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Purpose: To assess the prevalence of corneal sensitivity loss in consecutive patients presenting to the clinic as well as in those 
patients with and without dry eye disease (DED).
Methods: Retrospective, single-center study of consecutive patients who presented to the eye clinic and underwent corneal sensitivity 
testing using a non-contact esthesiometer. Data included demographics, medical history, prior or current treatments, comorbidities, corneal 
sensitivity measurements, dry eye symptoms (Standard Patient Evaluation of Eye Dryness Questionnaire [SPEED] questionnaire), and 
corneal staining scores (Oxford scale). The primary outcome was the prevalence of corneal sensitivity loss, defined as ≥8 mbar. Secondary 
outcome measures included the prevalence of corneal sensitivity loss in eyes with DED (Oxford ≥2 and SPEED ≥5) and without DED 
(Oxford ≤1 and SPEED <5).
Results: A total of 395 eyes of 198 patients were included for analysis. Average age was 67.7 ± 16.0 years, and the majority of 
patients (60.6%) were female. Corneal sensitivity loss was observed in 9.4% of all eyes, and 12.6% of patients had reduced corneal 
sensitivity in at least one eye. When assessing eyes with signs of DED (Oxford ≥2), 19.7% (13/66) had corneal sensitivity loss. This 
prevalence increased to 31.4% (11/35) in eyes with both signs and symptoms of DED. Conversely, the prevalence was 5.5% (12/219) 
in eyes without DED. Binary logistic regression demonstrated that Oxford staining score was the strongest predictor of reduced 
corneal sensitivity (OR: 2.0, 95% CI: 1.3–3.0, p=0.001), with other significant factors including history of DED, stroke, and herpes 
zoster virus.
Conclusion: Reduced corneal sensation, a sign of corneal nerve damage and precursor to neurotrophic keratitis, affects nearly 10% of 
all eyes and 30% of eyes with signs and symptoms of DED. Routine clinical testing of corneal sensation should be implemented, 
particularly in patients with DED, to ensure early diagnosis and prompt treatment to prevent disease progression.
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Introduction
The cornea has the highest sensory and autonomic nerve fiber concentration within the body.1,2 These nerve fibers and 
nociceptors pick up various signals ranging from mechanical pressure, temperature changes, and chemical stimuli (eg 
inflammation) that induce blinking and tearing.3 In addition, these nerves release neurotrophic factors that support the 
ocular surface epithelium and influence goblet cell production of mucin.1 On the contrary, the corneal epithelium 
expresses nerve growth factor and glial cell-derived neurotrophic factor, which have been shown to play an important 
role in promoting corneal nerve regeneration following injury.4 Thus, corneal nerves and epithelial cells mutually support 
each other, and damage to one may compromise the function in the other.5 Epitheliopathy, or damage to the corneal 
epithelium, is a common clinical feature of dry eye disease (DED) and is attributed to an unstable tear film. This 
disruption of the corneal epithelial barrier can expose corneal sensory receptors and make the corneal nerves more 
vulnerable to injury. Alternatively, reduced corneal nerve health may result in poor wound healing and breakdown of the 
corneal epithelium. This is supported by studies that have shown mice with higher corneal nerve density exhibit faster 
corneal epithelial wound healing.6,7 Over time, prolonged deterioration of the ocular surface due to underlying 
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inflammation can result in reduced corneal sensitivity and dysfunction of corneal innervation, ultimately resulting in 
neurotrophic keratitis (NK).

NK is believed to be a rare, orphan indication, affecting 0.8–11 cases per 10,000 or less than 200,000 patients in the 
USA.8 Nevertheless, the literature suggests that the prevalence of reduced corneal sensation (ie neurotrophic state) may 
be higher than initially believed. This is supported by a number of studies that have shown that patients with DED, which 
affects 5–35% of individuals, have significantly reduced corneal nerve density compared to healthy eyes.9,10 In fact, as 
the severity of DED worsens, corneal nerve density also decreases.11,12 Moreover, studies have shown that patients with 
DED exhibit reduced corneal sensitivity,12–14 which is directly correlated with the severity of epithelial keratopathy as 
measured by corneal staining.13

Given the high prevalence of DED, the neurotrophic state may be more prevalent than initially believed. While the 
best opportunity to reverse ocular surface damage and prevent progression of NK is early in the disease course, diagnosis 
of NK may be delayed as patients may experience only mild signs or symptoms of DED, and corneal sensitivity testing is 
not widely utilized in routine clinical practice. Thus, we sought to evaluate the prevalence of corneal sensitivity loss in 
patients presenting to the clinic and assess associated risk factors.

