornea.

Placido disc topographers, use white illumination and Placido 
discs to visualise the tear film. These instruments allow visibility 
of the majority of the corneal surface and can automatically 
detect and record the time of first break up (figure 6). 

OBSERVATION OF THE LIPID LAYER
The lipid layer can be viewed by utilising the technique of specu-
lar reflection on a slit lamp. Viewing the first Purkinje image with 
a narrow slit beam, lipid interference patterns can be observed 
(figure 7). As a general rule the brighter the coloured fringes 
appear, the thicker the lipid layer, whereas a dull, grey appearance 
may indicate a thinner layer. While a useful technique, the 
observer is limited to viewing a small area at a time, and the prac-
titioner should be cautious that the heat of the slit lamp does not 
produce artificial drying. 

Lipid layer interferometry can also be employed to assess the 
lipid layer thickness and many of the dry eye diagnostic devices 
include this feature. This is a more advanced examination 
method, giving practitioners an accurate and quantitative meas-
urement of this delicate layer (figure 8), with a healthy lipid layer 
thought to be approximately 40nm thick.10 Considering the 
importance of the lipid layer in maintaining tear film stability, 
interferometry can be a useful tool for practitioners wanting to 
examine the lipid layer in greater detail. 

FLUORESCEIN TEAR BREAK UP TIME
Traditionally, tear break-up time has been measured by staining 

FIGURE 3 OCT visualisation (a) and measurement of (b) the tear 
meniscus height using integrated callipers
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FIGURE 4 Schirmer Test to measure tear quantity using an absorbent 
strip

FIGURE 5 Phenol Red Thread test to measure tear quantity using a 
cotton thread with phenol red dye
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the ‘transparent’ tears with fluorescein to assist with observing and viewing the tear film under 
cobalt blue light (figure 9). Additional use of a yellow ‘Wratten’ filter further improves observa-
tion of fluorescence. The stain is usually applied by wetting a fluorescein-impregnated strip with 
saline, then shaking off any excess liquid and gently touching the conjunctiva with the strip tip. 
Touching the eye with the paper strip will induce a degree of reflex tearing and instilling too 
much fluorescein may swamp the normal 8µl tear film, destabilising it. Furthermore, the addi-
tion of fluorescein to the tear film alters the physical interactions between its layers, which 
reduces the surface tension and, hence, affects the break up time value.11 It should be noted that 
while this technique is invasive, it is still widely used as a method of tear film assessment in prac-
tice. Studies have shown that when care is taken to instil a minimal amount of fluorescein that 
results are comparable with non-invasive techniques.11 Using this technique, a value of less than 
10 seconds is typically considered abnormal.12 

LIDS, LASHES AND BLINKING
The lids and blinking play an important role in the formation and maintenance of a healthy tear 
film,13 therefore careful observation should be included in a full tear film assessment. Blinking 
frequency can be observed during slit lamp examination with diffuse illumination, or during 
history and symptoms. A typical blink pattern should be approximately one blink every three to 
four seconds, ie between 15 and 20 blinks per minute.14 The tear film is maintained and formed 
through blinking, and so a reduced blink rate or impartial blink can have a detrimental effect on 
tear film stability. 

It is important not to forget that the lipid layer comprises lipids produced by the meibomian 
glands and so once any non-invasive methods of assessing the tear film quantity and quality have 
been carried out, the other ocular surface structures that contribute to the stability of the tear 
film should also be evaluated. This slit lamp assessment should begin with diffuse illumination 
to achieve a general overview. Lashes, lid margins, the inner and outer canthi and meibomian 
glands should all be examined. Traces of make-up and blepharitis will impact tear film stability. 

While slit lamp examination will only allow clear observation of the meibomian gland ori-
fices, use of infrared meibography will allow observation of the whole gland (figure 10). As well 
as allowing practitioners a more detailed view of the meibomian glands, the images can be a use-
ful tool for educating patients on the management of their tear film and/or symptoms. 

CONCLUSION 
Examination of the tear film is one of the most important aspects involved in the fitting and 

FIGURE 6 Assessment of 
NITBUT. Break up time is 
automatically recorded but 
can also be observed as 
break-up of the Placido rings 
(white arrow)

FIGURE 7 Observation of the 
lipid layer coloured fringes 
(white arrow) using specular 
reflection 

➔
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aftercare of contact lens patients. The very nature of contact lens 
wear results in a tear film that is thinner and less stable than the 
undisturbed tear film. The transparency of the tears makes it diffi-
cult to examine, and the challenge to the practitioner is in 
developing skills to visualise the structure without causing dis-
ruption. Use of non-invasive, or minimally invasive techniques 
increases the accuracy of tear film assessment and should be 
employed where possible. No one test is enough, and a combina-
tion of tests to assess both tear film quality and quantity is 
recommended. In addition, consideration of patient symptoms is 
critical in the overall clinical assessment in both selecting an ini-
tial contact lens material, and for continuous care. •
Marie-Therese Hall is an Optometrist and a paid consultant 
faculty member for the Johnson & Johnson Institute, UK and 
a Professional Affairs Consultant for Johnson & Johnson 
Vision. Dr Rachel Hiscox is a Professional Education & 
Development Manager, UK & Ireland for Johnson & Johnson 
Vision Care.  
• This article is part of a revised and updated ‘Essential Contact 

Lens Practice’ series, originally authored by Jane Veys, John 
Meyler and Ian Davies. This article was produced without fur-
ther input or review from the original authors.
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FIGURE 8 Examination of the lipid layer using interferometry. Few coloured fringes can be seen when the lipid layer is thin (a) compared to when it is 
thicker (b) 
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FIGURE 9 Fluorescein tear break up time, observed as the time taken 
from a blink to the observation of the first break up, shown here 
inferiorly as black streaks 

FIGURE 10 Observation of the inferior meibomian glands using infrared 
interferometry. Glands are seen as white stalks extending from the lid 
margin. Here the glands are shortening, with almost complete loss of a 
gland centrally


