Aqueous tear assessment in dogs: impact of cephalic conformation, inter-test
correlations and test-retest repeatability
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Abstract

Objective – To characterize diagnostic findings, test-retest repeatability, and correlations among lacrimal
tests in dogs of diverse cephalic conformations.
Animal studied – Fifty healthy dogs (25 brachycephalic, 25 non-brachycephalic).
Procedures – A series of diagnostics were performed in each dog, allowing for a 10min-interval between
tests and repeating each test 24h later under similar conditions: corneal tactile sensation (CTS), strip
meniscometry test (SMT), phenol red thread test (PRTT), endodontic absorbent paper point tear test
(EAPPTT), Schirmer tear test-1 without (STT-1) or with nasolacrimal stimulation (NL-STT1), and
Schirmer tear test-2 (STT-2).
Results – Mean ± SD test values were lower in brachycephalic vs. non-brachycephalic dogs (except for
SMT; 7.4±2.0 mm/5s vs. 7.3±2.4 mm/5s), with statistically significant differences noted for CTS (1.8±0.5
cm vs. 3.4±0.8 cm), PRTT (37.2±4.0 mm/15s vs. 41.1±5.5 mm/15s), STT-1 (20.1±3.4 mm/min vs. 23.3
±5.7 mm/min), STT-2 (13.0 ± 3.4 mm/min vs 16.9 ± 3.9 mm/min), and NL-STT1 (23.2±3.6 mm/min vs.
27.1±5.4 mm/min), and non-significant differences for EAPPTT (16.6±2.7 mm/15s vs. 17.5±2.9 mm/15s).
Nasolacrimal stimulation increased STT-1 values by 18% on average. Correlations among tests were
generally weak to moderate (r<0.70) except for a strong correlation between STT-1 and NL-STT1 (r=0.83,
P<0.001). Tests reliability was good although test-retest repeatability was generally poor to moderate, as
depicted by low intraclass correlation coefficients (ICC≤0.75) and wide 95% limits of agreement, except
for CTS (ICC=0.91).
Conclusions – Corneal sensitivity and aqueous tear secretion are lower in brachycephalic dogs. A
comprehensive assessment of the ocular surface requires the combination of several diagnostic tests. The
nasolacrimal reflex may provide a useful diagnostic and therapeutic tool in dogs.
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INTRODUCTION
The measurement of tear production is an important step in assessing the ocular surface health in dogs and
other species. The Schirmer tear test-1 (STT-1), developed in 1903 by the German ophthalmologist Otto
Schirmer,1 has long been considered the gold-standard tool for measuring the aqueous component of the
tear film. Other lacrimal tests commonly reported in dogs include the STT performed following topical
anesthesia (STT-2) and the phenol red thread test (PRTT).2-4 Tear assays are constantly evolving, and two
additional tools were recently proposed for lacrimal testing in veterinary species: the endodontic absorbent
paper point tear test (EAPPTT), and the strip meniscometry test (SMT).5,6 Each diagnostic test has its
advantages and limitations in assessing tear production in dogs. For instance, the testing duration is the
shortest with SMT (5 sec), providing a minimally invasive tool for discriminating tear-deficient from
normal eyes in clinical practice.6 In contrast, STT requires 60 seconds of testing and can cause more
irritation, albeit this longer duration provides invaluable insight into different components of tearing
(basal, reflex) and the neural pathway responsible for lacrimation.7 Indeed, the Schirmer strip stimulates
the afferent corneal and conjunctival nerves, activating the efferent parasympathetic and sympathetic
nerves that innervate the lacrimal gland.8 In fact, the afferent trigeminal nerve can be stimulated in
locations other than the ocular surface, as demonstrated by the nasolacrimal reflex. The nasolacrimal reflex
quantifies tear secretion with STT while causing sensory stimulation of the nasal mucosa.9
Test–retest repeatability, or the properties of a measurement tool evaluated twice on separate
occasions, is an important factor to consider when using a diagnostic test in clinical practice. Indeed, a
poor test repeatability can hinder the clinician’s ability to evaluate changes attributable to disease
progression or therapeutic effects. This is the case for selected diagnostic tests in humans10 and cats.11 In
dogs, however, the repeatability of ocular surface diagnostics is not well studied to date, except for
meibometry12 and tear osmometry,13 despite the high prevalence of dry eye disease and other ocular

