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Abstract 

Objectives: To establish the baseline aesthesiometric results and results under topical 

anesthesia in dogs. 

Animals studied: 4 healthy beagles (8 eyes). 

Procedures: The Cochet-Bonnet aesthesiometer was used to measure corneal touch 

thresholds (CTT) at the central cornea. The first experiment was conducted to establish 

baseline corneal sensitivity by recording bilateral blink responses in all beagles. The 

second experiment involved measuring CTT following the administration of 2% lidocaine 

solution, with subsequent measurements taken at regular intervals until corneal sensitivity 

fully recovered to baseline levels. 

Results: The mean baseline corneal touch threshold was 2.18 ± 0.82 g/mm2. Five out of 

eight eyes completely lost their corneal sensation within a minute after the application of 

2% lidocaine solution, and it took a mean time of 21.88 ± 6.10 minutes for the corneal 

sensitivity to recover. 

Conclusion: The mean baseline corneal sensitivity of the test subjects was consistent with 

that of previous studies. Although the mean recovery time of corneal sensation was in 

accordance with the duration of action of lidocaine, it was relatively shorter than those 

reported in other studies. 
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Kivonat 

Célkitűzés: A szaruhártya szenzitivitás meghatározása Cochet–Bonnet-aesztéziométerrel 

egészséges szemű beagle kutyában élettani körülmények között valamint felületi 

szemcseppes érzéstelenítés után és az alapértékek felvétele. 

Vizsgált állatok: 4 egészséges beagle (8 egészséges szem). 

Módszerek: A Cochet–Bonnet-aesztéziométerrel a szaruhártya szenzitivitási küszöböt 

(CTT) mértük a szaruhártya középponti részén. Az első kísérlet célja az alap szaruhártya-

érzékenység meghatározása volt, melyhez a pislogási reflex kiváltásához szükséges 

érintési küszöböt rögzítettük valamennyi beagleben. A második kísérlet során a 2%-os 

lidokain oldat alkalmazását követően történt a CTT mérése, majd az érzékenység teljes 

helyreállásáig meghatározott időközönként ismételt méréseket végeztünk. 

Eredmények: Az átlagos alap szaruhártya szenzitivitás 2,18 ± 0,82 g/mm² volt, amely 

összhangban áll a kutyák szaruhártya-érzékenységének korábbi vizsgálataival. A 2%-os 

lidokainoldat alkalmazását követően nyolc szemből ötben egy percen belül teljesen 

megszűnt a szaruhártya-érzékenység, és átlagosan 21,88 ± 6,10 percbe telt, amíg az 

érzékenység visszatért az alapértékre. 

Következtetés: A vizsgált állatok átlagos alap szaruhártya-érzékenysége összhangban volt 

a korábbi vizsgálatok eredményeivel. Bár a szaruhártya-érzékenység átlagos regenerációs 

ideje megfelelt a lidokain hatástartamának, viszonylag rövidebb volt, mint amit más 

tanulmányokban leírtak. 
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1 Introduction 

 Highly specialized for vision, the eye is a far more complex organ than it may 

appear from the outside. As the outermost layer of the eye, the cornea is crucial for 

transmitting stimuli from the environment to the brain and maintaining the integrity of the 

surface of the eye. Multiple layers of tissues and complex meshwork for axons and nerve 

fibers collaborate to detect harmful insults, remove them from the eyes, and facilitate 

wound healing. Without an intact corneal epithelium to protect the delicate innervation of 

the eye, eyes may undergo severe deterioration, potentially leading to permanent vision 

loss. 

A fundamental aspect of corneal sensitivity lies in its innervation. Deficits in 

corneal innervation can lead to ocular pathologies, such as corneal ulcers, 

keratoconjunctivitis sicca, entropion, and cherry eye disease, of which some are 

particularly concerning in certain breeds of dogs. Given the importance of the corneal 

sensory function, aesthesiometers are utilized for assessing corneal sensitivity in both 

humans and veterinary medicine. By measuring the cornea’s response to external stimuli, 

the aesthesiometer can be used to monitor at-risk patients and ocular disease progression. 

First introduced in the 19th century, new devices have been developed to overcome the 

shortcomings of the former. Even so, the Cochet-Bonnet aesthesiometer is still the most 

predominant device used in clinical practices because of its simplicity and portability. 

Variations in aesthesiometric techniques, operator experience, patient compliance, and 

numerous external factors may result in differences in sensitivity measurements, making it 

essential to evaluate the advantages and limitations of this device.  

The literature review section aims to provide a comprehensive overview of 

aesthesiometry in veterinary medicine, exploring its applications, methodological 

variations, and their impact on corneal sensitivity measurements. Additionally, it will 

examine the differences in corneal innervation between brachycephalic and 

dolichocephalic dog breeds, illustrating how their craniofacial anatomical variations may 

influence aesthesiometric outcomes. By establishing this foundation, this section of the 

paper will offer insights into potential breed and individual-specific differences in corneal 

sensitivity and how corneal sensitivity measurements can be used in clinical practice. 
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2 Literature review 

I. Corneal sensitivity: anatomy, innervation, and its function 

Role and anatomy of the cornea 

 The cornea forms the outermost layer of the eye. It is a transparent layer that 

protects the inner structures of the eye, contributes to the refractive power of the eye, and 

focuses the light rays on the retina. The cornea consists of five layers, starting from the 

outermost layer: anterior epithelium, Bowman’s layer, substantia propria (stroma), 

Descemet’s membrane, and the corneal endothelium [1]. The epithelium is responsible for 

the refractive power of the eye and for preventing the entry of pathogens into the stroma. 

The Bowman’s layer is a non-regenerating cell-free thin layer that protects the 

subepithelial plexus. Following, the stroma is the thickest part of the cornea, containing a 

watery matrix and a dense network of sensory and autonomic nerve fibers extending 

between the collagen fibers. It is essential for maintaining the structure and transparency of 

the eye. Underneath is the Descemet's membrane that maintains the tension of the eye and 

keeps the cornea hydrated. Finally, the endothelium preserves stromal dehydration with 

selective diffusion of water [2].  

