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ABSTRACT | Purpose: This study aimed to evaluate the 
relationship between the objective severity of dry eye disease  
subjective symptoms, and corneal sensitivity. Methods: The 
study included 62 eyes from 31 healthy volunteers and 150 eyes 
from 75 patients diagnosed with  dry eye disease . Participants 
underwent the Schirmer I test, tear break-up time assessment, 
and corneal staining evaluation using the Oxford Scale. Subjective 
symptoms were assessed through the Ocular Surface Disease 
Index questionnaire and a modified Ocular Surface Pain Score 
questionnaire. Corneal sensitivity was measured in five corneal 
regions using a Cochet-Bonnet esthesiometer. Dry eye disease 
severity was graded from 1 to 5 based on the Oxford Scale. 
Comparative analyses were performed. Results: Schirmer I and 
tear break-up time values were significantly lower in the DED 
group, while Ocular Surface Disease Index and Ocular Surface 
Pain Score were significantly higher (p<0.001 for all). Corneal 
sensitivity in all quadrants was significantly lower in DED patients 
(p<0.001 for all). A strong correlation was observed between 
the Ocular Surface Pain Score and the Ocular Surface Disease 
Index (r=0.983, p<0.001). Central corneal sensitivity exhibited 
a moderate positive correlation with Schirmer I and tear break-
-up time (p<0.001, r=0.583 and 0.657, respectively) and a 
moderate negative correlation with Ocular Surface Disease Index 
and Ocular Surface Pain Score (p<0.001, r=0.625 and −0.631, 
respectively). Disease severity progression was associated with 
increased Ocular Surface Disease Index and Ocular Surface 
Pain Score, but no statistically significant difference was found 

between Grades 3 and 5. Similarly, corneal sensitivity decreased 
with advancing disease severity, yet no significant difference 
was observed between Grades 4 and 5. Conclusion: Corneal 
sensitivity decreases in dry eye disease and is negatively correlated 
with disease severity. Subjective symptoms increase with disease 
progression and show a positive correlation with severity. The 
absence of significant differences between the advanced stages 
suggests that neuropathic mechanisms and subbasal nerve plexus 
deterioration play a role in chronic and late-stage dry eye disease.

Keywords: dry eye disease; signs and symptoms;  cornea; 
neuralgia; Cochet-Bonnet esthesiometer; sensory thresholds; 
surveys and questionnaires

INTRODUCTION

Dry eye is a prevalent ocular surface disorder re-
sulting from increased tear evaporation, reduced tear 
production, or a combination of both, with reported 
prevalence rates ranging from 5% to 34%(1). According 
to the 2007 Dry Eye Workshop diagnostic guidelines, 
subjective symptoms play a crucial role in diagnosing 
dry eye disease (DED) alongside objective measures such 
as tear break-up time (TBUT), Schirmer tests, meibomian 
gland dysfunction assessment, tear osmolarity testing, 
and ocular surface staining(2,3).

Dry eye disease is an inflammatory condition that 
shares characteristics with autoimmune diseases. 
Environmental, endogenous, genetic, and infectious 
factors are believed to disrupt ocular surface homeos-
tasis, triggering disease onset(4).  Corneal nerves play a 
fundamental role in maintaining ocular surface integrity, 
and corneal nerve dysfunction is known to contribute to 
DED pathophysiology(5-7). While it is well established that 
disrupted homeostasis and secondary corneal epithelial 
damage can lead to nerve impairment, neuropathic 
changes may occur even in the absence of epithelial 
pathology. Increased levels of proinflammatory cytokines, 
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chemokines, and matrix metalloproteinases may exa-
cerbate epitheliopathy by activating autoreactive Th1 
and Th17 CD4+ T cells in the ocular surface and lacri-
mal gland(8,9). Additionally, complement activation and 
CD4+ T cells have been implicated in corneal nerve 
damage independent of epithelial pathology in various 
animal models(9,10). Although the exact mechanisms re-
main unclear, neuropathy and epitheliopathy appear to 
form a vicious cycle that disrupts ocular surface homeos-
tasis, leading to somatosensory changes and negatively 
impacting quality of life.