surface conditions in this species.14 Ideally, such investigation should account for the variability in
cephalic conformation seen in canine breeds, as differences in anatomical conformation (e.g.
macropalpebral fissure, trichiasis) and corneal innervation15 between brachycephalic and nonbrachycephalic dogs could theoretically affect the repeatability of lacrimal tests.
The present study describes the diagnostic findings, test-retest repeatability, and correlations among
lacrimal tests in canine subjects of diverse cephalic conformations. A second study objective is focused
on the nasolacrimal reflex, a promising tool that could have diagnostic and therapeutic implications in
dogs, as shown in multiple studies in humans9,16-21 and a single report in cats.22

MATERIAL AND METHODS
1. Animals
Fifty client-owned dogs were enrolled in the study, all confirmed to be ophthalmoscopically healthy with
adequate tear production based on slit lamp biomicroscopy (SL-17, Kowa, Torrance, United States),
indirect ophthalmoscopy (Eyetec, São Carlos, Brazil), tonometry (TonoVet, Icare, Vantaa, Finland), and
Schirmer tear test-1 ≥ 15 mm/min.
The study population comprised 24 males and 26 females, aged between 4 months and 9 years (4.23
± 2.4 years). Cephalic index (CI) was determined in each dog by measuring the skull’s length and width
as previously described,23 and this parameter was used to characterize each dog as brachycephalic (n =
25) or non-brachycephalic (n = 25) per Evans and De Lahunta.24 Informed consent was obtained from all
owners, and the study was approved by the Ethics Committee on Animal Experimentation of the Federal
University of Bahia.

2. Experimental design
All experiments were performed in the morning hours (8-12) by a single examiner (HB) in the same
examination room, with ambient temperature and humidity recorded daily. The following diagnostic tests
were performed in both eyes of each dog in the specific order described below, ensuring a minimum of
10min interval between successive tests to allow the tear fluid to replenish.23 Further, all tests were
repeated 24h later in all patients to assess test-retest repeatability.


Corneal tactile sensation (CTS): A Cochet-Bonnet aesthesiometer (Luneau Ophtalmologie,
Chartres, France) with a 0.12-mm diameter monofilament was used to evaluate the corneal sensitivity
in each eye. Starting at a filament length of 6 cm, the nylon fiber was held perpendicular to the ocular
surface and advanced toward the central cornea until a slight bend in the fiber was noted (Figure 1A).
The filament was shortened in increments of 0.5 cm, and CTS was recorded as the length (in cm) that
elicited consistent blink reflex in at least 3 out of 5 attempts. Corneal sensitivity is reported in cm for
consistency with recent studies in veterinary25,26 and human27 literature, and because the actual
pressure applied onto the cornea (g/mm2) varies greatly when the same examiner uses the same
filament length.28 However, to allow for comparisons with other studies, the data is also reported in
g/mm2 in Table 1 using the conversion table for ‘new’ nylon filament.28



Strip meniscometry test (SMT): A standard SMT strip (i-Tear® Test, I-Med Pharma Inc., Dollarddes-Ormeaux, Canada) was placed in contact with the central lower tear meniscus for 5 seconds,
ensuring the eyelid position remained neutral (i.e. no manual eversion) and avoiding contact with the
corneo-conjunctival surface.6 Tears are absorbed via capillary action into the central channel of the
strip, and measurements are recorded in mm/5s (Figure 1B).



Phenol red thread test (PRTT): The lower eyelid was gently everted, and the bent portion of the
thread (Zone-QuickTM, Oasis Medical, Glendora, CA, USA) was placed into the lateral lower

conjunctival fornix for 15 seconds. The wetted portion of the thread was measured with a ruler, a
process facilitated by a color change of the thread from yellow to red, and results were recorded in
mm/15s (Figure 1C).


Endodontic absorbent paper point tear test (EAPPTT): A paper point size #30 (Roeko, Langenau,
Germany) was inserted in the lower conjunctival fornix for 15 seconds. The wetted portion of the
paper point was measured with a ruler, and results were recorded in mm/15s (Figure 1D).