The innervation of the cornea 

The cornea is the most richly innervated tissue of the body. Despite the eye being 

relatively smaller than the other tissues of the body, it is 400 times more densely 

innervated than the skin. As much as the cornea is extensively innervated, corneal 

innervation holds a crucial role in maintaining corneal integrity, and impairments may lead 

to epithelial ulcers and perforations [3]. With external threats, the cornea induces tear 

production and the blinking reflex through the interaction with the lacrimal gland. This 

maintains the lubrication of the ocular surface and the prevention of dry eye diseases. 

Furthermore, the cornea regulates the proliferation of the corneal epithelium and wound 

healing by releasing trophic substances such as neuropeptides, neurotrophins, and growth 

factors [4]. 

Sensory innervation of the cornea is primarily governed by the ophthalmic branch 

of the trigeminal nerve while receiving sympathetic innervation from the superior cervical 

ganglion. The trigeminal nerve emerges from the lateral aspect of the pons. The ophthalmic 
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branch enters the orbit through the ophthalmic sulcus and exits through the orbital fissure. 

It receives sensory innervation from the mesencephalic nucleus, pontine nucleus, and the 

spinal nucleus of the trigeminal nerve. The cornea, eyelid, and conjunctiva then receive 

sensory afferent innervation from the nasociliary branch of the ophthalmic nerve. The 

nasociliary branch is responsible for transmitting pain and temperature, chemical, and 

mechanical stimuli. On the other hand, the facial nerve (V) regulates blinking and 

automatic fibers, stimulating tear production [5].  

The cornea is also capable of detecting slight changes in homeostasis and activating 

different physiological responses to maintain corneal health through various types of 

corneal nerve fibers. This is mainly attained by the highly myelinated A-delta fibers and 

the slower-conducting unmyelinated C fibers, while the limbus loses myelination towards 

the central cornea to maintain transparency. The peripheral corneal nerve fibers can be 

further classified according to their electrophysical properties into mechanonociceptors, 

cold receptors, and polymodal nociceptors, which can be activated depending on the 

degree of temperature change of the ocular surface [6]. Alongside, automatic fibers are 

responsible for modulating corneal wound healing, where sympathetic corneal innervation 

stimulates corneal epithelial proliferation [7]. To maintain transparency, the cornea is 

devoid of blood and lymphatic vessels. Therefore, it depends on its innervation to initiate 

the recruitment of inflammatory cells after injury. Sympathetic innervation promotes 

inflammation and neutrophil influx while delaying corneal reepithelization after an 

abrasion. To balance this activity, parasympathetic innervation reduces proinflammatory 

mediators, stimulating reepithelialization and wound healing [8]. 

Interspecies differences of corneal innervation  

Furthermore, corneal sensitivity shows considerable interspecies differences. 

Although the basic anatomic features of corneal innervation between the different 

mammalian species are similar, research showed that they had different numbers of stromal 

nerve trunks. Humans have the most sensitive cornea, followed by those of cats, rabbits, 

and dogs. While humans have 30-80 corneal stromal nerve trunks, cats and dogs have 16-

20 and 10-14 stromal nerve trunks, respectively [9, 10]. Studies have also suggested that 

there may be interspecies differences in corneal neuropeptide concentrations [11]. 
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II.  Application of aesthesiometry in veterinary medicine and types of aesthesiometers 

 Although aesthesiometry is not a part of the routine diagnostic tests of veterinary 

ophthalmology, it is an essential tool to assess corneal sensitivity in animals. Corneal 

sensitivity assesses a patient’s reaction to corneal stimulation. Loss of corneal sensitivity 

often causes impairment of the corneal epithelium. Therefore, aesthesiometers are used to 

monitor eye diseases and the progression of corneal healing after ophthalmic surgeries like 

cataract surgeries and cyclophotocoagulation treatments for glaucoma [12]. It is also used 

to establish reference values of corneal sensitivity in healthy animals [13]. Thus, 

aesthesiometry offers a quantitative assessment of the integrity of the corneal nerves, 

enabling early detection of ocular diseases. By identifying abnormalities in corneal 

sensitivity at an early stage, timely intervention can help prevent or slow the progression of 

corneal deterioration. 

In the past, the cotton whip test was commonly used to assess corneal sensation by 

eliciting corneal irritation in patients. Although this qualitative method is simple, 

accessible, and cheap, it has limited applications in more complicated cases. This led to the 

development of quantifiable instruments from the 1800s, including the Cochet-Bonnet 

aesthesiometer (CBA), Gas-Based Non-Contact Corneal Aesthesiometers (NCCA), Swiss 

Liquid Jet Aesthesiometer for Corneal Sensation (SLACS), and Corneal Aesthesiometer 

Brill (Brill Aesthesiometer) [14].  

The Cochet-Bonnet aesthesiometer 

The Cochet-Bonnet aesthesiometer is the current gold standard used in clinical 

settings, due to its accessibility, portability, and quantifiable measurements. As shown in 

Figure 1a, compared to the other devices, the CBA is light and compact, requiring only a 

shaft and nylon filament. It is a light, handheld device where the nylon filament is 

advanced perpendicularly to the cornea until a slight bend is produced. If no reaction is 

elicited, the filament will be applied with shorter increments. Corneal tactile sensation 

(CTS) will then be recorded in length (mm) when a consistent blink reflex is detected in 

three out of five attempts [15]. 

Although the device is simple to use, there are a handful of drawbacks to consider 

compared to its counterparts. One major drawback is that it has a potential risk of injury, as 

it will be applied on fragile corneal epitheliums unless used for research purposes [14]. 
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Also, the results are greatly influenced by environmental factors and the clinician using the 

instrument. Deviations from the threshold may occur depending on the angle of the 

aesthesiometer.  It has also been confirmed that the ambient room humidity levels affect 

the rigidity of the nylon filament. The applied filament force against an analytical balance 

base plate was measured in an environment-controlled chamber, where the relative 

humidity (%) levels could be adjusted while the temperature remained constant at 25°C. 

On average, force was reduced by 15% with each 10% increase in relative humidity for the 

0.12 mm filament. The decrease in exerted force demonstrates the loss of rigidity of the 

nylon filament, likely attributed to the absorption of moisture by the filament. The gradient 

of force was also steeper in the 0.12 mm than in the 0.08 mm nylon filament, indicating 

that changes in relative humidity have a greater impact on the thicker filament. [16]. 