Materials and Methods
A retrospective, single-center chart review was conducted on consecutive patients who presented to the eye clinic and 
underwent corneal sensitivity testing using a non-contact esthesiometer between January 2024 and December 2024 by 
a single physician. Corneal sensitivity testing was part of routine clinical work-up and was conducted on all patients 
presenting to the clinic, regardless of chief complaint or reason for visit. The study was conducted in accordance with the 
tenets of the Declaration of Helsinki and was exempt under 45 CFR §46.101(b)(4) by Sterling IRB (#12768). As such, 
the requirement of obtaining patient informed consent to review medical records was waived by the IRB. Patients were 
included if they were at least 18 years of age and had corneal sensitivity measurements with a non-contact esthesiometer 
(Brill Engines, Barcelona, Spain). Data retrieved from patients’ medical records included demographics, medical history, 
ocular comorbidities, prior and concomitant ocular medications, SPEED scores, corneal staining scores, and corneal 
sensitivity measurements. Primary outcome was the prevalence of corneal sensitivity loss, which was defined as a patient 
sensation of 8 mbar (level 4) or higher. Secondary outcomes included the prevalence of corneal sensitivity loss in eyes 
with and without DED as well as risk factors associated with reduced corneal sensitivity. DED was defined as eyes that 
had both signs and symptoms of DED (Oxford grade ≥2 and SPEED score ≥5). Eyes without DED were defined as those 
with minimal or no staining (Oxford grade ≤1) in patients who had no symptoms of DED (SPEED <5).

Esthesiometry
Corneal sensitivity was performed as previously described15,16 using a non-contact esthesiometer (Brill Engines, Spain) 
prior to any anesthetics being applied into the patient’s eye. The device, which was mounted on a slit lamp, emits two 
LED lights that converge on the subject’s cornea when positioned 4 mm from the corneal surface, which ensures both 
accurate positioning on the cornea as well as correct distancing for precise measurements. The esthesiometer produces 
pulses of air at five different intensities, which range in pressure from 2 mbar to 10 mbar. Each pressure range is defined 
as the average estimated pressure over a 0.4 mm diameter surface. Corneal sensitivity was measured by administering air 
puffs to the central cornea, starting at the lowest pressure (level 1 or ~2 mbar) and increasing the level/pressure until the 
patient verbally reported sensing the air puff. The lowest level that the patient could sense the air puff was recorded. The 
aforementioned steps were repeated for the contralateral eye, producing two corneal sensitivity readings for each patient. 
Reduced corneal sensation was defined as level 4 (~8 mbar) or higher.17

SPEED Questionnaire
Patients’ subjective dry eye symptoms were assessed using the Standard Patient Evaluation of Eye Dryness (SPEED) 
questionnaire, which is a validated survey that evaluates both the frequency and severity of dry eye symptoms in eight 
questions. The patient grades the frequency of symptoms on a scale of 0–3, with 0 being ‘never’ and 3 being “constant”. 
The severity of symptoms is rated on a scale of 0–4, with 0 being “no problems” and 4 being “intolerable”. The numeric 
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value for each answer is added to give a total score ranging from 0 to 28, with a score ≥ 5 indicative of mild dry eye, ≥ 7 
indicating moderate dry eye, and a score ≥ 10 indicating severe dry eye.18

Corneal Staining
Fluorescein sodium ophthalmic strips without topical anesthetics (BioGlo; Hub Pharmaceuticals, Scottsdale, AZ) were 
used to evaluate ocular surface damage, which was graded using the Oxford grading scale.19 The Oxford scale grades 
corneal staining according to severity as determined by the number and density of punctate dots: 0 = absent, I = minimal, 
II = mild, III = moderate, IV = marked, and V = severe. The overall appearance of the patient’s corneal staining was 
compared with a reference figure and the grade that best represented the state of corneal staining was selected.