Schirmer tear test-1 (STT-1): A standard Schirmer strip (Tear FloTM ophthalmic strips, Oasis
Medical, Glendora, CA, USA) was placed in the lateral lower conjunctival fornix for 60 seconds, and
tear production was recorded in mm/min (Figure 1E). Results were recorded as 35 mm/min if the
entire strip was wetted before the full minute had elapsed.



Schirmer tear test-1 with nasolacrimal stimulation (NL-STT1): A standard Schirmer strip was
placed in the lateral lower conjunctival fornix of each eye, followed immediately by placing a cotton
ball soaked with 70% alcohol in front of (by not touching) the animal’s nostrils (Figure 1F). Olfactory
stimulation was sustained throughout the Schirmer testing (1 minute), and results were recorded in
mm/min.



Schirmer tear test-2 (STT-2): One drop of proxymetacaine ophthalmic solution (Anestalcon®,
Alcon, São Paulo, Brazil) was administered in both eyes. Five minutes later, a standard Schirmer strip
was placed in each eye as described for STT-1, and results were recorded in mm/min.
3. Data analysis

Normality of the data was assessed with the Shapiro–Wilk test, and results from right and left eyes were
compared by means of paired t-tests. Since data was normally distributed (P ≥ 0.082), results are presented
as mean ± standard deviation (range). Further, since no significant differences were noted between eyes

for any diagnostic test (P ≥ 0.088), only data from the right eye was used for subsequent analyses as
averaging both eyes could potentially confound correlation and repeatability analyses.11,29
Differences in age and diagnostic tests results between brachycephalic and non-brachycepahlic
dogs were assessed with the Student’s t-test. The Pearson’s correlation test was used to assess for
correlations among diagnostic tests and for potential association between cephalic index and each
diagnostic test. Results of Pearson’s tests were interpreted following guidelines described by Campbell
and Swinscow30: very weak (0-0.19), weak (0.2-0.39), moderate (0.40-0.59), strong (0.6-0.79) and very
strong (0.8-1.0). A paired t-test was used to assess differences between STT-1 and STT-2, as well as STT1 and NL-STT1. The reliability of diagnostic tests (test-retest repeatability) was assessed with 3
complementary tools: (i) Paired t-test for measurements obtained on Day 1 vs. Day 2, assessing for
potential systematic bias across both sessions; (ii) Intraclass correlation coefficients (ICCs, two-way
model, single rater type) and their 95% confidence interval, obtained with MedCalc version 19.0.7
(MedCalc Software, Mariakerke, Belgium), assessing for absolute agreement between both sessions; and
(iii) Bland-Altman plots,31 graphically displaying differences between test-retest measures and the
associated 95% limits of agreement (LoA). Results of ICCs were interpreted as representing poor (<0.40),
moderate (0.40-0.75), or good (> 0.75) test reliability.32 Except for ICCs, statistical analyses were
performed with SigmaPlot 14.0 (Systat Software, Inc., San Jose, CA) and values P < 0.05 were considered
statistically signiﬁcant.

RESULTS
Throughout the entire study duration (10 months), ambient temperature and humidity varied from 24-30ºC
and 40-70%, respectively; however, median (range) differences in temperature and humidity from one
examination day to another (for the same patients) were only 1ºC (0-2ºC) and 3% (1-5%), respectively.

1. Brachycephalic and non-brachycephalic dogs
Brachycephalic dogs (n = 25) had a CI ranging from 90-120 (99.76 ± 6.93), and were comprised of 11
males and 14 females (4 males/11females were neutered) including 12 Shih-Tzus, 6 French Bulldogs, 6
Pugs, and 1 English Bulldog. Non-brachycephalic dogs (n = 25) had a CI ranging from 46-78 (57.32 ±
9.26), and were comprised of 13 males and 12 females (5 males/5 females were neutered) including 7
Dachshunds, 5 Belgian Malinois, 5 German Shepherds, 4 Labrador Retrievers, 2 Rottweilers, 1 Doberman
Pinscher, and 1 Border Collie. There was no statistical difference (P = 0.985) between the age of
brachycephalic (4.3 ± 2.2 years, 0.3-8.0 years) or non-brachycephalic dogs (4.2 ± 2.6 years, 0.3-9.0 years).
Results of ocular surface diagnostics are described in Table 1. Except for SMT, mean values of all
diagnostic tests were lower in brachycephalic compared to non-brachycephalic dogs, with statistically
significant differences noted for CTS (1.8 ± 0.5 cm vs. 3.4 ± 0.8 cm, respectively; P < 0.001), PRTT (37.2
± 4.0 mm/15s vs. 41.1 ± 5.5 mm/15s, respectively; P < 0.001), STT-1 (20.1 ± 3.4 mm/min vs. 23.3 ± 5.7
mm/min, respectively; P < 0.001), STT-2 (13.0 ± 3.4 mm/min vs 16.9 ± 3.9 mm/min; P < 0.001), and NLSTT1 (23.2 ± 3.6 mm/min vs. 27.1 ± 5.4 mm/min, respectively; P < 0.001), and non-significant differences
noted for EAPPTT (16.6 ± 2.7 mm/15s vs. 17.5 ± 2.9 mm/15s, respectively; P = 0.136).