Therefore, it is important to use the Cochet-Bonnet aesthesiometer in an environment of 

constant air humidity to ensure consistent measurements. 

Additionally, the lack of patient compliance or improper use of the aesthesiometer 

may result in unnecessary stimulation of the pain receptors, thus unintentional blink 

responses [17]. 

Non-contact aesthesiometers 

The limitations of the Cochet-Bonnet aesthesiometer prompted the development of 

the NCCA, SLACS, and Brill Aesthesiometers. NCCA, as its name suggests, provides 

minimal discomfort to patients by using a gas jet of carbon dioxide instead of a filament 

that must directly come in contact with the cornea. The cornea is stimulated with a 

controlled pulse of air, measuring pressure in millibars. Unlike the Cochet-Bonnet 

aesthesiometer, which had discrepancies between the actual force exerted horizontally and 

vertically, the NCCA resulted in a more consistent change [18]. Hence, the NCCA has 

better repeatability. Another advantage of the NCCA over the Cochet-Bonnet 

aesthesiometer is that it can induce chemical, thermal, and mechanical stimulation, while 

the latter can only induce mechanical stimuli. This allows the NCCA to detect more subtle 

changes in corneal sensitivity, as most corneal nociceptors are sensory to thermal, 

chemical, and mechanical stimulations [5]. Although the NCCA may provide more 

information about the patient’s corneal sensation, it lacks portability and is difficult to 

implement in a clinical setting.  
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a)  

 

b) 

c)  d)  

 

Figure 1. The different types of aesthesiometers. 

a) Cochet-Bonnet aesthesiometer [19], b) Modified Belmonte aesthesiometer, which is a non-contact air jet 

aesthesiometer [20], c) Swiss Liquid Jet Aesthesiometer for Corneal Sensation [21], d) Brill aesthesiometer 

[22] 

 

The SLACS, on the other hand, delivers chemical and mechanical stimuli of the 

cornea through droplets of isotonic saline solution, which is equipped on a slit lamp with a 

temperature sensor. It was developed to overcome the deficiencies of the NCCA. With the 

NCCA, all thermal components must be eliminated to detect pure mechanical stimulus. 

However, this is challenging, as the air jet will inevitably induce evaporative cooling 

depending on the flow rate. The SLACS overcomes this with a heating coil and 

temperature sensor, matching the ocular surface temperature for the generation of 

mechanical stimulus. Similar to the air jet aesthesiometer, the SLACS showed very little 

variability and had better repeatability [23]. However, the SLACS, as shown in Figure 1c, 

requires extensive setup, lacking portability. It is also expensive and unfit for a clinical 

setting [14]. Today, it is mostly used for research purposes. 

Finally, the Brill aesthesiometer is the most recently released aesthesiometer, 

approved by the FDA only in 2023. Unlike the NCCA and SLACS, the Brill 

aesthesiometer is a portable handheld device, which also maintains the advantages of non-

contact aesthesiometers. Mechanism is like that of the NCCA, delivering ambient air 
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pulses as a stimulus. It is also easier to focus on the area of intended stimulation on the 

cornea through a camera and a small screen on the Brill aesthesiometer [24]. Nevertheless, 

as a recent innovation, the Brill aesthesiometer lacks extensive user feedback and 

comparative research. Additionally, its accessibility is limited for clinical use due to its 

significantly higher cost, being 25 times more expensive than the Cochet-Bonnet 

aesthesiometer when purchased from their official websites [19, 22].  Further research is 

required to better understand its capabilities and potential limitations. However, with 

continued development, the Brill aesthesiometer is promising as a future replacement of 

the CBA.   

Despite advancements in aesthesiometry, the Cochet-Bonnet aesthesiometer still 

remains as the preferred choice in veterinary clinics due to its practicality and commercial 

availability. However, it is essential to use the Cochet-Bonnet aesthesiometer with caution, 

considering its limitations when assessing corneal sensitivity to ensure accurate and 

reliable measurements. 

  



  

12 

III. Factors influencing corneal sensitivity 

Corneal sensitivity of individuals is influenced by anatomical, physiological, and 

environmental factors. Breed-specific differences, tear film stability, age, and external 

conditions all play a role in determining how sensitive the cornea is to stimulus.  

Skull anatomy as an influencing factor for corneal sensitivity 

Dogs can be classified into three distinct skull types – brachycephalic, 

mesocephalic, and dolichocephalic. Brachycephalic dogs are defined as “short, wide 

headed” with dorsally rotated snout while dolichocephalic dogs have longer snouts [25], 

while mesocephalic dogs lies in between the two. Additional morphological alterations of 

the brachycephalic skull include displaced external orbit, reduced olfactory lobe size, wide 

zygomatic arches, shape of the temporomandibular joint, and shifted cribriform plate [26]. 

There is limited direct research evidence of neuromorphological changes in 

brachycephalic dogs. However, from the indirect research that has been done, it can be 

concluded that brachycephalic dogs have lower corneal sensitivity. A study from 1991 

comparing the CTT measurements across the three different skull types found that 

brachycephalic dogs had consistently lower values across all corneal regions [9]. 

Compared to mesocephalic dogs, in vivo confocal microscopy depicted that brachycephalic 

dogs had a lower sub-epithelial and sub-basal mean nerve fiber density (NFD), which was 

12.39 ± 5.25 and 14.87 ± 3.08, and 10.34 ± 4.71 and 11.80 ± 3.73, respectively. Although 

the measurements are not significantly different, they correlate with decreased corneal 

sensitivity in brachycephalic dogs [27].  