Studies on corneal sensitivity in DED have yielded 
conflicting results, with reports of hypoesthesia, hype-
resthesia, or no significant sensitivity changes. Patients 
with varying degrees of disease severity often report no-
ciceptive, neuropathic, or psychogenic ocular pain(11-14).

In routine clinical practice, ocular surface staining 
remains a critical tool for assessing epitheliopathy in 
DED. The Oxford Scale, which evaluates the pattern and 
intensity of staining, is particularly useful for grading 
disease severity and monitoring treatment responses, as 
it provides more comprehensive insights compared with 
numerical measurements alone(15). 

Given these considerations, this study aimed to 
evaluate the relationship between DED severity-graded 
using the Oxford Scale-subjective neuropathic symp-
toms, and corneal sensitivity.

METHODS

This cross-sectional study included 62 eyes from 31 
healthy volunteers who presented to the outpatient cli-
nic for routine ophthalmological examination and 150 
eyes from 75 newly diagnosed patients with DED who 
had not yet initiated treatment. The exclusion criteria 
were as follows: presence of any ocular disease other 
than refractive error or DED, use of contact lenses, chro-
nic use of ocular or systemic medications, and history 
of ocular surgery.

Following a comprehensive ophthalmological exa-
mination, participants underwent the Schirmer I test, 
TBUT measurement, corneal staining assessment using 
the Oxford Scale, and administration of the Ocular Sur-
face Disease Index (OSDI) and Ocular Surface Pain Score 
(OSPS) questionnaires. Corneal sensitivity was evaluated 
using a Cochet-Bonnet esthesiometer.

The Ocular Surface Disease Index (OSDI; Allergan, 
Inc., Irvine, California) is a validated questionnaire 
designed to assess the severity and impact of ocular 

surface symptoms associated with chronic DED. It eva-
luates three domains: ocular symptoms, visual function, 
and environmental triggers, making it a widely used tool 
in DED diagnosis, follow-up, and clinical research(16,17).  
To focus on corneal pain sensitivity, the OSPS questio-
nnaire was derived by modifying the OSDI, specifically 
by removing questions related to visual function (e.g., 
blurred vision and poor vision). Before undergoing cli-
nical evaluations, all participants completed both the 
OSDI and OSPS.

After a routine slit-lamp examination, the Schirmer I 
test was performed without topical anesthesia using a 
standardized filter strip (5 × 35 mm) placed at the lower 
eyelid margin. The length of wetting on the strip was 
recorded after 5 min. TBUT was assessed by applying a 
fluorescein strip to the inferior fornix, and the time until 
the first break in the fluorescein tear film was recorded 
under cobalt blue filter slit-lamp examination.

Corneal and conjunctival staining patterns were 
evaluated using the Oxford Scale and graded from 0 to 
5 by two independent masked clinicians. Corneal sen-
sitivity was measured in five regions (central, superior, 
inferior, nasal, and temporal) using a Cochet-Bonnet 
esthesiometer (Luneau Technology, France) without 
topical anesthesia. Measurements were performed 
with the filament initially extended to 60 mm and 
progressively shortened until a positive response was 
elicited. Each measurement was repeated three times 
per region, and the mean value was recorded. To mi-
nimize variability, all assessments were conducted by 
the same clinician between 10:00 and 15:00 at a con-
trolled room temperature.

According to the diagnostic guidelines established by 
Tear Film and Ocular Surface Dry Eye Workshop II (TFOS 
DEWS II), the Asian Dry Eye Society, and the Japanese 
Dry Eye Society, patients were classified as having DED 
if they met the following criteria: positive symptoms on 
the OSDI questionnaire (score ≥13) and at least one sign 
of ocular surface instability, including TBUT ≤10 s, Schirmer 
I test ≤10 mm, corneal staining (>5 corneal spots), 
conjunctival staining (>9 conjunctival spots), and lid 
margin staining(18,19). Patients diagnosed with DED were 
categorized into five severity grades based on the Oxford 
Scale. Corneal sensitivity, dry eye parameters, OSDI, and 
OSPS scores were compared across severity groups and 
between patients with DED and healthy controls.

