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Abstract

Background: Tear film stability is essential for healthy vision. More than one test should be used to examine tear film status. The tear 
ferning test is used as a valuable and repeatable tool to examine the quality of tears in animals and human. The current study aimed 
to report and discuss the most recent use of the tear ferning test to diagnose dry eye in animals and human.

Main text: The tear ferning test involves the collection of a tear sample using a capillary tube. The tears were allowed to dry in a 
controlled environment, and the patterns produced were observed and inspected using a light microscope. The four-point tear fern-
ing grading scale that included type I or II (normal eye) and types III or IV (dry eye) is used to grade tear ferning patterns. Another 
grading scale is developed, which consists of five grades and is used in 0.1 increments. A grade > 2 is defined as dry eye. The tear 
ferning test has been applied to assess the quality of tears among birds, reptiles, and other animals, such as rabbits, cats, dogs, mon-
keys, horses, and camels. The tear ferning test has been used to investigate the effect of various disorders, such as the thyroid gland, 
diabetes, high body mass index, high blood cholesterol level, and vitamin deficiency on tear film. The effect of beverages such as green 
tea and peppermint that are rich in polyphenols on the tear film have been evaluated. Moreover, the effect of eyedrops on the tear film 
and addition of electrolytes on tear ferning patterns of eyedrops was studied.

Conclusion: The tear ferning test is an easy-to-perform and inexpensive tool to evaluate the quality of tears in animals and human. 
It can be used in combination with other tests to detect dry eye symptoms.
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Introduction

The stability of the tear film is essential in healthy vision [1-5]. Various factors affect tear film structure, stability, and composition, 
such as rate of tear flow, ocular disease, age, and conjunctival stimulation [6,7]. The lipid content of the tear film, which is produced by the 
meibomian glands, is responsible for the prevention of tear evaporation [8]. The aqueous content of the tear film is rich in electrolytes in 
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addition to large molecules, such as vitamins, proteins, and hormones [9]. The aqueous medium protects the tear film against microorgan-
ism infections and provides a smooth ocular surface [10]. The lacrimal glands and accessory glands of Krause and Wolfring are respon-
sible for the production of aqueous content of the tear film [11]. Moreover, the tear film contains mucins that lubricate the tear film and 
helps the margin of the eye to be smooth during blinking [12]. The disturbance in tear film leads to dry eye due to either high rate of tear 
evaporation or shortage of aqueous phase production [13-17].

Dry eye is a common disorder of the ocular tear film [18-22]. Therefore, regular assessment of the tear film is important [23]. Many 
tests have been used to examine the tear film. For example, the tear volume and its production can be assessed using Schirmer and phe-
nol red thread tests [24]. However, tear film stability can be assessed using noninvasive tear breakup (NITBUT) test [25]. Other tests 
that involve measurements of osmolarity and tear evaporation rate have been proven to be extremely valuable [26-29]. The correlation 
between the scores from different tests are generally poor since each test measures a different parameter [30]. Therefore, more than one 
test should be used rather than a single test to determine the tear film status [31]. The tear ferning (TF) test has can be used to detect dry 
eye and has been proven to be repeatable and useful [32-34].

The TF test evaluates the composition and quality of human and animal tears. The TF test is easy to run, inexpensive, quick, and useful 
[34]. Body fluids, such as saliva and tears, produce ferns when dried under normal temperature and humidity conditions [35]. The TF 
patterns reflect the quality of tears and provide information about the number of goblet cells, which are responsible for mucus produc-
tion. Moreover, the ferns reflect the biochemical properties of large molecules (e.g., proteins) and electrolytes present in the tear film. The 
fern structure is highly dependent on the presence of organic and inorganic molecules and their concentrations [36]. The tear crystalliza-
tion process was established in 2004 [37]. Fern formation has good sensitivity, specificity, and repeatability [38-40]. Crystal formation 
begins when the salt concentration becomes high due to water evaporation and continue to increase until complete dryness of tears. Such 
process required low solution viscosity, slow crystal growth rate, and low level of impurities. These conditions lead to the formation of 
dendritic crystals [41]. The fern-like dendritic growth can be enhanced by increasing the rate of water evaporation, temperature, and 
reduction of atmospheric humidity [43].