A series of ocular experiments demonstrating significant correlation between 

craniofacial conformation and ocular diagnostics was conducted in Brazil on fifty healthy 

dogs (25 brachycephalic, 25 non-brachycephalic). Overall, the mean values of corneal 

tactile sensation (CTS) and most lacrimal tests were lower in brachycephalic dogs, with a 

strong negative correlation between cephalic index (CI) and CTS [28]. The impact of skull 

conformation on the spatial organization of the brain and nerves is to be further 

investigated. However, studies mentioned above suggest a strong correlation between skull 

conformation and corneal innervation.  
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Physiology as an influencing factor 

The brachyephalic head conformation also predisposes dogs to physiologic changes 

affecting corneal sensitivity. The tear film also has an essential role in maintaining corneal 

sensitivity. Tear film break-up time (TBUT), which measures the quality of the tear film, 

was lower in brachycephalic dogs, while there was no significant difference in the 

Schirmer tear test (STT) values [29]. This suggests that although tear production may be 

sufficient in brachycephalic dogs, their tear film instability contributes to decreased corneal 

sensitivity. Furthermore, lagophthalmos, defined as the defect in complete closure of the 

eyes, aggravates the problems associated with inadequate tear film. The shallower orbital 

depth and anteriorly protruding zygomatic arch predispose lagophthalmos in 

brachycephalic dogs [30]. The larger ocular protrusion and palpebral fissure may cause 

dogs to sleep with their eyes partially open. This is prevalent in brachycephalic breeds, 

where 82% of the eyes of fifty Shih Tzu dogs examined had lagopthalmos [15]. 

Lagopthalmos is another risk factor for decreased corneal sensitivity because it may lead to 

excessive tear film evaporation, drying out the cornea.  

Diabetes as an influencing factor 

Dogs also showed deficits in corneal sensitivity after the onset of diabetes mellitus 

(DM). A range of ocular diseases, including bilateral cataracts and ocular neuropathies, are 

known to develop with DM in dogs [31]. The cornea is also highly affected, undergoing a 

series of pathological changes, attributing to diffuse neuropathy. A research comparing the 

corneal sensitivities between nondiabetic normoglycemic dogs demonstrated that diabetic 

dogs had significantly reduced corneal sensitivity in all regions of the cornea, with 

decreased motor and sensory nerve conduction velocities [32]. This conclusion can be 

backed up with a recent research conducted at Cornell University assessing corneal 

sensitivity and subbasal nerve plexus morphology of cataractous dogs with and without 

DM. Even among cataractous dogs, it has been found that dogs with DM have significantly 

lower corneal sensitivity than those without DM. This difference may be characterized by 

the neuroanatomical changes identified through in vivo confocal microscopy. Parallel with 

reduced corneal sensitivity, the corneal nerve fiber length, density, and branch density were 

also significantly decreased in diabetic patients [31]. Although the exact pathophysiology 

is yet to be discovered, researchers have hypothesized that diabetic neuropathy occurs with 

the demyelination and degeneration of the axons, along with alterations of corneal 
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metabolism [32]. As dogs diagnosed with diabetes mellitus are more prone to decreased 

corneal sensation, they should be more closely monitored for corneal ulcers.  

Age as an influencing factor 

 Moreover, age also plays an important role in determining corneal sensitivity. In 

order to evaluate the changes in corneal sensitivity in the early stages of life, a study 

compared the CTT values of healthy beagle puppies from first to seventh weeks of life. 

The mean CTT of nineteen puppies from five litters was 0.5 g/mm2 at two weeks, and the 

values progressively increased every week, until the mean CTT value stabilized at 1.4 

g/mm2 between five and seven weeks. By the end of the seventh week, the mean corneal 

sensitivity of the puppies was already equal to that of the mothers [33]. These results were 

also consistent with the comparison of corneal sensitivities in neonatal and adult foals, 

where the mean overall CTT for adult horses was 4.82 ± 0.87 cm while that of healthy 

foals was 5.91 ± 0.61 [17]. Although there is no study comparing corneal sensitivity 

between adult and senior dogs, studies on humans reflected that both central and peripheral 

corneal sensitivities decrease with age [34]. Corneal morphology assessment parameters, 

including corneal nerve fiber density, total branch density, fiber area, fiber width, and 

fractal dimension, generally declined with age in healthy subjects from ages ranging from 

21 to 80 years [35]. Even in healthy individuals without any particular corneal 

neuropathies, a decline in corneal nerve parameters suggests that there is deterioration of 

the neuroanatomical features of the corneal nerve fibers with the advancement of age.  

Effects of topical anesthetic agents on corneal sensitivity 

 Topical anesthetic agents are commonly utilized in veterinary practice to minimize 

pain and discomfort during various ocular diagnostic procedures, therapeutic interventions, 

and for preoperative analgesia following enucleation or conjunctival surgeries [36]. These 

agents reduce the influx of sodium ions through the sodium channels inside of a nerve cell, 

interfering with the action potential. Subsequently, the conduction of axons is prevented 

[37]. The onset of action of these anesthetics is quite fast, requiring only around 30 to 60 

seconds, with a duration ranging from 10 to 20 minutes [38]. 

Multiple research studies have been conducted to assess the effect of topical 

anesthetics on corneal sensitivity in healthy dogs with the CBA. CTT was proven to 

decline to 0 cm one minute after the administration of 0.1 mL of 2% lidocaine gel, 

achieving complete corneal anesthesia in 18 out of 19 clinically healthy adult beagles [39]. 
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Similarly, 5 minutes after the instillation of a single drop of 0.5% proparacaine in a group 

of rats and dogs, there was a significant drop in CTT measurements on both eyes [40]. 

Although the abuse of topical ocular anesthetics may be detrimental to the cornea, 

appropriate use may effectively reduce the discomfort of patients in case of painful ocular 

manipulations. 

Effects of topical NSAIDs on corneal sensitivity 

Topical nonsteroidal anti-inflammatory drugs (NSAIDs) such as bromfenac, 

diclofenac, and flurbiprofen are commonly prescribed to manage pain from conjunctivitis 

or keratitis [41]. These drugs inhibit the cycloxygenase enzyme of the arachidonic acid 

pathway, inhibiting the release of proinflammatory mediators and thereby reducing pain. It 

was hypothesized that topical NSAIDs would attenuate corneal sensitivity in dogs based 

on human studies, but a study conducted at the University of Illinois proved otherwise. 

Corneal sensitivity was measured with the CBA after randomly administering 0.1% 

diclofenac sodium or 0.03% flubiprofen sodium to 18 nonbrachycephalic dogs in two 

phases. The initial phase tested for the immediate results after instilling a single drop of the 

drug, while the second phase tested for the long-term effects of the drug [42]. 

Contrary to previous hypotheses, neither of the drugs had any significant effect on 

corneal sensitivity after treatment for both the first and second phases of the experiment. 

