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Abstract
Ocular diseases are sub-diagnosed in bird species, partly because of limited 
diagnostic methods and lack of reference data. Placement of Schirmer tear 
test strips in the bottom of the conjunctival sac of birds for tear flow mea-
surement can prove to be difficult, whereas paper tips commonly used for 
dental procedures may be easier to use, due to a more adequate size and 
shape. Hence, the aim of this study was to assess and compare tear flow 
values, using ABC Dental® # 30 color paper tips and TearFloTM Test strips in 
Red-lored Parrots (Amazona autumnalis) (n = 26). Captive birds of unde-
termined sex were housed in groups under similar environmental conditions 
and fed the same diet. All animals were deemed healthy through remote and 
physical examinations. Average tear flow values of 0.6365 ± 0.032 cm/min 
and 0.5942 ± 0.032 cm/min were obtained with the Schirmer strips test 
and the endodontic tips respectively. Lack of difference in observed values 
between measurement techniques (p = 0.3629) indicates that endodontic 
tips may be a good alternative for tear flow assessment in Red-lored parrots. 
In addition, endodontic tips are more cost effective and may be less invasive. 
This study stresses the need to establish species specific ophthalmic refer-
ence values for clinical practice in birds, since differences have been reported 
even in specimens within the same genus.  

Keywords: Tear flow, Schirmer strips, Endodontic paper points, Red-lored parrot (Amazona 
autumnalis)
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Introduction
The red-lored parrot (Amazona autumnalis, order Psittaciformes) measures 32-
35.5 cm in length, weighs between 314 and 485 grams, and has a life span of 20 
to 60 years. It has bright green plumage, a red forehead, a blue crown, and yellow 
cheeks. This species can be found in Brazil, Colombia, Ecuador, Mexico, Panama 
and Venezuela, and it is currently listed in the Appendix II of CITES.1

Ophthalmological examination in birds are similar to those in mammals, and 
generally follow a complete physical assessment and an extensive clinical history.2  
However, eye diseases are often sub-diagnosed in bird species, partly due to lim-
ited diagnostic methods and lack of reference data. Determination of tear flow 
should be routinely included test in any eye examination.3

Several ocular problems and diseases have been reported in psittacine birds,  
including peri-orbital lesions,4 bilateral supra-orbital abscesses,2 corneo-conjunctival 
dermoid cysts,5 blepharo-conjunctivitis due to staphylococci, and fungal keratitis.2  
Also, exophthalmos secondary to squamous cell carcinoma in the infraorbital sinus 
has been found in an eclectus parrot (Eclectus roratus solomonensis)6 or sec-
ondary to retrobulbar adenoma in an African gray parrot (Psittacus erithacus).7 A 
periorbital liposarcoma has also been diagnosed for this last species.8

The Schirmer tear test strips can be used for tear flow measurement in birds, 
but reference data is limited for most species that are usually taken for consultation. 
Also, placement of strips in the bottom of the conjunctival sac of birds can prove to 
be difficult. Tear flow reference values for Red-lored parrots (Amazona autumnalis) 
are nonexistent. However, reference data can be found for larger parrots, such as 
the African gray parrots (Psittacus erithacus, 8 ± 1.5 mm/min), and for smaller spe-
cies, such as lories and conures (4.5 ± 1 mm/min).9 Ophthalmic parameters have 
also been described in ostriches (Struthio camelus),10 anseriformes,11 blue ma-
caws (Ara ararauna),12 yacos (Psittacus erithacus), eclectic parrots (Eclectus ror-
atus) and  parrots of the genus Pionus,13 as well as in pigeons (Columba spp.).14

Paper tips that are commonly used for endodontic procedures, have a high 
absorptive capacity and a conical shape that may be better suited for measurement 
of tear flow in eyes of birds.15 They are also cheaper than Schirmer strips and are 
readily available, hence being a potential alternative to measure tear flow in this 
and other bird species.