All statistical analyses were performed using IBM 
SPSS Statistics 25.0 (IBM Corp., Armonk, New York) and 
R 4.3.0 software. Numerical variables were expressed as 
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mean, standard deviation, median, minimum, and ma-
ximum values. Chi-square tests were used to compare 
gender distributions between groups. Welch’s ANOVA 
was used to compare OSDI and OSPS scores across 
severity groups, with Bonferroni correction applied for 
pairwise comparisons. Since both eyes of each patient 
were analyzed, linear mixed-effects models were crea-
ted for TBUT, Schirmer I test results, and corneal sensi-
tivity measurements, with eye laterality (“side” variable), 
included as a random effect. Model suitability was tested 
using the restricted maximum likelihood (REML) me-
thod, and the Tukey correction was applied for post hoc 
pairwise comparisons. Pearson correlation analysis was 
performed for parametric variables, whereas Spearman 
correlation analysis was used for nonparametric varia-
bles. P-values were derived from t values and standard 
errors, with statistical significance set at p<0.05. Results 
were reported at a 95% confidence interval. This study 
was conducted in compliance with the Declaration of 
Helsinki and was approved by the Ege University Faculty 
of Medicine Ethics Committee (Approval No. 22-6T/39). 
The study received financial support from the Ege Uni-
versity Scientific Research Projects Coordination Office 
(Project ID: 27393). Written informed consent was ob-
tained from all participants.

RESULTS

The mean age of patients with DED was 48.17 ± 
17.68 yr (range: 20-83), while the mean age of healthy 
volunteers was 44.35 ± 14.90 yr (range: 24-82), with 
no statistically significant difference between groups 
(p=0.162). The male-to-female ratio was 32:43 in the 
DED group and 19:12 in the control group, with a signi-
ficantly higher female prevalence among patients with 
DED (p=0.014).

In alignment with previous studies, Schirmer I test 
and TBUT values were significantly lower, while OSDI 
and OSPS scores were significantly higher in the DED 
group than the control group (p<0.001 for all compa-
risons). Corneal sensitivity was significantly reduced 
across all quadrants in patients with DED (p<0.001 for 
all comparisons). Additionally, a strong positive corre-
lation was observed between OSPS and OSDI scores 
(r=0.983, p<0.001).

When patients were stratified into five severity 
groups based on DED progression, mean age, and 
gender distribution are presented in table 1. Female 
predominance was particularly significant in Groups 

3 and 4. The mean Schirmer I test, TBUT, OSDI, OSPS, 
and central corneal sensitivity values for both eyes are 
summarized in table 2.

A moderate positive correlation was observed  
between corneal sensitivity across all quadrants and 
both Schirmer I test results (r=0.583, p<0.001) and 
TBUT values (r=0.657, p<0.001). Conversely, a mode-
rate negative correlation was found between corneal 
sensitivity and OSDI (r=−0.625, p<0.001) and OSPS 
(r=−0.631, p<0.001; Table 3).

When comparing patients by DED severity, OSDI 
and OSPS scores increased with disease progression; 
however, there was no statistically significant differen-
ce in pairwise comparisons Grades 3 and 5 (Figure 1). 
Similarly, corneal sensitivity decreased as the disease 
progressed, with the most significant drop occurring 
between Grades 3 and 4, while no significant difference 
was observed between Grades 4 and 5 (Figure 2).

DISCUSSION

The literature presents conflicting findings regarding 
alternations in corneal sensitivity in DED. Spierer et al. (20) 
reported that increased dry eye symptoms and ocular 
pain result in corneal hypersensitivity. Similarly, Kaido 
et al.(21) found heightened corneal sensitivity in patients 
with low TBUT. Situ et al.(11) also observed significantly 
higher conjunctival and corneal sensitivities in the DED 
group compared with controls, as measured by a pneu-
matic Belmonte esthesiometer.