The disparity of the conclusions of the results may have resulted from the interspecies 

differences in the neuroanatomy of the cornea between humans and dogs [42]. As 

mentioned previously, when discussing the innervation of the cornea, the human cornea 

has a prominently higher number of stromal bundles. There may also be anatomical and 

physiological differences of the corneal nerve fibers in dogs and humans that have not been 

described. Due to the significantly lower corneal sensitivity in dogs compared to humans, 

the changes induced in corneal sensitivity by the topical NSAIDs could have been 

negligible in dogs.  
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IV.  Clinical implications of corneal sensitivity assessment 

Decreased corneal sensibility triggers a vicious cycle, as various factors can alter 

corneal sensation, increasing the risk of serious ocular diseases. Therefore, besides 

assessing the transmission of pain and noxious stimuli, corneal sensitivity measurements 

may also be used in clinical practice to monitor at-risk patients and provide appropriate 

prevention. 

Postoperative management and delayed wound healing 

It has been found that the corneal sensitivity of brachycephalic dogs has a lower 

potential to recover after disruption of innervation. A study from Iowa State University was 

performed to measure corneal hypoesthesia and associated complications after Micropulse 

Transscleral Cyclophotocoagulation (MP-TSCPC) in dogs for glaucoma management. The 

baseline corneal tactile sensation (CTS) was measured before the treatment and post-

operatively with the CBA. 16 out of 18 dogs showed a decrease in corneal sensitivity 

within a week after MP-TSCPC treatment. Overall, brachycephalic dogs had significantly 

lower corneal sensitivities than non-brachycephalic dogs in all visits, including the 

baseline values and values after treatment. Out of 24 laser procedures, all eyes had 

decreased CTS. However, CTS values of 13 eyes returned to baseline within weeks to a 

month after treatment, while those of 9 eyes never returned to their baseline values. Of the 

13 eyes that returned to baseline, 1 was brachycephalic, and 12 were non-brachycephalic. 

Meanwhile, of the nine eyes that never recovered, five were brachycephalic and four were 

non-brachycephalic [43]. This result reflects that brachycephalic dogs have a lower 

probability of fully recovering from loss of corneal innervation.  

Another study examined the changes in corneal sensitivity in dogs that underwent 

unilateral evisceration with intraocular prosthesis. The dogs required this surgery because 

of various diagnoses, including uncontrolled primary glaucoma, secondary glaucoma 

following lens luxation, chronic lens-induced uveitis, or trauma. Corneal sensitivity was 

significantly lower in all patients postoperatively. The study hypothesized that the 

development of buphthalmos, rather than the direct effect of the surgery, may have 

contributed to reduced corneal sensitivity in the operated eye [44]. Nevertheless, decreased 

innervation of the cornea poses a higher risk after ophthalmic surgeries since delayed 

wound healing may serve as a gateway for further deterioration or infections. Prolonged 

delay in corneal wound healing may also lead to corneal fibrosis and, consequently, the 
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hazing of the cornea, depending on the degree of myofibroblast generation after an injury 

[45].  

Increased risk of corneal ulcers and infection 

In addition, low corneal sensitivity significantly increases the risk of corneal 

ulceration. From the previous study mentioned from the Iowa State University, it was also 

discovered that all CTS (cm) measurements were lower in patients with corneal ulcers than 

those without [43]. This may be attributed to why brachycephalic dog breeds were twenty 

times more likely to be affected by corneal ulcers in a sample of 700 dogs in a research 

conducted by the Royal Veterinary College (RVC) Small Animal Referral Hospital 

(RARH) [9]. Another study also revealed that brachycephalic dogs are prone to deeper 

corneal involvement in case of ulcerative keratitis. Ulcerative keratitis (UK) is a common 

ocular disease in pets caused by inadequate corneal protection, innervation abnormalities, 

trauma, or even systemic diseases. Consequently, the corneal epithelium will be lost, 

resulting in signs such as corneal edema, blepharospasm, lacrimation, or aqueous flares. In 

order to assess the degree of UK lesions, they were classified into three grades: superficial 

(Grade 1), stromal (Grade 2), and deeper perforations involving descemetoceles (Grade 3). 

In a sample of 8877 canine patients, brachycephalic dogs were more frequently presented 

with Grades 2 and 3 UK, while non-brachycephalic tended to develop Grade 1 UK [46]. 

Higher incidence of corneal ulcers and severe ulcerative keratitis in brachycephalic dogs 

suggests that dogs with lower corneal sensitivity require more aggressive treatment and 

control examinations.  

Impaired corneal reflexes 

Given the established understanding of corneal innervation, it is evident that a loss 

of corneal sensation will lead to a diminished blinking reflex. This, in turn, compromises 

corneal health by disrupting tear distribution and increasing vulnerability to foreign bodies 

and detrimental materials since mechanonociceptors would not be able to sufficiently wash 

them away [5].   
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3 Objectives 

 The objectives of this study are to establish the basic corneal sensitivity 

measurements using the Cochet-Bonnet Aesthesiometer in healthy dogs and evaluate the 

effects of topical anesthesia on corneal sensitivity values. This study additionally aims to 

assess the feasibility and clinical applicability of aesthesiometry as a diagnostic tool in 

veterinary ophthalmology. 

 

4 Hypothesis 

Based on existing research on corneal sensitivity measurements in dogs and the 

principles of topical anesthesia, I hypothesize that baseline corneal sensitivity values in 

healthy beagles will be consistent when measured with the Cochet-Bonnet aesthesiometer 

with minor deviations caused by sampling bias [47]. I further predict that corneal 

sensitivity will return to baseline values within 10 to 20 minutes after the administration of 

the topical anesthetic agent, in parallel to its duration of action. These are based on the 

assumption that the studies will be conducted on the same day and in a constant 

environment by the same examiner.   
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5 Materials and Methods 

Aesthesiometer 

Commercially, there are two thicknesses of the Cochet-Bonnet aesthesiometer, 0.08 

mm and 0.12 mm, that can be used. The Luneau Cochet and Bonnet Aesthesiometer 

12/100 mm manufactured in France will be used to assess corneal sensitivity in this study.  

Before commencing with any measurements, it is essential to understand the 

structure and mechanics of the CBA. Externally, the aesthesiometer is composed of a nylon 

thread, cone, and a cursor as shown in Figure 2. It is often accompanied with a rubber 

sleeve, also referred as a friction sleeve, to stabilize the cursor and prevent any 

unintentional alteration in the length of the nylon filament during measurement. Within the 

tube contains an index shaft, lead weight, index shaft cap, and an aesthesiometer cap, as 

illustrated in Figure 3.  