Statistical Analyses
All statistical analyses were conducted using IBM SPSS Statistics version 30.0 (IBM; Armonk, NY, USA). The study 
sample is described using summary statistics (n, mean, standard deviation, median, and maximum/ minimum) for 
continuous data and frequency statistics (counts and percentages) for categorical data. Continuous outcome measures 
were compared between groups (reduced corneal sensitivity versus normal corneal sensitivity) using the Independent 
Samples T-test, whereas percentages and frequencies were assessed using Chi-Squared test or Fisher’s Exact Test when 
one or more cells had an expected cell count less than 5. Binary logistic regression using backwards technique was 
conducted to determine factors significantly associated with corneal sensitivity loss. Pearson correlation coefficient was 
used to assess correlations between linear variables. Hypothesis testing was performed at the 5% significance level, and 
all confidence intervals are two-sided with 95% coverage.

Results
A total of 395 eyes of 198 patients were included for analysis. Average age was 67.7 ± 16.0 years, and the majority of 
patients (60.6%) were female. Furthermore, 80.3% of patients were Caucasian or White, 18.7% were African American 
or Black, and 1% were Asian. Medical history and common comorbidities included hypertension (79.3%), cataract 
(71.2%), diabetes mellitus (31.3%), DED (66.2%), glaucoma (16.2%), herpes zoster virus (3.0%), Parkinson’s disease 
(2.5%), stroke (10.1%), and ocular infection (4.0%). More than half (55.1%) of patients had undergone prior ocular 
surgery, with 53.0% of patients having a history of cataract surgery. Current ocular medications included cyclosporine 
(12.1%), steroids (5.1%), artificial tears (63.1%), and glaucoma drops (13.6%). Average corneal staining score was 0.73 
± 0.82 (median:1, range: 0–3), which was graded as absent in 47.3% of eyes, minimal in 35.9%, mild in 13.2%, and 
moderate in 3.5% of eyes. Corneal staining scores (OD and OS) were strongly correlated between eyes (r=0.93, 
p<0.001). Average SPEED score was 4.29 ± 4.91 (median: 3, range: 0–25); the majority of patients (63.1%) were 
asymptomatic, 12.6% had mild symptoms of DED, 11.6% had moderate symptoms of DED, and 12.6% of patients had 
severe symptoms of DED.

When assessing the lowest pressure level at which eyes could detect corneal sensation (Figure 1), 38.2% of eyes 
detected level 1 (2.6 ± 0.2 mbar), 44.6% detected level 2 (4.6 ± 0.2 mbar), 7.8% detected level 3 (6.6 ± 0.3 mbar), 6.3% 
detected level 4 (8.5 ± 0.2 mbar), and 3.0% detected level 5 (10.3 ± 0.3 mbar). Corneal sensitivity measurements of both 
eyes (OS and OD) were strongly correlated (r=0.77, p<0.001). A total of 25 patients (12.6%; 95% CI: 8.6–18%) had at 
least one eye with reduced corneal sensitivity, which was defined as level 4 or higher (≥ 8 mbar), and 9.4% (95% CI: 
6.8–12.7%) of all eyes had reduced corneal sensitivity (Figure 1).

When assessing the prevalence of reduced corneal sensitivity by corneal staining grade (Figure 2), 2.1% (4/187) of 
eyes with Oxford grade 0 or no staining had reduced corneal sensitivity, 14.1% (20/142) of eyes with Oxford grade 1 
or minimal staining had reduced sensitivity, 19.2% (10/52) of eyes with Oxford grade 2 or mild staining had reduced 
sensitivity, and 21.4% (3/14) of eyes with Oxford grade 3 or moderate staining had reduced sensitivity (p<0.001). 
Similarly, when assessing the prevalence of reduced corneal sensitivity by severity of DED symptoms by SPEED 
score (Figure 3), reduced corneal sensitivity was present in 5.6% (14/250) of asymptomatic eyes, 8.0% (4/50) of eyes 
with mild symptoms, 19.5% (9/46) of eyes with moderate symptoms, and 20.4% (10/49) of eyes with severe 
symptoms (p<0.001). When assessing the prevalence of corneal sensitivity loss in patients with both signs (Oxford 
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Figure 1 Lowest pressure level at which eyes could detect corneal sensitivity using a non-contact esthesiometer. Level 4 or higher is indicative of corneal sensitivity loss.