2. Schirmer tear test and nasal neurostimulation
Tear production was significantly greater in unanesthetized eyes (STT-1) compared to anesthetized eyes
(STT-2) in all dogs (21.7 ± 4.9 mm/min vs. 14.9 ± 4.1 mm/min; P < 0.001). Further, nasal neurostimulation
(NL-STT1) achieved significantly higher tear measurements compared to standard STT-1 in all dogs (25.1
± 4.9 mm/min vs. 21.7 ± 4.9 mm/min; P < 0.001). Mean ± SD (range) percent increase in tear production
achieved with nasal neurostimulation, as obtained with the ratio (NL-STT1 – STT1)/(STT1), was 16 ±

11% (-8 to 38%) in brachycephalic dogs, 19 ± 19% (-18 to 113%) in non-brachycephalic dogs, and 18 ±
16% (-18 to 113 %) in all dogs combined.

3. Test-retest repeatability
The reliability of ocular surface diagnostics and the agreement in measurements obtained at two separate
sessions are summarized in Table 2. Except for EAPPTT and STT-2 in brachycephalic dogs, the reliability
of ocular diagnostics was adequate in all dogs (Pearson’s correlation tests, P ≤ 0.020). This finding, along
with the lack of significant differences between measurements obtained in two separate days (paired ttests, P ≥ 0.051), supports the lack of systematic bias in measurements obtained in both sessions. However,
the agreement between measurements was variable among ocular diagnostic tests. Although nuances were
noted for brachycephalic and non-brachycephalic breeds (Table 2), the test-retest agreement in all dogs
was generally poor (ICC < 0.5) for EAPPTT, moderate (ICC 0.5-0.75) for SMT, PRTT, STT-1, STT-2
and NL-STT1, and good (ICC > 0.75) for CTS. This variable test-retest repeatability is depicted
graphically for each diagnostic test using Bland-Altman plots (Figure 2).
4. Inter-tests correlations
Cephalic index – CI had a strong negative correlation with CTS (r = -0.76; P < 0.001), as well as a weak
negative correlation with PRTT (r = -0.35; P < 0.01), STT-2 (r = -0.43; P < 0.001), and NL–STT1 (r = 0.27; P = 0.007)(Figure 3).

Ocular diagnostic tests – Correlations among diagnostic tests are summarized in Table 3. Of note, most
inter-tests correlations (when present) were generally weak to moderate (r < 0.70) except for a strong
correlation between STT-1 and NL-STT1 in all cases (r ≥ 0.80; P < 0.001). Further, diagnostic tests that
presumably capture ‘basal’ tearing (SMT, PRT, EAPPTT, STT-2) were generally not associated among

each other in all dogs, except for a weak correlation between EAPPTT with PRT (r = 0.47; P < 0.001) and
STT-2 (r = 0.20; P = 0.0444).