 

Figure 2. Labelled image of the Cochet-Bonnet aesthesiometer used in this study. The nylon filament is fully 

extended, with the cursor set to 60 mm. 

 

Figure 3. Labelled diagram of the inner structures of the Cochet-Bonnet aesthesiometer [48]. 

  

Nylon filament 

Cone 
Cursor 

Aesthesiometer cap 
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Prior to use, the nylon filament emerging from the tip of the cone must be checked 

for any damages. If any defect is present, the filament must be cut cleanly with a sharp 

blade on a flat surface to prevent any corneal injury. For this study, the filament was 

replaced to familiarize the examiner with the proper use of the aesthesiometer and to 

ensure the absence of any malformations that may potentially injure the test subject’s 

cornea or alter the results of sensitivity measurements. Delicate and precise handling of the 

new thread is required as it is prone to bending. Multiple attempts to insert the thread into 

the index shaft may impair the functional integrity of the filament and only a limited 

number of spare threads come with the device. Once the thread is completely inserted into 

the index shaft, about 10 mm should be left at the cap end. The lead weight is then 

squeezed to the end of the remaining filament to secure it in place. It is important not to 

squeeze the lead weight too tightly because the lead may cut through the filament. Finally, 

the index shaft cap and aesthesiometer cap can be screwed onto the device, respectively. 

When the aesthesiometer is not in use, it should be stored in its protective case with the 

nylon filament fully retracted, without exposure to any sunlight and humidity.  

Obtaining corneal sensitivity values with the aesthesiometer 

In this experiment, corneal sensitivity will be measured by first obtaining the 

minimum nylon length (millimeter) that elicits a positive response. The corresponding 

pressure values will be calculated based on the table provided by the CBA manufacturer’s 

calibration table displayed in Table 1, which is the modern conversion scale, different from 

the one used in a study published in 1991. With this aesthesiometer, we will be measuring 

the corneal touch threshold (CTT), which is the quantitative property measurement 

obtained by the specific pressure values. It should be noted that some studies used corneal 

tactile sensation (CTS) to measure corneal sensitivity instead of CTT. Although both terms 

can be used for referring to sensitivity values measured with the CBA and may lead to 

confusion, the distinction between these two terms are straightforward. CTS records values 

according to the nylon length without calibration while CTT records values after 

conversion of the nylon length into pressure values. CTT will be used for all corneal 

sensitivity measurements to maintain consistency for this study. The CTT and corneal 

sensitivity are inversely related, indicating that higher the CTT, the lower the corneal 

sensitivity of the test subject will be.   
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Table 1. 

Luneau Cochet and Bonnet Aesthesiometer conversion table from the nylon filament length to corneal 

sensitivity in pressure. S = 0.0113 mm2, which is the cross-section of the nylon thread. 

 

Sample 

Four adult beagles kept under the supervision of the University of Veterinary 

Medicine Budapest were enrolled in this study. The beagles were aged 6 to 7 years old and 

weighed between 9.60 to 12.00 kg (10.93 ± 0.92 kg). Table 2 presents the detailed data of 

the beagles. General clinical examinations were performed on the dogs prior to the corneal 

sensitivity measurements to ensure that there were no underlying health conditions or 

ocular conditions that may affect the results.   

Table 2.  

General data of the beagles. Beagles will be identified by numbers to simplify analysis. 

 

 

 

  

Nylon 

length in 

mm 

60 55 50 45 40 35 30 25 20 15 10 5 

Mean 

values of 

pressures 

in mg/S 

5 5.5 6 8 9.5 11.5 15.5 20.5 31.5 58 116 180 

Mean 

values of 

pressures 

in g/mm2 

0.4 0.5 0.55 0.7 0.8 1 1.4 1.8 2.8 5.1 10.3 10.9 

 Beagle #1 Beagle #2 Beagle #3 Beagle #4 

Sex male male male male 

Birth (year) 2019 2018 2019 2018 

Weight (kg) 9.60 11.50 10.60 12.00 
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General Experimental Design 

All experiments were performed on the same day, between 10:00 AM and 12:00 

PM, to ensure a uniform atmospheric setting to rule out any inconsistencies that may result 

from a change in humidity or temperature. All aesthesiometric measurements were 

performed by the same examiner to ensure consistency in technique. This was a crucial 

aspect, as using the CBA involves subjective assessment of corneal sensitivity pressure 

according to the experience of the examiner and the control of filament pressure and angle 

applied to the corneal surface. Throughout the entire procedure, there was an assistant to 

gently but securely restrain the test subjects, maintaining proper position for accurate 

measurements.  

First Experiment 

 The initial experiment was performed without applying any treatment to the eyes to 

establish baseline corneal sensitivity measurements for all test subjects. For the simplicity 

of the experiment, only the central corneal region was measured, being the most reliable 

assessment point. Among the different regions where corneal sensitivity can be measured, 

the central cornea has the highest sensitivity, confirmed by multiple studies assessing 

sensitivities across multiple cornea regions [14]. Each beagle was restrained in an upright 

sitting position and a neutral head orientation facing the front. Their head was stabilized to 

prevent any sudden movement that could cause injury or compromise the accuracy of the 

measurement. 

The measurements began with the nylon filament set to its maximum length of 6 

cm, which indicates the minimum pressure that can be achieved. Then, the filament was 

advanced perpendicularly towards the central corneal surface until a slight blend, 

approximately 5°, was noticed, as shown in Figure 4. If no blink response was observed, 

then the filament length was decreased in increments of 0.5 cm using the cursor, 

progressively increasing the pressure applied. The length of the filament that elicited a 

blink reflex in three out of five applications was recorded. The shortest filament length that 

consistently produced a positive corneal blinking reflex would be the threshold corneal 

sensitivity. The central corneal sensitivity was measured on both the left and right eyes.  
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Second Experiment 

The objective of the second experiment was to determine the time required to reach 

complete corneal insensitivity and to recover to the baseline levels after applying a topical 

anesthetic agent commonly employed in clinics. The baseline corneal sensitivity 

measurements established from the first experiment served as control values. A single drop 

of 2% lidocaine hydrochloride solution was instilled onto the cornea of each eye using a 

sterile syringe. Commonly used topical anesthetic agents for veterinary ophthalmology 

include proparacaine, oxybuprocaine, tetracaine, and lidocaine. Although lidocaine 

hydrochloride is considered off-label use, it was utilized instead of oxybuprocaine, which 

is the gold standard for topical ocular anesthetic, for this study to maintain consistency 

with the methodology of previous studies. Lidocaine hydrochloride has been demonstrated 

to have similar anesthetic effect to those of authorized veterinary ocular anesthetic 

products [39]. After the administration of the agent, the eyelids were gently manipulated to 

uniformly distribute the anesthetic agent across the corneal surface. The corneal sensitivity 

was then measured bilaterally following the protocol established in the first experiment. 