Electrolytes and sodium and chloride along with macromolecules, such as proteins and mucins, are responsible for fern formation. 
The concentration and ratio between sodium and potassium (monovalent cations) to calcium and manganese (divalent cations) play an 
important role in TF formation [42]. The concentration and divalent to monovalent cation ratio in tears are important and should be be-
tween 0.002 and 0.05 for fern production [42]. The scanning electron microscope reveals that the dendritic structure of ferns is composed 
of sodium and chloride, while the cubic crystals are composed of potassium and chloride [43]. No proteins or mucins participate in fern 
formation. The poor fern patterns for dry eye tears are produced due to the high concentration of inorganic salts that cause tear hyperos-
molarity [44]. Humidity and temperature affect fern formation [45].

The TF test involves the collection of a small tear sample using several methods; however, the use of capillary tube is the most common 
method [34]. The tear sample can dry for 10 min over a clean glass microscopic slide at temperature of 20-25°C and humidity of 35-40%. 
The ferns produced are observed using a light microscope and graded using a number of TF grading scales [32-34,38,46]. Rolando iden-
tified the differences in TF patterns and introduced a scale that contains four grades [32]. The four-point TF grading scale is extremely 
common and has been proven to be reliable, subjective, and simple. It can be used to classify tears as normal and dry [32]. Type I and type 
II represent normal eye and are characterized by the presence of many ferns with little or no spaces between the branches. However, types 
III and IV represent dry eye in which few ferns were present with large spaces between the branches [47]. The five-point grading scale 
(grades 0, 1, 2, 3, and 4) was introduced in 2014 and is used in 0.1 increments [33,34]. Examples of TF patterns that represent normal and 
dry eyes based on the five-point TF grading scale are shown in figure 1. Both the four- and five-point TF grading scales are used to assess 
the quality of tears in animals and human.
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TF test in animals

The patterns of TF due to tear crystallization are dependent on the composition of tears. The TF test was used along with other tools 
to evaluate the ocular tear film in birds, reptiles, rabbits, cats, dogs, monkeys, horses, and camels using both Rolando [32] and Masmali 
[33] TF grading scales. Moreover, it can be used in mouse with different ocular diseases for comparison analysis [48].

Birds and reptiles

The TF patterns of tears collected from birds and animals were observed using a polarized light microscope for each species and 
graded based on a TF grading scale (four- and five-point TF grading scales). The TF test was used to compare tear crystallization patterns 
and electrolyte content in birds and reptiles [49]. Tear samples were collected, and the concentration of anions (e.g. chloride), cations 
(e.g. phosphorus, calcium, iron, sodium, and potassium), urea, and protein were measured. The electrolyte concentration was similar in 
both birds and reptiles. The tears contain a high concentration of chloride, sodium, and iron [49]. However, a high protein level was seen 
in owl and a high concentration of urea was detected in the tears of sea turtles.

The tear ferns in birds showed normal TF grades (normal eyes), while the TF patterns of reptiles showed eye dryness [49]. Both tears 
of birds and reptiles have a higher chloride and sodium concentrations compared to human tears but similar ionic balance of the lacrimal 
fluids. The electrolyte concentrations were different for each species. Therefore, the differences in TF grades of birds and reptile tears 
seem to be due to the presence of different electrolytes in various concentrations, particularly chloride and sodium ions [49]. Moreover, 
the tears collected from wild species seem to have higher TF grades as a result of the presence of specific microelements. The balance 
between ions (cations and anions) in tears of birds and reptiles seems to be similar to that for humans. However, they contain high sodium 
and chloride concentrations compared with human.