DISCUSSION
The present study investigated multiple diagnostic tools to measure aqueous tear production in a variety
of canine breeds, repeating testing in each animal 24 hours later, thus providing valuable information that
is currently sparse (or lacking) in the canine literature.
First, the study examined breeds of various cephalic conformations and showed significant
differences in ocular surface diagnostics between brachycephalic and non-brachycephalic dogs. In
particular, corneal sensitivity was significantly lower in brachycephalic vs. non-brachycephalic dogs, as
determined by CTS (1.8 ± 0.5 cm vs. 3.4 ± 0.8 cm, respectively; P < 0.001), a finding likely related to
anatomical differences in corneal innervation and subbasal nerve plexus.15 Consequently, lacrimal tests
that stimulate reflex tearing by touching the adnexa or ocular surface (e.g. STT, PRTT, EAPPTT) resulted
in lower measurements in brachycephalic vs. non-brachycephalic dogs; in contrast, test results did not
differ between cephalic conformations for SMT, a diagnostic tool that only touches the lacrimal lake and
minimizes reflex tearing.6 Clinically, these findings could help explain why the damage to corneal nerves
from ocular surgery is often more detrimental in brachycephalic vs. non-brachycephalic dogs. Corneal
sensitivity, reduced following phacoemulsification (due to corneal incision)33 and transscleral
cyclophotocoagulation (due to thermal injury),25,34 may drop below a certain threshold in brachycephalic
dogs and predispose the eye to develop ocular surface complications such as aqueous tear deficiency and
neurotrophic keratopathy.25,34,35 Such complications are presumably less common in non-brachycephalic
dogs given their higher corneal sensitivity and aqueous tear production at baseline.

Second, the study showed that results of lacrimal tests were correlated for only selected pairwise
comparisons, and the correlation strength was often weak to moderate (r between 0.20-0.59). For instance,
a positive but moderate correlation was noted between STT-1 and STT-2 (r = 0.39) as well as STT-1 and
PRTT (r = 0.43), as previously described in dogs,3,6 cats11 and humans.36 The relatively poor correlations
among lacrimal tests suggest that a comprehensive assessment of the ocular surface requires the
combination of several diagnostic tools, as recently described in West Highland White Terriers affected
with spontaneous aqueous deficient dry eye.4 In fact, the combination of lacrimal tests can improve the
clinician’s diagnostic capability: in humans with dry eye disease, the combination of STT-1 and PRTT
significantly improved the ability to diagnose ocular dryness, with optimized positive and negative
predictive values compared to STT-1 alone,37 and the same may be true in canine patients.
Third, another important finding from the present study was the relatively low test-retest
repeatability for all ocular diagnostics assessed (ICC ≤ 0.75), except for corneal tactile sensation (ICC >
0.75). Similar findings have been reported in cats,11 although the repeatability of lacrimal tests is generally
better in the canine population with a higher ICC in dogs vs. cats for STT-1 (0.57 vs. 0.44) and PRTT
(0.64 vs. 0.19). Of note, test-retest repeatability is generally improved in patients with diseased eyes,10,38
thus the present findings should not be directly extrapolated to dogs with keratoconjunctivitis sicca or
other ocular surface diseases. Further, it is important for clinicians to understand the difference between
reliability and agreement, two distinct but complimentary aspects of test-retest repeatability.39 When a test
is repeated twice under similar conditions in a given population, reliability is defined as the capacity of
the test to replicate the same ordering between subjects, while agreement represents the capacity of the
test to provide strictly identical results in the same subjects.39 Reliability, sometimes called test-retest
correlation, indicates the degree of association between two sets of measurements (not their equality) and
is thereby a necessary but not sufficient condition to demonstrate agreement. 39 Both aspects of test-retest

repeatability were assessed in the present study, using Pearson’s correlation tests for reliability, and ICC
and Bland-Altman plots for agreement. We showed that most diagnostics tests have a good reliability in
dogs (except for STT-2 and EAPPTT in brachycephalic dogs), indicating that the assays can provide useful
information for the comparison of different subjects. However, the agreement for ocular surface
diagnostics was generally poor to moderate in dogs (except for corneal sensitivity), thus hindering the
ability to distinguish between a real change in the examined patient (i.e. related to disease progression or
therapeutic effects) and a random variation (i.e. measurement noise). The latter may be due to variations
in the diagnostic test itself – for instance, changes in absorptive properties between Schirmer strip lots40 –
environmental factors (e.g. temperature, humidity), patient factors (e.g. anxiety) and examiner
consistency.
The major neural pathway of lacrimation involves afferent input from the cornea and conjunctiva
via the long ciliary nerves, a division of the ophthalmic branch of trigeminal nerve. When activated, this
sensory input results in the stimulation of efferent parasympathetic and sympathetic nerves that promote
tear secretion from the lacrimal gland and gland of the third eyelid (Figure 4A).8 A secondary afferent
pathway for lacrimation involves the activation of trigeminal afferent nerves in the nasal cavity, leading
to an increase in activity in the superior salivatory nucleus, a region responsible for control of natural
lacrimation (Figure 4B).20 This neural pathway, termed nasolacrimal reflex (NLR), participates in basal
tear secretion via stimulation of the nasal mucosa from nasal breathing – accounting for approximately
one-third of basal tearing in humans9 – and also plays an important role in responding to nasal foreign
bodies or irritants by secreting tears into the nasal cavity via the nasolacrimal duct. NLR is well described
in humans with reports as early as the 1950s9,16-20,41 yet, to the authors knowledge, this is the first report
of NLR in the canine species. In dogs, both the ethmoidal nerve (ophthalmic branch) and caudal nasal
nerve (maxillary branch) participate to the innervation of the nasal mucosa.42 In the present study, we