The initial post-anesthetic assessment was performed 1 minute after lidocaine 

administration, and subsequently at 5 minute intervals until the baseline sensitivity values 

were restored in both eyes. 

Figure 4. Demonstration of how the nylon filament was applied to the Beagle’s cornea.   
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6 Results 

Baseline corneal sensitivity 

 The mean nylon length of the beagles (n = 4) between both eyes was 25.00 ± 6.61 

mm, which can be calibrated into a mean corneal touch threshold (CTT) of 2.18 ± 0.82 

g/mm2. The exact nylon length and calibrated pressure values of each individual subjects 

are presented in Table 3. The baseline corneal sensitivity values obtained in this study are 

consistent with previously published data, particularly closely aligning with the mixed-

species study that reported a mean CTT of 2.16 ± 1.40 g/mm2 [47]. The difference in 

standard deviation may be attributed to the population composition of the studies. While 

this study employed exclusively beagles, the comparative study included breeds such as 

border collies, malinois, terriers, mixed breeds, among others, likely resulting in more 

diverse measurements. 

Table 3.  

Conversion of the baseline corneal sensitivity from the nylon filament length in the first experiment. 

 

  Nylon length 

(mm) 

Pressures  

(mg/S) 

Pressures  

(g/mm2) 

Beagle #1 Right 20 31.5 2.8 

Left 20 31.5 2.8 

Beagle #2 Right 35 11.5 1 

Left 35 11.5 1 

Beagle #3 Right 30 15.5 1.4 

Left 20 31.5 2.8 

Beagle #4 Right 20 31.5 2.8 

Left 20 31.5 2.8 

Mean values  25.00 ± 6.61 24.50 ± 9.11 2.18 ± 0.82 
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Corneal sensitivity after the administration of a topical anesthetic agent 

After applying the local anesthetic, it took a mean time of 21.88 ± 6.10 minutes for 

the corneal sensitivity values to return to their baseline values. As lidocaine is 

characterized by a rapid onset of action of 45 to 90 seconds, five out of eight eyes 

completely lost their corneal sensation one minute after the administration of lidocaine 

hydrochloride, eliciting no blinking response when corneal pressure was applied [49]. The 

number of blinking responses observed increased progressively with time. The exact time 

required to restore the original corneal sensitivity of each individual on their left and right 

eyes are displayed in Table 4. The recovery time is consistent with the duration of action of 

topical ocular anesthetic agent, where the duration of action of lidocaine is 10 to 20 

minutes [49].  

 

Table 4.  

Conversion of the corneal sensitivity and time required to recover the baseline values from the second 

experiment. 

 

  Time (minutes) 

Beagle #1 Right 25 

Left 25 

Beagle #2 Right 30 

Left 25 

Beagle #3 Right 10 

Left 15 

Beagle #4 Right 25 

Left 20 

Mean time  21.88 ± 6.10 
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7 Discussion 

Comparison of the baseline corneal sensitivity values with other studies 

Apart from the mixed species study that was used for comparison with the present 

study, several published studies have also documented baseline values for canine corneal 

sensitivity, and some inconsistencies are present. To simplify the comparison, we 

considered the mean CTT values of only the central corneal regions. All CTT values were 

also converted to the unit g/mm² to ensure a consistent basis for comparison using the 

calibration table of the modern Cochet and Bonnet aesthesiometer. Table 5 displays the 

CTT of dogs investigated across multiple studies.   

Table 5.  

Comparison of different studies measuring the corneal sensitivities with CBA in dogs. 

 

Study Notes Nylon length 

(cm) 

Mean CTT 

(g/mm2) 

Barrett et al. [1991]  1.55 8.50 

Good et al. [2003] Non-diabetic  1.60 

Wieser et al. [2013]   2.16 ± 1.40 

Bolzanni et al. [2020] 
Brachycephalic 1.80 ± 0.5 3.70 ± 1.3 

Non-brachycephalic 3.40 ± 0.8 1.10 ± 0.3 

Chan et al. [2023] Non-diabetic 2.80 ± 0.4 1.56 ± 0.03 

Chahory et al. [2025] Only adults  1.40 

 

Although some variability was present in the mean CTT values, most values fell 

within the standard deviation range of this study, which was between 1.36 and 3.00 g/mm2. 

When comparing the values, it is worth noting that the sample sizes across the studies 

varied, and some may have been subject to sampling bias. Studies comparing corneal 

sensitivity across breeds showed significant differences, as expected. For instance, the CTT 

values measured only in a pool of brachycephalic dogs were notably higher, likely 

resulting from their morphological differences.  However, compared with the corneal 

sensitivity values of most studies, the earliest measurements in dogs conducted by the 

“Progress in Veterinary Comparative Ophthalmology” were significantly higher, with a 

mean central corneal CTT of 9.50 g/mm². Various factors may have contributed to this 
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discrepancy, including external influences such as the examiner’s level of experience and 

the measuring techniques. Another important consideration for the substantial difference 

between the CTT values from 1991 and the rest of the studies was that the conversion scale 

for the Luneau Cochet-Bonnet aesthesiometer was different in the past. The old nylon 

filament at a length of 60 mm yielded 0.96 g/mm², whereas the same length on the new 

filament yielded 0.4 g/mm², indicating that the old filament generated higher pressure. This 

difference also highlights that the newer nylon filament was more responsive to smaller 

stimuli [47]. 