Rabbits

The TF patterns collected from 10 rabbits were recorded and classified as normal based on Rolando [32] and Masmali [33] TF grading 
scales. Grades 1 was found in 50% of rabbits based on the five-point scale compared with 60% based on the four-point grading scale [50]. 
Rabbits have normal eye based on the TF test, which was consistent with the scores obtained from osmolarity measurements. The me-

Figure 1: TF images (1 mm) of normal eye (a) (TF = 0) and dry eye (b) (TF = 2.5) based on the five-point TF grading scale [33,34].
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dian ± semi-interquartile range (IQR) for the osmolarity scores was 283.5 ± 7.5 mOsm/L in rabbits. The chloride, sodium, and potassium 
concentrations in the tears of rabbits were found to be 196.51 mEq/L, 202.04 mmol/L, and 12.74 mmol/L, respectively.

Cats

The ocular tear film in healthy cats (N = 60) was assessed using the TF test based on four- and five-point TF grading scale. Based on the 
four-point TF grading scale, 96.6% of the cats (N = 58) showed normal eyes (types I and II). Only two cats showed type III TF patterns [51]. 
The use of five-point TF grading scale showed that all cats have normal eyes (grades ≤ 2). No significance difference was found between 
the TF grades of tears collected from both eyes (left and right) for the four-point (P = 0.225) and five-point (P = 0.368) TF grading scales. 
Clearly, both TF grading scales can be used efficiently to grade TF patterns of cats.

Dogs

The tears collected from dogs with normal eyes (N = 50) showed that the majority (78%) of them have normal TF grades (types I and 
II) based on Rolando TF grading scale [33]. However, all dogs with keratoconjunctivitis sicca (N = 30) have abnormal TF grades (types III 
and IV) [52]. The TF grades were correlated with scores recorded using Schirmer test. For example, the score of the Schirmer test was < 10 
mm/min for abnormal TF grades and > 10 mm/min for type I or II [52]. Another study conducted on 90 healthy dogs showed that TF type 
I (based on the four-point grading scale) and grade 1 (based on the five-point grading scale) were noted in the majority of dogs (64.2% and 
61.7%, respectively) [53]. Types I and II were noted in 95% of dogs compared with 77.5% for TF grades 0 and 5. No significant difference 
was found between the Schirmer test measurements and classification based on the TF test. Clearly, both grading scales provided similar 
results, and the TF scores agreed with the tear volume assessed using Schirmer test [53].

Monkeys

The TF patterns of tears collected from 11 capuchin monkeys (22 eyes) have been analyzed [54]. There was a significant (P < 0.05) 
difference between grades for tears collected from both eyes. The median ± semi-IQR was 3.0 ± 0.5 and 2.0 ± 0.0 for the right eye and 2.0 
± 0.5 and 2.0 ± 0.5 for the left eye based on Rolando and Masmali TF grading scales. Based on Rolando TF grading scale, 13 monkeys have 
type II, and 9 have type III. The type III found in tears of some monkeys can be attributed to species peculiarities and are similar to dry eyes 
in human subjects [54]. In contrast, 6 monkeys have TF grade of 1, and 16 monkeys have grade 2, based on Masmali TF grading scale [54]. 
The grades for the tears collected from monkeys were significantly (P < 0.05) higher than those of human tears. Moreover, tear osmolar-
ity of the right and left eyes in monkeys were significantly higher (P < 0.05) (300.0 ± 9.8 mOsm/L and 304.5 ± 9.5 mOsm/L, respectively) 
compared with those for human (287.5 ± 8.4 mOsm/L and 293.0 ± 6.1 mOsm/L, respectively).

Horses

The patterns of tears collected 30 healthy horses (60 eyes) were graded based on the Rolando grading scale [32]. The TF grades 
showed types I and II in 30% and 51.7% of the eyes, respectively [55]. Only 11 eyes (18.3%) were dry (type III grade). No significant dif-
ference (P > 0.05) was noted between TF grades for both right and left eyes. Moreover, no significant correlation was found between TF 
test grades and Schirmer test scores.