showed that sensory stimulation of the nasal mucosa significantly increased tear secretion by an average
of 18% in all dogs, a finding that is likely to be more pronounced in dogs with keratoconjunctivitis sicca;
indeed, a recent study in which NLR was utilized therapeutically in humans with dry eye disease reported
an increase in lacrimation by 114-138% on average.19 Here, the authors selected alcohol-soaked cotton
balls for triggering NLR in dogs given the availability of these products in veterinary practice, yet other
compounds such as ammonia may be used in future studies to provide a stronger sensory stimulation.41
Similarly, the laterality of NLR was not specifically tested herein (as the cotton ball was placed in front
of both nostrils) as studies in humans show that unilateral neurostimulation provides a bilateral lacrimal
response (albeit stronger in the ipsilateral side).9,17,18,43 In fact, a deeper understanding of NLR is much
needed in dogs, especially given the relatively high prevalence of tear film deficiency in this species, and
the numerous clinical and research implications. First, studying NLR could provide valuable insight into
the interconnection between lacrimation and nasal cavity in dogs, both in healthy and disease state. For
instance, it is plausible that the reduced/altered airflow in the nasal cavity of dogs with brachycephalic
airway syndrome could explain the lower tear production seen in these canine breeds, or that dogs with
rhinitis would have excessive tearing due to reflex aqueous secretion.18 Moreover, the NLR could serve
as an additional diagnostic tool for veterinary practitioners, for instance in dogs with corneal hypoesthesia
secondary to diabetes mellitus44 or transscleral cyclophotocoagulation;25,34 indeed, the diagnostic utility
of NLR was demonstrated in numerous human studies, allowing for differentiation between normal and
dry eye subjects41 or identification of cases with facial nerve palsy,17 as well as a recent case report in a
cat with neurogenic dry eye.22 Last, the NLR represents a novel and potentially promising option for
management of dry eye disease.19,20 In particular, there is mounting evidence that nasal neurostimulation
not only increases the aqueous component of tears but also the mucins,45 proteins46 and lipids,47 thus
providing ‘pure’ endogenous tears to relieve ocular symptoms of dryness.

The main limitation of the study is the low sample size (n = 50 dogs), partly due to the stringent
inclusion criteria (i.e. only dogs with healthy ocular surface, for instance excluding any brachycephalic
dog with discharge or keratitis). Although considered enough for testing test reliability,48 the sample size
is insufficient to establish proper ‘reference values’ for the various diagnostic tests examined herein.49 In
contrast, a recent study examined multiple lacrimal tests in a very large population (n = 621 dogs),6 but
the authors did not assess test-retest repeatability or the impact of cephalic conformation on the test values.
Further, the experimental design only focused on diagnostic tests that measure the aqueous portion of the
tears, and did not examine diagnostic tools associated with tear film quality (e.g. tear film breakup time,
meibometry, tear ferning).
In summary, the present study shows the importance of corneal sensitivity (and closely related
cephalic conformation) on the aqueous tear secretion in dogs, underlines the few correlations that exist
among lacrimal tests, and highlights the generally good reliability but poor-to-moderate agreement when
lacrimal tests are repeated twice under similar conditions in healthy canine subjects. Preliminary findings
on NLR show that this neural pathway may represent a novel tool in canine ophthalmology, with potential
diagnostic and therapeutic implications; although further characterization in healthy and diseased animals
is first needed.
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TABLES

Table 1. Mean ± standard deviation (range) values of ocular surface diagnostics in 50 dogs, including 25
brachycephalic dogs and 25 non-brachycephalic dogs.