Comparison of the duration of topical anesthesia with other studies 

A published study comparing corneal sensitivity between treated and untreated eyes 

after nonophthalmic topical lidocaine gel application reported a mean duration of complete 

anesthesia of 25.3 ± 12 minutes, and recovery time of 25 to 90 minutes [39]. The 

difference in duration of our study may have resulted from the use of different topical 

anesthetic formulations. The previous study utilized a 2% lidocaine gel, while this study 

employed a 2% lidocaine solution for ocular anesthesia. Despite using topical anesthetic 

agents with similar active substances, the viscosity of the gel may have prolonged the 

contact time with the ocular surface, thereby enhancing absorption and duration of action 

of the drug. On the contrary, liquid lidocaine could have been easily washed off from the 

cornea, influencing the depth of anesthesia. 

Limitations 

There are several limitations that affect the interpretation of the results of this study. 

The primary limitation is the small sample size and lack of population diversity. A sample 

size of four dogs (eight eyes) is insufficient to establish a baseline representative value of 

corneal sensitivity for a broader canine population. The homogenous nature of the test 

population further compounds this limitation, as all test subjects were male beagles of 

similar age that were born within a two-year span, and with similar body weights. This 

narrow demographic introduces confounding variables, including hormonal influences in 

male populations and age-related factors. Furthermore, breed and skull anatomy are 

compelling influencing factors for canine corneal sensitivity. With a population pool of 

exclusively beagles, who are considered mesocephalic dog breeds, the corneal sensitivities 

of brachycephalic and dolichocephalic dogs remain uninvestigated. As previous reports 

suggest, cephalic index and corneal innervation likely represent significant sources of 
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variation, which were unassessed in this study. Given these limitations, the results of this 

study may not accurately represent natural corneal sensitivity variations among 

heterogenous canine populations. 

Another crucial factor that could have influenced the result is the blinking of the 

test subjects. The examiner cannot reliably determine whether the dog’s blinking was 

caused by stimulus-induced blinking reflex or spontaneous blinking. Although 

measurements generally showed increased blinking responses with shortened nylon 

filament lengths, some results were inconsistent. For example, certain test results showed 

that a subsequent decrease in nylon length led to fewer blinking responses than with the 

longer nylon filament. These findings suggest that the Cochet-Bonnet aesthesiometer relies 

heavily on subjective interpretation of behavioral responses, which may not always reflect 

actual corneal stimulation.  

Improvements for future studies 

To enhance the validity and to address the limitations of this study for future 

investigations, several methodological improvements should be considered. The most 

essential improvement is employing a more diverse and larger pool of population, 

consisting at least fifty test subjects. Considering the anatomical and physiological features 

that may result in different corneal sensitivity values, future studies should incorporate dog 

breeds from all three different skull types (dolichocephalic, mesocephalic, and 

brachycephalic), at least ranging from ages 1 to 10, with a balanced distribution of male 

and female dogs. Finally, a video recording of blinking responses could enable post-hoc 

analysis by multiple observers to improve measurement accuracy. 

Feasibility in veterinary clinical settings 

The measurement uncertainties and methodological limitations of this study 

highlight the important considerations regarding the practical feasibility of the Cochet-

Bonnet aesthesiometer in veterinary clinical practice. Although the device is relatively 

straightforward to operate, there are critical factors to address before undertaking the 

measurements. The investigation must be carried out under stable environmental 

conditions, as humidity fluctuations can alter the thickness of the nylon filament. A 

controlled environment is challenging to maintain, considering the natural environmental 

stressors, including ambient noise and lighting variations that can influence the test 

subject’s behavior and response patterns. Another important limitation of the device is its 
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fragility and cumbersome handling of the aesthesiometer. Replacing the nylon filament is 

impractical in a busy clinical setting, as great care must be taken to avoid any defects on 

the new filament. Even a minor defect may prevent the filament from sliding through the 

index shaft, requiring an additional replacement. Additionally, the procedure requires 

experienced personnel capable of safely restraining the dogs, as corneal manipulation can 

cause significant anxiety and discomfort, potentially leading to sudden risky movements 

that can injure both the dog and the examiner.  

Furthermore, from a clinical perspective, precise quantitative corneal sensitivity 

measurements may not be necessary for routine veterinary practice. Qualitative assessment 

of corneal sensation, for example, using the cotton wisp test, is enough to guide diagnostic 

and therapeutic decisions. When confirming adequate corneal anesthesia before any 

uncomfortable procedures, specific pressure thresholds are irrelevant. On the other hand, 

specific corneal sensitivity values may be helpful in research areas such as exploring the 

management of specific ulcerative conditions and their potential treatment directions, 

evaluating the effects of topical anesthetic drugs, monitoring the prognosis of corneal 

healing after aggressive interventions, and further investigating the correlation between 

cephalic index and corneal sensitivity. Investigating the precise corneal sensitivities may 

also be helpful in advancements in veterinary contact lenses as long-lasting usage can 

significantly reduce corneal sensitivity [50]. 

Given the substantial limitations of the Cochet-Bonnet aesthesiometer, the more 

recently developed aesthesiometers may be considered for more objective corneal 

sensitivity measurements for future research. Non-contact aesthesiometers, including Gas-

Based Non-Contact Corneal Aesthesiometers, the Swiss Liquid Jet Aesthesiometer, and the 

Brill Aesthesiometer, may address the critical environmental limitations of the CBA. 

However, until the economic accessibility and portability of these instruments are 

improved, widespread clinical implementation remains challenging. 
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8 Summary 

 The baseline corneal sensitivities of healthy dogs and their changes with topical 

anesthesia were assessed in this study. The findings of this study support my initial 

hypothesis. Despite the small sample size, the mean corneal touch threshold of the beagles 

was consistent with that of the reference studies on canine corneal sensitivity. Although 

there may have been discrepancies with values from other studies, the CCT values 

remained within a consistent range. The corneal touch threshold of the eyes after topical 

anesthesia was also consistent with the onset and duration of the action of the agent used. 

However, there may have been disparities with other studies caused by the physical 

properties of the drug utilized in this study.  

 Finally, the practical feasibility of measuring corneal sensitivities with the Cochet-

Bonnet Aesthesiometer warrants further investigations, as the device is highly dependent 

on external influencing factors. However, there have been substantial advancements in 

aesthesiometry devices throughout time, and they have significant research potential. 
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