Camels

The TF test was used to analyze the tears collected from camels and compare their compositions with those for artificial eyedrops 
and humans living in the desert of Saudi Arabia [56]. The grades of camels’ tears ranged from grade 0 to 1 based on the five-point grad-
ing scale that indicated normal and healthy eyes. In contrast, the TF grades for human tears (N = 5) and Refresh Plus ranged from 1 to 2. 
Camels’ tears showed the presence of oily droplets and other particles with small branches in the form of homogenous and thick layers 
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[56]. Furthermore, they showed a higher chloride level compared to human and artificial tears. The potassium level was higher in Refresh 
Plus eyedrops followed by camels and human tears [56]. Camels’ tears contain higher levels of lubricants and mineral compared with 
those for artificial and human tears. It seems that the tear film in camels is more equipped than that in human tear film to adopt the harsh 
environment in the desert to reduce tear evaporation.

TF test in human

The TF test is used as a simple tool to assess the quality of tears in human [57-61]. The TF patterns and NITBUT scores are dependent 
on the age and independent of the race and sex [62]. Elderly individuals have higher TF grades and lower NITBUT scores compared with 
younger subjects. Recently, the TF test has been highly involved in assessment of tear films in different subjects. It has been used to detect 
the changes in patterns of artificial tears due to the addition of electrolyte solutions. Moreover, it is useful in assessing the changes in the 
quality of tears due to consumption of vitamins and beverages.

Effect of smoking on TF patterns

The TF test was used as an additional tool to assess the tear film in smokers. The TF grades (1.0 ± 0.5) recorded for tears collected 
from smokers (N = 30; 29.8 ± 5.1 years) was significantly (Kolmogorov–Smirnov test; P < 0.05) higher compared with those obtained for 
normal eye subjects (N = 30; 0.4 ± 0.4) based on the five-point grading scale [63]. The TF grades agreed with the scores obtained from 
other tools used to detect dry eye symptoms (e.g. McMonnies questionnaire, TBUT, and PRT tests) for smokers. Both TF and TBUT tests 
showed that 10% of smokers have dry eyes. Moreover, the scores from McMonnies questionnaire indicated that 26.7% of smokers had 
dry eye symptoms. However, the PRT measurements showed normal eyes in smokers. The scores from McMonnies questionnaire had 
strong correlations with both TF (r = 0.52) and PRT (r = 0.60) tests [63]. The TF images of tears obtained from two smokers and two non-
smokers are shown in figure 2.

Figure 2: TF images of tears from two smokers (a and b) and two normal eye subjects (c and d).
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Effect of vitamin D supplementation on TF patterns

TF test along with other tools were used to assess tear film in subjects supplied with oral vitamin D3 in the short term. Samples of tears 
were collected from subjects with dry eye (N = 30; 26.2 ± 5.0 years) and normal eye (N = 30; 25.6 ± 4.3 years) before and after receiving a 
dose of 400 IU of vitamin D3 for three consecutive days [64]. A significant (Wilcoxon test, P < 0.001) difference has been noted in the TF 
grades before (2.3 [0.6]) and after (1.8 [0.8]) supplementation. The TF grades were improved in the majority of dry eye subjects (N = 26; 
86.7%) after the consumption of vitamin D3. Other tests, such as PRT and TBUT, showed some differences in the measurements before 
and after vitamin D3 consumption in subjects with dry eye; however, the differences were not significant. The TF test was sensitive in de-
tecting the changes in the quality of tears due to the consumption of vitamin D3. For subjects with normal eyes, no significant differences 
were found between the TF grades before and after the oral consumption of vitamin D3 [64]. The TF images for a subject with dry eyes 
and normal eyes before and after the consumption of vitamin D3 are shown in figure 3.