Figure 2 Percentage of eyes with corneal sensitivity loss (level 4 or higher) by severity of punctate staining (Oxford grade).

Figure 3 Percentage of eyes with corneal sensitivity loss (level 4 or higher) by severity of dry eye symptoms (SPEED Score).
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grade ≥ 2) and symptoms (SPEED score ≥5) of DED, the rate was 31.4% (11/35). The prevalence of corneal 
sensitivity loss in patients with no signs or symptoms of DED (Oxford grade ≤1 and SPEED score<5) of DED was 
5.5% (12/219).

Eyes with reduced corneal sensitivity had significantly higher SPEED scores (6.8 ± 4.9 vs 4.0 ± 4.8, p=0.005) and 
corneal staining scores (1.3 ± 0.8 vs 0.7 ± 0.8, p<0.001) compared to eyes with normal corneal sensation (Table 1). In 
fact, of those eyes with corneal sensitivity loss, 89% had some degree of corneal staining, and 62% had symptoms of 
DED (SPEED score ≥5). Furthermore, patients who had reduced corneal sensitivity in at least one eye were significantly 
older and had significantly higher prevalence of comorbidities including DED, stroke, herpes zoster virus, and hyperten
sion (Table 1). Binary logistic regression demonstrated that corneal staining score was the strongest predictor of reduced 
corneal sensitivity (OR: 2.0, 95% CI: 1.3–3.0, p=0.001), with other significant predictors including prior stroke (OR: 2.6, 
95% CI: 1.0–6.4; p=0.042), diagnosis of DED (OR: 10.0, 95% CI: 1.3–76.7; p=0.021), and history of herpes zoster virus 
(OR: 4.4, 95% CI: 1.2–15.5; p=0.023).

Discussion
In this study, we found that 9.3% of all eyes that presented to the clinic had impaired corneal sensitivity. Interestingly, 
96% of patients who had reduced corneal sensitivity also had co-existing DED and were using preservative free artificial 
tears, and eyes with reduced corneal sensitivity loss had significantly worse signs and symptoms of DED. In fact, of those 
eyes with corneal sensitivity loss, 89% had some degree of corneal staining. DED, which is associated with a reduced 
tear film and ocular inflammation, has been shown to cause damage to the corneal nerves. Impaired corneal sensitivity 
and nerve function can dampen the blinking and tearing reflexes, resulting in an abnormal tear film, more ocular 
exposure, and ultimately a vicious cycle of deterioration of the ocular surface epithelium and progression into stage 1 
NK.20 Notably, we found that the risk of corneal sensitivity loss doubled with every increase in corneal staining score 
based on logistic regression (OR: 2.0, 95% CI: 1.3–3.0). When assessing eyes with mild to moderate superficial punctate 
keratitis (≥Oxford grade 2), the rate of reduced corneal sensitivity increased to 20% (13/66). Our results are similar to 
a prospective, multi-center assessment of 409 eyes, which found 26% of eyes with SPK had reduced corneal sensitivity, 
defined as ≤ 45mm using a Cochet-Bonnet esthesiometer.21 In that study, the rate of impaired corneal sensitivity 
increased to 86% in eyes with persistent epithelial defects,21 supporting the notion that dysfunction of corneal innervation 
and sensitivity is associated with increasing damage to the ocular surface epithelium.