CTS
(cm)
CTS
(g/mm2)
SMT
(mm/5s)
PRTT
(mm/15s)
EAPPTT
(mm/15s)
STT-1
(mm/min)
NL-STT1
(mm/min)
STT-2
(mm/min)

All
(n = 50)
2.6 ± 1.1
(1.0-5.0)
2.9 ± 2.7
(0.55-10.3)
7.3 ± 2.2
(2.0-14.0)
39.2 ± 5.1
(27.0 50.0)
17.1 ± 2.8
(11.0-25.0)
21.7 ± 4.9
(12.0-35.0)
25.1 ± 4.9
(14.0-35.0)
14.9 ± 4.1
(7.0-29.0)

Brachycephalic
(n = 25)
1.8 ± 0.5
(1.0-3.5)
4.7 ± 2.7
(1.0-10.3)
7.4 ± 2.0
(2.0-11.0)
37.2 ± 4.0
(27.0-46.0)
16.6 ± 2.7
(11.0-22.0)
20.1 ± 3.4
(12.0-26.0)
23.2 ± 3.6
(14.0-31.0)
13.0 ± 3.4
(7.0-22.0)

Non-brachycephalic
(n = 25)
3.4 ± 0.8 *
(2.0-5.0)
1.3 ± 0.6 *
(0.55-2.8)
7.3 ± 2.4
(3.0-14.0)
41.1 ± 5.5 *
(30.0-50.0)
17.5 ± 2.9
(11.0-25.0)
23.3 ± 5.7 *
(14.0-35.0)
27.1 ± 5.4 *
(17.0-35.0)
16.9 ± 3.9 *
(10.0-29.0)

An asterisk (*) indicates statistical difference (P < 0.05) between brachycephalic and non-brachycephalic
dogs. CTS = Corneal tactile sensation; SMT = Strip meniscometry test; PRTT = Phenol red thread test;
EAPPTT = Endodontic absorbent paper point tear test; STT-1 = Schirmer tear test-1; NL-STT1 = Schirmer
tear test-1 with nasolacrimal stimulation; STT-2 = Schirmer tear test-2.

Table 2. Test-retest repeatability of ocular surface diagnostics in 50 dogs, including 25 brachycephalic dogs and 25 non-brachycephalic
dogs, evaluating the reliability (light gray boxes) and agreement (dark gray boxes) for each diagnostic test. See Table 1 for the detail of
the abbreviations used.

CTS
(cm)
SMT
(mm/5s)
PRTT
(mm/15s)
EAPPTT
(mm/15s)
STT-1
(mm/min)
NL-STT1
(mm/min)
STT-2
(mm/min)

RELIABILITY

AGREEMENT

Pearson’s coefficient r
(P value)

Intraclass correlation coefficient
(95% limits of agreement)

All
(n = 50)

Brachycephalic
(n = 25)

0.92
(P < 0.001)
0.56
(P < 0.001)
0.64
(P < 0.001)
0.24
(P = 0.010)
0.59
(P < 0.001)
0.72
(P < 0.001)
0.58
(P < 0.001)

0.79
(P < 0.001)
0.62
(P < 0.001)
0.51
(P = 0.009)
- 0.04
(P = 0.853)
0.57
(P = 0.003)
0.69
(P < 0.001)
0.21
(P = 0.312)

Nonbrachycephalic
(n = 25)
0.79
(P < 0.001)
0.60
(P = 0.001)
0.67
(P < 0.001)
0.47
(P = 0.020)
0.56
(P = 0.004)
0.70
(P < 0.001)
0.65
(P < 0.001)

All
(n = 50)

Brachycephalic
(n = 25)

0.91
(-1.0 to 0.8)
0.57
(-4.1 to 3.9)
0.64
(-8.9 to 8.3)
0.24
(-7.0 to 6.7)
0.57
(-9.2 to 8.9)
0.73
(-7.0 to 7.4)
0.56
(-7.9 to 7.5)