Figure 3: TF images of tears from a subject with dry eyes (a and b) and a subject with normal eyes before and  
after consumption of vitamin D3.

Effect of vitamin A supplementation on TF patterns

The effect of oral vitamin A supplementation on subjects with both dry (N = 30 men; 25.2 ± 2.8 years) and normal eye (N = 30 men; 
24.5±2.3 years) using TF test has been investigated [65]. The subjects in both groups consumed a dose of 1,500 mg daily for three con-
secutive days. The TF test was performed before vitamin consumption and 24 h after the third dose of supplementation. In subjects with 
dry eye, the TF grades after the consumption of vitamin A has significantly improved (Wilcoxon test, P = 0.01). The mean TF grade has 
improved from 2.4 (0.5) before the consumption of vitamin A to 1.4 (1.1) after supplementation. No significant improvement in TF grades 
were recorded after vitamin A consumption in subjects with normal eyes. There was an increase in the PRT and TBUT scores in subjects 
with dry eyes after supplementation; however, the improvement was not significant [65]. Again, the TF test has been proven to be more 
sensitive than other tools in detecting changes in the ocular tear film after vitamin A consumption. Figure 4 shows the TF patterns for a 
subject with dry eye before and 24 h after the consumption of the third dose of supplementation.
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Effect of thyroid gland disorder on TF patterns

The TF patterns for tears collected from six men and 14 women with thyroid gland disorder (34.3 ± 3.2 years) and those obtained from 
normal eye tears (eight men and 12 women; 31.3 ± 2.9 years) were graded based on the five-point grading scale. The median TF grade 
score was significantly (Kolmogorov–Smirnov test; P < 0.05) higher in patients with thyroid gland disorder (2.0 [2.2]) compared with 
subjects with normal eye (1.2 [0.9]) [66]. Similar observations were noted for the average PRT and TBUT test and OSDI scores. The mean 
PRT score was significantly (P < 0.05) lower in the study group (OD = 11.7±8.1 mm and OS = 10.5 ±7.4 mm) compared with subjects with 
normal eye (OD = 22.2±6.5 mm and OS = 20.7±5.2 mm). Moreover, the mean TBUT score indicated eye dryness in subjects with thyroid 
disorder (OD = 4.9±1.6 s and OS = 4.2±1.9 s) compared with the control group (OD = 13.2±2.6 s and OS = 12.3±2.2 s). Clearly, the tools 
used, including the TF test, indicated that the level of eye dryness was significantly higher in patients with thyroid disorder. The TF images 
for tears collected from two patients with thyroid gland disorder and two subjects with normal eye are shown in figure 5.

Figure 4: TF images of tears from a subject with dry eye (a) before and (b) 24 h after vitamin A consumption.

Figure 5: TF images of tears from two subjects with thyroid gland disorder (a and b) and two subjects with normal eye (c and d).
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Effect of high body mass index (BMI) on TF patterns

The quality of tears collected from subjects (N = 20 men; 31.3 ± 5.7 years) with a high BMI (31.8 [5.2] kg/m2) was assessed and com-
pared with those with normal BMI (20.5 [2.8] kg/m2) and healthy eye subjects (N = 20 men; 30.2 ± 4.9 years) [67]. The mean TF grade 
for subjects with a high BMI was significantly (Kolmogorov-Smirnov test; P < 0.05) higher (2.0 ± 1.1) compared with those for subjects 
with normal eye (0.7 ± 0.6). The TF test showed that the majority (75%) of subjects in the study group have dry eye. Such results were in 
agreement with the scores recorded from the NITBUT test (8.5 ± 2.8 s and 14.7 ± 2.8 s for the study and control groups, respectively). The 
high BMI affects the quality of tear film and tends to increase TF grades and reduce the tear quality. The images for tears collected from 
two subjects with a high BMI are shown in figure 6.

Figure 6: Images of tears collected from two subjects with high BMI.