Table 1 Patient Demographics and Characteristics in Eyes with and without Corneal 
Sensitivity Loss

CS Loss  
(37 Eyes, 25 Patients)

Normal CS  
(358 Eyes, 173 Patients)

P-value

Age (years) 74.4 ± 10.5 67.0 ± 16.4 <0.001*

Female, n (%) 15 (60.0%) 105 (60.7%) 1.0
Comorbidities, n (%)

Hypertension 24 (96.0%) 133 (76.9%) 0.027*

Diabetes Mellitus 11 (44.0%) 51 (29.5%) 0.14
Shingles 4 (16.0%) 2 (1.2%) 0.003*

Dry Eye Disease 24 (96.0%) 107 (61.8%) <0.001*
Glaucoma 5 (20.0%) 27 (15.6%) 0.57

Parkinson's 2 (8%) 3 (1.7%) 0.12

Stroke 6 (24%) 14 (8.1%) 0.025*
Prior Cataract Surgery 17 (68.0%) 88 (50.9%) 0.11

SPEED Score 6.81 ± 4.89 4.00 ± 4.82 <0.001*

Oxford Staining Score 1.32 ± 0.78 0.67 ± 0.80 <0.001*

Note: *P<0.05. 
Abbreviation: CS, corneal sensitivity.
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While patients with NK, particularly those with advanced stage disease, are often asymptomatic due to the nature of 
the condition, several studies suggest that patients with less progressive forms of NK (stage 1) suffer from symptoms 
similar to DED.22–24 This is supported by recent studies, which found that patients with DED had significantly worse 
symptoms as well as significantly reduced corneal sensitivity compared to healthy controls.16 Similarly, we found that 
symptoms of DED were significantly worse in eyes with impaired corneal sensitivity, and as severity of symptoms 
increased, so did the prevalence of corneal sensitivity loss (Figure 3). In fact, corneal sensitivity loss was observed in 
31.4% (11/35) of eyes with both signs and symptoms of DED (Oxford score ≥2 and SPEED score ≥5). For this reason, 
screening of both signs and symptoms of DED may play a crucial role in identifying patients who are at increased risk for 
reduced corneal sensitivity.

It should be noted that a recently published study found that 58% (18/31) of patients who presented for cataract 
surgery with DED (Oxford staining ≥ 1 and TBUT ≤ 10 seconds) had stage 1 NK, which was defined as ≤ 40mm using 
a Cochet-Bonnet esthesiometer.24 In contrast to the present study, Hovanesian found that corneal sensitivity did not 
correlate with severity of either corneal staining or SPEED scores. Furthermore, the reported prevalence rate of 58% is 
much higher than what was observed in the present study in eyes with Oxford grade ≥ 1 (16%). Nevertheless, the 
aforementioned study only assessed 31 eyes, making it difficult to draw generalizable conclusions due to the small 
sample size.24

Aside from DED and corneal staining severity, other significant risk factors associated with reduced corneal sensation 
in this study included a history of stroke and herpes zoster virus. NK is a relatively common complication of herpes 
zoster ophthalmicus.25 Compared to healthy eyes, eyes with herpes zoster ophthalmicus have a significant decrease in 
total nerve length, number of nerves, and number of nerve branches, which was found to be significantly correlated with 
corneal sensation.26 Similarly, patients with history of ischemic stroke have been shown to have significantly greater 
corneal nerve damage, including reduced corneal nerve density and fiber length.27,28 Thus, these risk factors should be 
screened for, as they are known to incite corneal nerve damage and increase the risk of developing NK.

There are several ways to assess corneal sensitivity, including a cotton wisp, Cochet-bonnet esthesiometer, and non- 
contact esthesiometer.29 While the former is more readily available and inexpensive, assessments are highly subjective 
and not quantifiable. Cochet-bonnet esthesiometers have been widely used, particularly in the clinical and research 
setting, and are considered the gold standard for obtaining quantitative measurements of corneal sensitivity. This device 
has a nylon monofilament whose length can be adjusted between 5 and 60 mm to exert different pressures that range from 
5 to 180 mm/S.29 However, limitations include risk of injury to the corneal epithelium and non-linear delivered forces. 
The Brill esthesiometer, which was approved by the FDA in 2023, is a portable, non-contact esthesiometer that delivers 
pulses of ambient air across five levels (1–10 mbar) as a stimulus.29 A recent study demonstrated that the Brill 
esthesiometer is effective and safe with operator-independent repeatability and has comparable range and good agree
ment with the Cochet-Bonnet esthesiometer in both healthy and dry eyes.15,30 Advantages include its non-invasive 
measurements and the linear increase in pressure with increasing level. Nevertheless, because this a newer device, there 
is no universally accepted definition as to which level constitutes “reduced corneal sensitivity”. A number of studies have 
shown that sensitivity commonly ranges from 3 ± 1 mbar in healthy eyes, whereas eyes with OSD, including DED, have 
a range of 6 ± 3 mbar.16,31,32 As a result, we chose level 4 or higher (≥8 mbar) as our cutoff as a safeguard to prevent 
overinflating results.