Conversely, Rahman et al.(22), using the Cochet-
Bonnet aesthesiometer, evaluated corneal sensitivity 
in 10 healthy individuals and 33 patients with DED 
and found reduced corneal sensitivity in the latter, 
particularly in those with aqueous insufficiency. They 
attributed this reduction to increased eye irritation, 
tear instability, ocular surface disease, and decreased 

Table 1. Demographic characteristics of the study groups

Groups Mean age (yr) ± SD (Range) F/M (n)

Healthy volunteers 45.96 ± 15.10 (24-82) 19/12

Grade 1 DED 47.40 ± 16.98 (21-82) 9/6

Grade 2 DED 46.43 ± 16.59 (24-69) 9/6

Grade 3 DED 48.83 ± 18.04 (21-83) 4/11

Grade 4 DED 48.76 ± 21.18 (20-83) 3/12

Grade 5 DED 48.33 ± 20.21 (20-82) 7/8

DED= dry eye disease.
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Table 2. Schirmer I, TBUT, OSDI, OSPS, and central corneal sensitivity across study groups

Parameter

Groups

Healthy Volunteers Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

OSDI 6.81 ± 6.36 18.0 ± 14.34 49.3 ± 25.85 67.6 ± 16.69 66.66 ± 22.46 73.01 ± 14.03

OSPS 6.63 ± 6.22 19.96 ± 16.80 52.15 ± 25.73 73.65 ± 17.84 74.11 ± 20.97 82.76 ± 13.26

Schirmer I

 Right 21.29 ± 5.90 21.26 ± 6.13 14.86 ± 5.68 13.13 ± 6.63 13.66 ± 7.22 10.13 ± 5.31

 Left 21.29 ± 5.91 21.13 ± 5.82 14.66 ± 7.72 12.46 ± 5.80 13.13 ± 7.70 10.00 ± 5.34

TBUT

 Right 15.29 ± 3.82 12.80 ± 3.72 8.60 ± 4.22 6.06 ± 2.25 4.40 ± 1.95 3.3 ± 1.54

 Left 15.77 ± 3.72 13.13 ± 3.60 7.93 ± 4.04 5.46 ± 2.19 4.13 ± 1.59 3.66 ± 1.54

Central corneal sensitivity

 Right 59.35 ± 1.37 59.06 ± 2.60 56.80 ± 4.07 54.46 ± 5.55 49.20 ± 8.16 48.20 ± 10.01

 Left 59.22 ± 1.82 59.06 ± 2.59 56.60 ± 3.90 54.26 ± 5.47 48.66 ± 8.83 47.66 ± 10.39

R-Right= L-Left, TBUT= tear break-up time, OSDI= Ocular Surface Disease Index, OSPS= Ocular Surface Pain Score.

Table 3. Correlation coefficients between corneal sensitivity in all quadrants and Schirmer I, TBUT, OSDI, and OSPS

Corneal sensitivities Schirmer I TBUT OSDI OSPS

Central 0.583 0.687 −0.625 −0.631

Superior 0.541 0.549 −0.556 −0.562

Inferior 0.548 0.564 −0.554 −0.565

Nasal 0.594 0.623 −0.608 −0.613

Temporal 0.561 0.598 −0.591 −0.593

*p<0.001 for all parameters, T-BUT= tear break-up time, OSDI= Ocular Surface Disease Index; OSPS= Ocular Surface Pain Score.
Note: p<0.001 for all parameters.

Figure 1. Pairwise comparisons of OSDI and OSPS scores among study groups
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blink rate. Likewise, Bourcier et al.(13) used a Belmonte 
noncontact gas esthesiometer and reported decrea-
sed corneal sensitivity to mechanical, thermal, and 
chemical stimuli in patients with DED compared with 
controls.

Adatia et al.(23) investigated the correlation between 
corneal sensitivity, subjective dry eye symptoms, and 
corneal staining in patients with Sjogren’s syndrome. 
They found that sensitivity declined as ocular surface 
disease severity increased. However, they also noted 
that subjective symptoms decreased in advanced DED, 
despite more severe objective signs. They proposed that 
the chronicity and severity of DED influence its clinical 
presentation, but they did not provide a clear patho-
physiological explanation for this phenomenon. Further 
research, particularly using confocal microscopy, could 
elucidate these mechanisms. Benítez del Castillo et al.(24) 
examined corneal sensitivity using the Cochet-Bonnet 
esthesiometer and assessed subbasal nerve density via 
in vivo confocal microscopy, finding reductions in both 
in DED patients. Similarly, Labbé et al.(25) reported de-
creased corneal sensitivity and subbasal nerve density 
in DED, with a positive correlation between corneal 
nerve density and sensitivity. Additionally,  studies in 
animal models have suggested that complement and 
CD4+ T cell-mediated neuropathy may contribute to 
these findings(8-10). Future clinical research is needed to 
further clarify this mechanism.