Effect of high blood cholesterol level on TF patterns

The quality of tears collected from 20 male subjects (32.5 ± 7.3 years) with a high cholesterol level (6.2 ± 0.7 mmol/L) was compared 
with those of healthy subjects (N = 20 men; 31.1 ± 4.6 years) with normal cholesterol level (3.9 ± 0.6 mmol/L) using TF test [68]. The mean 
TF test score for subjects with a high cholesterol level was found to be significantly (P < 0.05) higher (2.2 [1.8]) compared with that for the 
control group (0.5 [1.5]). The high cholesterol level has a significant negative effect on tear film stability. Such results were in agreement 
with those obtained from both TMH and NITBUT tests. The mean scores for the TMH and NITBUT tests were significantly (P < 0.05) lower 
in the study group (0.15 [0.12] mm and 7.5 [3.3] s, respectively) compared with those for the control group (0.27 [0.06] mm and 15.3 [4.1] 
s, respectively). The images for tears collected from two subjects with high blood cholesterol level are shown in figure 7.

Figure 7: TF images from two subjects with a high blood cholesterol level.
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TF patterns of stimulated and non-stimulated tears

The patterns of tears collected from 35 male subjects (23.4 ± 2.5 years) with normal eyes indicated that there was no significant (Wil-
coxon test, P > 0.05) difference between stimulated and non-stimulated tears. The median TF grades recorded for stimulated tears from 
the right and left eyes were 0.65 (0.99) and 0.70 (1.15), respectively. For non-stimulated tears, the median TF grades were 0.55 (0.89) and 
0.50 (1.11) for the right and left eyes, respectively [69]. Clearly, such result indicated that the chemical components of both stimulated 
and non-stimulated tears are similar. No alteration in chemical composition of tears occurs when tears were stimulated. Clearly, the lipid 
and electrolyte concentrations were steady in both tears. Figure 8 shows the TF patterns for non-stimulated and stimulated tears (right 
eye) of a subject.

Figure 8: TF images of(a) a non-stimulated and (b) stimulated tears (right eye) for a subject.

Effect of beverages on TF patterns

The effect of hot green consumption on the tear film was tested in 40 subjects (22 men and 18 women; 26.0 ± 6.1 years) with normal 
eyes. The TF images were recorded 30 min before drinking hot green tea and 60 min after drinking hot green tea [70]. The median score 
for the TF grade was significantly (Wilcoxon test, P < 0.05) higher after consumption of green tea (2.65 [1.23]) than the one recorded be-
fore consumption of green tea (1.50 [0.88] mm). Similarly, the median PRT score was significantly higher after the drink, and the measure-
ments showed normal tear volume before and after consumption of green tea. The TF grades increased in most subjects (97.5%) after the 
consumption of green tea, which agreed with the PRT measurements (80%). It has been suggested that high polyphenol content in green 
tea can oxidize lipids in rats [71]. Moreover, green tea can affect the cholesterol level in rats, which can distribute tear film [72]. Figure 9 
shows the TF images recorded for a subject 30 min before the drink and 60 min after consumption of green tea.
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Peppermint contains a high level of polyphenols and therefore its consumption could have a negative effect on tear film. Indeed, the 
mean TF grade for tears collected from 30 subjects with normal eye (23.2 ± 2.2 years) after consumption of peppermint drink was signifi-
cantly (Kolmogorov–Smirnov test, P < 0.05) higher (2.07 ± 1.20) compared with that recorded before consumption of peppermint drink 
(0.84 ± 0.71) [73]. A similar observation has been noted in TMH measurements (90%). Moreover, the NITBUT scores have decreased in 
96.7% of subjects. The quality and quantity of tears significantly decreased after the consumption of hot peppermint. Polyphenols have a 
negative effect on lipids and electrolytes, such as iron and aluminum that alter the crystallization patterns of tears [74]. Figure 10 shows 
the TF images recorded for a subject 30 min before consumption of hot peppermint and 60 min after consumption of hot peppermint. The 
TF grades increased after consumption of hot peppermint in most subjects (93.3%).