The Red-lored parrot is a commonly kept pet in Mexico, and ophthalmic ref-
erence values need to be established for use in routine clinical examinations that 
involve eye inspection.

Hypothesis
Endodontic paper points (ABC Dental® # 30 color paper tips) are as efficient 
as TearFloTM test strips for measuring tear flow in Red-lored parrots (Amazona 
autumnalis).

Objectives
]] To establish and compare tear flow values by use of endodontic paper tips and 

of Schirmer strips in captive red-lored parrots.
]] To assess tear flow differences between right and left eyes.

http://veterinariamexico.unam.mx/
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]] To assess tear flow differences before and after sedation of birds with intranasal 
midazolam.

Material and methods
For this study 26 captive adult red-lored parrots (Amazona autumnalis) of undeter-
mined sex, were used. Birds were housed in groups at “El Nido” aviary located in 
Ixtapaluca, State of Mexico. Environmental conditions and diets were similar for all 
animals. Parrots were deemed healthy by remote and physical examinations, where 
mental state, heart rate, respiratory rate, temperature, color of the cloacal mucosa, 
and body condition were determined. All birds with signs of disease or abnormali-
ties in eyes or periocular regions were excluded from the study.

Birds were briefly restrained in two consecutive days to measure tear flow. A 
physical examination was also performed during the first day, and no sedation was 
used. During the second day, intranasal midazolam was administered as a sedative 
agent, and care was taken to measure tear flow only after sedation effects had been 
confirmed. 

TearFloTM test strips
Tear flow was assessed in each eye by placing a strip in the bottom of the conjunc-
tival sac for 60 seconds. The strip was then removed, and the wet segment im-
mediately measured, using the printed metric scale for test interpretation (Figure 1).

ABC Dental® # 30 colored paper tips
As for the TearFlo strips, endodontic paper tips were placed in the ventral fornix of 
the inferior eyelid of each eye for 60 seconds, then removed and the wet segment 
immediately measured using a caliper to determine tear flow (Figure 2).16

Figure 1. Measurement of tear flow in red-lored parrots using TearFloTM Test Strips.

http://veterinariamexico.unam.mx/
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Statistical analysis
Differences in tear flow were analyzed by ANOVA with JMP statistical software 
(SAS). The fixed variables were measuring method (Schrimer strips or endodontic 
tips), eye (left or right), sedation, and their interactions up to the second order. The 
parrot was considered as a random variable. To calculate the F statistic for the fixed 
effects and their first order interactions, the error term was the interaction between 
said fixed variable(s) and the random variable. For higher order interactions the 
residual error of the model was used.17

Results and discussion
Tear production seems to be related to the size of eye orbits and tissue of lacrimal 
glands, hence imposing a challenge and denoting an absence of reference values 
for a wide range of bird species.2 This shortcoming is usually handled in daily 
practice by using a second (clinically normal) bird of the same species, and pref-
erably the same household, to compare values of interest, that could help detect 
ophthalmic alterations.2 Nonetheless, establishment of reference values for clinical 
practice is imperative.

Endodontic paper points have not been standardized for measurement of tear 
flow. However, their use for this purpose has been previously assessed in birds,16 
marmoset monkeys,14 rabbits18 and cats.19 Differences in brands, sizes and spe-
cific characteristics of paper tips, such as trabecular density or type of cellulose 
fiber should be considered to determine efficiency and to establish appropriate 
reference values.20 Use of paper tips for tear flow measurement was found to 
be cheaper than Schirmer strips in this study, representing nearly 3% of the cost.

Placement of both Schirmer strips and paper tips in the bottom of the conjunc-
tival sac proved to be difficult in this study, since the nictitating membranes moved 
repeatedly, constantly dislodging the strip during measurement of tear flow. This dif-
ficulty was also reported by Falcão et al. when making measurements of tear flow 
with Schirmer strips in macaws.3 The correct restraining of a bird is certainly im-
portant to accomplish an adequate measurement, since improper handling causes 

Figure 2. Measurement of tear flow in red-lored parrots using ABC Dental® color paper tips # 30.

http://veterinariamexico.unam.mx/
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Table 1. Average tear flow per eye in Red-lored parrots, using two different measurement methods.