While a number of DED treatments exist, the majority of these therapies do not target or treat the underlying corneal 
nerves. In the present study, 96% of patients who had reduced corneal sensitivity were currently being treated with 
artificial tears for DED. This is further supported by a study in which escalation of treatment for one year following 
diagnosis of NK resulted in worsening of visual acuity by an average of one line in patients with stage 1 NK. Most 
common treatments in this study included autologous serum tears (46%), anti-infective ointments and drops (75%), anti- 
inflammatory drops (54%), oral anti-virals (44%), bandage contact lens (41%), and punctal occlusion (42%). Thus, 
treatments that address the corneal nerves should be promptly utilized to prevent worsening of NK and visual function. 
There are currently few treatments that have been shown to promote regeneration of the corneal nerves and improve 
corneal sensitivity, which include recombinant human nerve growth factor (Cenegermin) and cryopreserved amniotic 
membrane (AM). Cenegermin, which is FDA approved for NK, has recently been shown to improve signs, symptoms, 
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and corneal sensitivity in patients with stage 1 NK.23 Nevertheless, the long-term durability of improvement in corneal 
sensation remains unclear, and its high cost (>$90,000) may prevent widespread and repetitive use. Self-retained 
cryopreserved AM (Prokera) has been shown to promote corneal nerve regeneration, significantly improve corneal 
sensitivity, and improve both signs and symptoms in patients with severe DED at 3 months.33 Thus, AM may prove 
a fruitful treatment option for patients with stage 1 NK, eg those with reduced corneal sensitivity as well as signs and 
symptoms of DED.

There are several limitations to this study. First, this study was conducted retrospectively. Nevertheless, corneal 
sensitivity testing was conducted on every patient who entered the clinic as part of routine clinical work-up, regardless of 
chief complaint or reason for office visit. Furthermore, the other assessments, including the SPEED questionnaire and 
corneal staining, were conducted on the same day, which helps to ensure that the collected data were accurate. Second, 
corneal sensitivity testing is a subjective test. Future studies may like to assess how corneal sensitivity measurements 
using the Brill esthesiometer correlate with corneal nerve density to substantiate these findings through objective 
measures. Nevertheless, corneal sensitivity testing is the gold standard in diagnosing NK, as in vivo confocal microscopy 
is timely, expensive, and not widely available to both optometrists and ophthalmologists. Lastly, while the literature 
widely reports NK being defined as ≤ 40mm using the Cochet-Bonnet esthesiometer,23,24 there is no universally accepted 
definition as to which level of the Brill esthesiometer constitutes “reduced corneal sensitivity”. As stated above, a level 4 
or higher (≥8 mbar) was used in this study as a safeguard based off the literature.16,31,32

In summary, the prevalence of corneal sensitivity loss and ultimately corneal nerve damage is higher than previously 
thought. Routine clinical testing is imperative, particularly in those patients with higher risk factors, to ensure timely 
diagnosis and treatment and ultimately preserve vision.

Conclusion
Reduced corneal sensation, a sign of corneal nerve damage and precursor to neurotrophic keratitis, affects nearly 10% of 
all eyes and 30% of eyes with signs and symptoms of DED. Routine clinical testing of corneal sensation should be 
implemented, particularly in patients with DED, to ensure early diagnosis and prompt treatment to prevent disease 
progression.
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