Figure 10: TF images of tears from a subject (a) 30 minutes before and (b) 60 minutes after the consumption of hot peppermint.

Effect of eyedrops on TF patterns

The effect of Refresh Plus eyedrops on the ocular tear film in subjects with normal (N = 30; 23.9 ± 3.2 years) and dry eyes (N = 30; 
22.1 ± 2.3 years) has been tested using TF test [75]. The tears (right eye) were collected from the subjects, and TF images were recorded 
before and after (30, 60, 120, and 180 min) the application of lubricant eyedrops. A significant difference (Wilcoxon test; P = 0.02) was 
found between the TF grades before and after the use of eyedrops in subjects with dry eye. Figure 11 shows the TF images of tears (right 
eye) collected from a subject before and after Refresh Plus eyedrops.

Figure 11: TF images of tears (right eye) from a subject (a) before Refresh Plus eyedrops, (b) 30 min after Refresh Plus eyedrops, (c) 60 min 
after Refresh Plus eyedrops, and (d) 120 min after Refresh Plus eyedrops.

In subjects with dry eye, a medium correlation (r = 0.484, P = 0.049) was found between TF grade recorded before and after 1h of ap-
plication of eyedrops. Moreover, strong correlations were found between the TF grades before and those after artificial tears after 2 h (r = 
0.560, P = 0.019) and 3 h (r = 0.726, P = 0.001) [50]. For subjects with normal eye, a medium correlation (r = 0.407, P = 0.029) was found 
between the TF grades obtained before and 1h after the application of eyedrops. Moreover, a strong correlation (r = 0.532, P = 0.003) was 
found between TF grades after 2 h and 3 h of application of eyedrops. Clearly, the TF test indicated that there is improvement in the quality 
of tears after the use of eyedrops. Refresh Plus contains sodium carboxymethylcellulose and other electrolytes that might be responsible 
for the improvement in TF grade [76]. Several eyedrops can be used to relieve symptoms of eye dryness [77-79].
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Effect of electrolytes on TF patterns of eyedrops

The effect of the addition of electrolyte solutions on the TF grades of Blink Contact Soothing Eye Drops (TF grade = 1.2) and Refresh 
Plus Tears (TF grade = 1.5) has been investigated [80]. The TF grades of both artificial tears have been improved after the addition of 
electrolyte solutions. The addition of calcium chloride (CaCl2) solution led to the greatest improvement in TF grades of both eyedrops. 
Similarly, the addition of different volumes of basic tear solution and sodium carboxymethylcellulose solutions leads to an improvement 
in the grades of artificial tears [80]. Figure 12 shows the TF patterns of Blink eyedrops and its mixtures with different proportions of vari-
ous electrolyte solutions.

Figure 12: TF images of (a) Blink eyedrops, (b) a mixture of Blink and KCl (10:6 by volume), (c) a mixture of Blink and CaCl2 (10:6), (d) a 
mixture of Blink and MgCl2 (10:9), (e) a mixture of Blink and NaHCO3 (10:3), and (f) a mixture of Blink and NaH2PO4 (10:3).

Conclusion

The TF test is an inexpensive and easy-to-perform tool to evaluate the quality of tears. It can be used in combination with other tests to 
detect eye dryness. The TF test is used to assess the tear film in birds, reptiles, and animals (e.g. rabbits, cats, dogs, monkeys, horses, and 
camels) and human. It has been used to test the effect of smoking, thyroid gland disorder, diabetes, high BMI, high blood cholesterol level, 
vitamin supplements (vitamins A and D3), and beverages (e.g. green tea and peppermint) on the quality of tear film. Moreover, the test 
turns to be useful in the detection of changes in patterns of artificial tears due to the addition of electrolyte solutions.
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