Measurement method Tear flow
(cm/min) Standard Error

Tear FloTM Test Strips 0.6365 0.0322

ABC Dental® # 30 Colored paper tips 0.5942 0.0322

Table 2. Average tear flow per eye in red-lored parrots.

Eye Tear flow
(cm/min) Standard Error

Left 0.6192 0.0175

Right 0.6115 0.0175

stress on the bird, which can lead to more difficulty in placing and keeping the strips in the correct 
position, resulting in a faulty tear flow measurement, that could lead to erroneous results. Lange 
et al. indicated a further complexity for the use of this technique in marmoset monkeys (Callitrhrix 
penicillata), since two people were needed (one to restrain the animal and one to place the strip) 
for adequate tear flow measurement in this species.14 However, placement of paper strips in the 
bottom of the conjunctival sac of marmoset monkeys did not appear to be as hard comparatively, 
allowing a decreased waste of tips and often accomplishing measurement on the first try.

Results of this study indicate that both TearFlow test strips and ABC dental #30 paper tips 
are viable methods for measurement of tear flow in Red-lored parrots. No difference was found 
in average tear flow between methods (p=0.3629; Table 1). Average tear flow was also found to 
be similar for both eyes (p = 0.7597; Table 2). Observed tear flow values per eye were of 0.6365 
cm/min using the Tear FloTM Strip test, and of 0.5942 cm/min using the ABC Dental® # 30 col-
ored paper tips (Table 1). Storey et al. found similar results (7.9 ± 2.6 mm/min) when measuring 
tear flow in Amazona ventralis with the Schirmer test.21 However, Monção et al. reported a tear 
production of 14.9 ± 1.6 mm/min and 13.1 ± 1.4 mm/min in captive Amazona amazona and 
Amazona aestiva respectively, when using absorbent paper tips.16 This difference in tear flow 
measurements with the results of this study when using the endodontic tip technique could be 
due to specific characteristics of tips used, as mentioned by Lima et al.20 and Pumarola et al.18 
Also, even if minimal, the degree of corneal and/or conjunctival irritation caused by differences in 
tips used could have affected tear flow.18,20 In addition, observed differences in tear flow could 
have been influenced by environmental conditions, since eye moisture is reduced when animals 
are exposed to dry environments (64-76% humidity levels in the Monção et al. study vs 38-58% 
humidity for this study).19,22

The use of intranasal midazolam to sedate birds can have minimal cardiopulmonary  
effects.23 Also, the low pH of midazolam (3.0-3.5) can induce a burning eye sensation and 
lacrimation.24 Moreover, children can develop nasal congestion, nasopharyngeal irritation and 
bad taste after intranasal midazolam administration.25 This sedative may also induce sneezing 
in dogs26 and psittacines (Amazona aestiva and Amazona amazonica)27 when administered 
intranasally. Lacrimation was observed after the administration of midazolam in only one of the 
26 assessed birds in this study, and sedation did not affect tear flow values (p=0.9329). Hence, 
midazolam can be used to facilitate handling of birds and placement of paper strips, without af-
fecting tear flow values, independently of technique used. There were no significant interactions 
between the studied variables (p> 0.05)

http://veterinariamexico.unam.mx/
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Conclusions
]] This study provides tear flow reference values for clinical use in the Amazona 

autumanlis species.
]] Endodontic tips can potentially be used for tear flow measurement in several 

species (especially in those having smaller eyes). This technique is also more 
cost-effective than the Schirmer strip test.

]] This study stresses the need to establish species specific ophthalmic reference 
values for clinical practice in birds, since differences have been reported even in 
specimens within the same genus.
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