In the present study, corneal sensitivity was signifi-
cantly lower in the DED group than in healthy controls, 
and sensitivity further declined as disease severity in-
creased. However, no statistically significant increase 
in OSDI and OSPS was observed beyond Grade 3, and 
the reduction in corneal sensitivity was not statistically 
significant beyond Grade 4.

Changes in ocular surface sensitivity in DED should 
be examined in the context of both nociceptive and 
neuropathic mechanisms(26). A discrepancy often exists 
between objective indicators of tear dysfunction and 
patient-reported symptoms, likely due to neuropathic 
contributions to ocular sensitivity. Additionally, syste-
mic diseases such as diabetes and Sjogren’s syndrome 
may exacerbate this mismatch(27). Another key factor 
is corneal nerve plexus deterioration caused by DED. 
Broadly speaking, patients whose symptoms exceed 
their clinical signs may experience predominant neuro-
pathic mechanisms, whereas those with more pronoun-
ced clinical signs may exhibit neurotrophic changes, as 
demonstrated in vivo confocal microscopy studies(28,29). 
The lack of a statistically significant difference in corneal 
sensitivity reduction and symptom severity in advanced 
DED stages suggests the increasing role of neuropathic 
mechanisms in disease progression.

Several grading systems have been proposed for DED, 
incorporating subjective symptoms and objective para-
meters such as corneal and conjunctival staining, TBUT, 
Schirmer’s test results, tear meniscus height, osmola-
rity, and meibomian gland dysfunction(2,30,31).  Corneal 
staining plays a particularly important role in disease 
grading, with multiple scales available, including the 
National Eye Institute (NEI)/Industry scale, the Oxford 
scale, and the Sjögren’s International Collaborative Cli-
nical Alliance Ocular Staining Score(32-34). However, no 
consensus has been reached regarding a standardized 
grading system. Some recent studies have proposed 
deep learning-based grading systems(35). In this study, 
patients were classified using the Oxford scale, and no 
significant differences were observed between the most 
severe stages (Grades 4 and 5). This finding suggests that 
these stages could potentially be combined into a single 
category in future classification models.

A notable aspect of this study is its use of a new ques-
tionnaire specifically designed to assess pain sensitivity 
in DED. Several existing questionnaires, including the 
five-item Dry Eye Questionnaire (DEQ-5), OSDI, and the 
Standard Patient Evaluation of Eye Dryness questionnaire, 
are commonly used to evaluate DED symptoms(36-38). 

Figure 2. Pairwise comparisons of corneal sensitivity among study groups.

Statistical significance values for comparisons:
Grade 3 versus Grade 4: Central, superior, inferior, nasal, and temporal 
corneal sensitivity: p=0.003, 0.002, 0.001, 0.008, and 0.037, respectively.
Grade 4 versus Grade 5: Central, superior, inferior, nasal, and temporal 
corneal sensitivity: p=0.983, 0.817, 0.972, 0.731, and 0.477, respectively.
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However, these instruments incorporate both visual 
and ocular surface symptoms, potentially confounding 
results. In this study, the OSPS questionnaire-a modified 
version of the OSDI that excludes visual comfort-related 
questions-was employed. The strong correlation betwe-
en OSPS and OSDI scores suggests that OSPS may be a 
valuable tool for evaluating pain sensitivity in DED.

This study demonstrated that corneal sensitivity de-
creases in DED and is negatively correlated with disease 
severity, whereas subjective symptoms increase and are 
positively correlated with disease progression. The lack 
of statistically significant differences in symptom seve-
rity and corneal sensitivity reduction between the most 
advanced disease stages suggests a role for neuropathic 
mechanisms and subbasal nerve plexus deterioration in 
chronic and severe DED. Further molecular-level studies 
are needed to clarify these associations. A key limitation 
of this study is the absence of an assessment of partici-
pants’ conjunctival or general pain thresholds.
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