0.78
(-0.8 to 0.7)
0.57
(-3.5 to 4.0)
0.49
(-6.6 to 8.9)
0.04
(-7.2 to 8.1)
0.54
(-7.4 to 4.8)
0.65
(-6.2 to 5.8)
0.21
(-8.4 to 8.4)

Nonbrachycephalic
(n = 25)
0.77
(-1.2 to 0.8)
0.58
(-4.7 to 3.8)
0.65
(-10.3 to 7.0)
0.47
(-6.6 to 5.1)
0.53
(-10.0 to 11.9)
0.69
(-7.7 to 8.9)
0.59
(-7.5 to 6.6)

Table 3. Pearson’s correlation coefficients (r) describing the association between ocular surface diagnostics in dogs, detailing results in
all dogs (n = 50), brachycephalic dogs (n = 25) and non-brachycephalic dogs (n = 25). A statistically significant correlation is denoted
by an asterisk (* for P < 0.05, and ** for P < 0.01).

CTS
(cm)

SMT
(mm/5s)

PRTT
(mm/15s)

EAPPTT
(mm/15s)

STT-1
(mm/min)

NL-STT1
(mm/min)

All
Brachycephalic
Nonbrachycephalic
All
Brachycephalic
Nonbrachycephalic
All
Brachycephalic
Nonbrachycephalic
All
Brachycephalic
Nonbrachycephalic
All
Brachycephalic
Nonbrachycephalic
All
Brachycephalic
Nonbrachycephalic

STT-2
(mm/min)

NL-STT1
(mm/min)

STT-1
(mm/min)

EAPPTT
(mm/15s)

PRTT
(mm/15s)

SMT
(mm/5s)

0.21 *
-0.22

0.10
-0.25

0.02
-0.32 *

0.13
-0.08

0.28 **
-0.25

0.15
-0.02

-0.33 *

-0.40 **

-0.42 **

0.08

0.01

0.44 **

-0.18
0.01

-0.05
-0.05

-0.05
-0.05

0.16
0.14

0.09
0.03

-0.34 *

-0.04

-0.05

0.18

0.16

0.13
-0.14

0.51 **
0.50 **

0.43 **
0.45 **

0.47 **
0.26

-0.01

0.39 **

0.30 *

0.58 **

0.20 *
0.16

0.15
0.02

0.19
0.14

0.14

0.15

0.16

0.39 **
0.11

0.83 **
0.83 **

0.38 **

0.80 **

0.38 **
-0.16
0.47 **

FIGURES
Figure 1. Representative photographs demonstrating the following ocular surface diagnostics in dogs: Corneal esthesiometry (A), strip
meniscometry test (B), phenol red thread test (C), endodontic absorbent paper point tear test (D), Schirmer tear test-1 (E) and Schirmer
tear test-1 with nasolacrimal stimulation (F).

Figure 2. Bland-Altman plots displaying test-retest repeatability for the corneal tactile sensation (A), strip meniscometry test (B), phenol
red thread test (C), endodontic absorbent paper point tear test (D), Schirmer tear test-1 (E), Schirmer tear test-1 with nasal
neurostimulation (F), and Schirmer tear test-2 (G).The vertical axis represents the difference between repeated measurements, and the
horizontal axis plots the mean value for the 2 sessions. The mean of the differences is represented by the middle horizontal line
intersecting the vertical axis and should be close to zero. The lower and upper horizontal lines represent the 95% limits of agreement.

Figure 3. Results of the Pearson correlation testing between the cephalic index and the following
ocular surface diagnostics: corneal tactile sensation (A), phenol red thread test (B), Schirmer tear test-1
with nasal neurostimulation (C), and Schirmer tear test-2 (D).

Figure 4. (A) Lacrimation reflex following standard Schirmer testing, involving afferent input from the ocular surface via the long
ciliary nerves (ophthalmic branch of trigeminal nerve) that result in efferent stimulation of tear secretion from the lacrimal gland and
gland of the third eyelid. (B) Lacrimation reflex following Schirmer testing concurrently to nasal neurostimulation with an alcoholsoaked cotton ball (nasolacrimal reflex), involving afferent input from the ocular surface and the nasal mucosa (ethmoidal nerve of
ophthalmic branch and caudal nasal nerve of maxillary branch) and a similar efferent pathway.

