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Abstract

Purpose—To validate the Ocular Pain Assessment Survey (OPAS), specifically designed to 

measure ocular pain and quality of life for use by eye care practitioners and researchers.

Design—A single-center, cohort study was conducted in patients with and without corneal and 

ocular surface pain at initial and follow-up visits over a 6-month period. The content of the OPAS 

was guided by literature review, a body of experts, and incorporating conceptual frameworks from 

existing pain questionnaires. The Wong-Baker FACES® Pain Rating Scale served as the gold 

standard for measuring intensity of ocular pain.

Subjects—102 patients aged 18 to 80 years completed the OPAS at the initial visit. 21 patients 

were followed up post-treatment.

Methods and Statistical Analysis—Indices of validity and internal consistency (Spearman’s 

rank-order, rs, or Pearson’s correlation coefficients, rp), and coefficient of reliability (Cronbach’s 

α) were determined in addition to equivalence testing, exploratory factor analysis (EFA) and 

diagnostic analysis.
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Main outcome measures—Eye pain intensity was the primary outcome measure, while 

interference with quality of life (QoL), aggravating factors, associated factors, associated non-eye 

pain intensity and self-reported symptomatic relief were the secondary outcome measures.

Results—The OPAS had criterion validity at both initial (rs= 0.71, n= 102, P<0.01) and follow-

up visits (rs= 0.97, n= 21, P<0.01). Equivalence tests yielded OPAS and gold standard equivalence 

for both the initial and follow-up visits. EFA supported 6 sub-scales (eye pain intensity 24 h and 2 

weeks, non-eye pain intensity, quality of life, aggravating factors, and associated factors) 

confirming multi-dimensionality. Cronbach’s α >0.83 for all sub-scales established strong internal 

consistency, which correlated with the gold standard, including 24-hour eye pain intensity and 

QoL interference scores (rp = 0.81, 0.64, P< 0.001). At follow-up, reduction in pain scores was 

accompanied by improvement in all dimensions of the OPAS. Percent change in QoL correlated to 

percent change in the gold standard (rp = 0.53, P<0.05). The OPAS was sensitive (94%), specific 

(81%) and accurate (91%) with a diagnostic odds ratio greater than 50.

Conclusions—The OPAS is a valid, reliable and responsive tool with strong psychometric and 

diagnostic properties in the multi-dimensional quantification of corneal and ocular surface pain 

intensity, and quality of life.

Ocular pain is one of the chief complaints for which patients seek ophthalmic medical 

help.1–3 Ocular pain may be due to various etiologies ranging from infection, inflammation 

or trauma at the ocular surface, neuropathic pain, or inflammation of the posterior segment. 

The cornea is the most densely innervated organ of the body with 7,000 nociceptors/mm2.4 

These corneal nerves are vulnerable to damage from infections, inflammation, surgery, 

trauma, radiation and medications, both local and systemic. Ocular pain is associated with a 

significant decline in the quality of life and patients with corneal pain may suffer from 

anxiety, depression and suicidal ideation.5 Pharmacologic management of ocular pain and 

development of new therapeutic modalities are limited in part by a reliable and validated 

metric to measure ocular pain. Given the strong interest in spearheading the development of 

biologics to effectively reduce ocular pain, there is an eminent need for reliable metrics that 

can aid the physician in making an objective and accurate assessment of pain at baseline, 

and the therapeutic response both in terms of pain intensity and its impact on activities of 

daily life.6 While several validated questionnaires exist for quantification of symptom 

severity, visual function, and quality of life in patients with dry eye disease,7 such as the 

McMonnies dry eye questionnaire,8, 9 Ocular Surface Disease Index (OSDI) 

questionnaire,10 Standardized Patient Evaluation for Eye Dryness (SPEED) questionnaire,11 

Symptom Assessment in Dry Eye (SANDE) questionnaire,7,12,13 and the National Eye 

Institute Vision Function Questionnaire (NEI-VFQ),14,15 a quantitative, validated tool 

tailored to measuring ocular pain has yet to be developed. Currently, ophthalmologists and 

optometrists use general pain scales such as visual analog scales (VAS), numerical rating 

scales (NRS) and categorical scales that employ verbal descriptors or sub-scales from the 

above mentioned questionnaires.16–19 The Wong-Baker FACES® Pain Rating Scale, which 

was developed in the 1980s, has been used extensively in pain research and clinical practice 

including clinical trials.20–26 To date, there is one available method for specifically 

evaluating ocular discomfort: the Eye Sensation Scale.27 The Eye Sensation Scale is a 

validated questionnaire described by Caudle and colleagues in 2007 that grades sensations of 
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ocular discomfort, not necessarily pain, using a 5-category descriptive scale (excruciating, 

severe, moderate, mild, none),27 therefore it is not specific to ocular pain and does not 

provide a quantitative score that may be monitored.

In 2010, the National Eye Institute held a workshop on ocular pain and sensitivity, which 

concluded that there was need for a validated tool that could measure and quantify pain.5 

The workshop also emphasized that current eye pain questionnaires were yet to be 

validated.5 Furthermore, clinical trials in eye pain also necessitate validated outcome 

measures for eye pain. Given this demand among eye care practitioners, scientists and 

industry, we sought to develop and test the psychometric properties of a novel ocular pain 

questionnaire with numerical and quantifiable rating scales, the Ocular Pain Assessment 

Survey (OPAS), specifically designed to measure ocular pain intensity in patients with eye 

pain of any origin. In establishing criterion-related validity, a gold standard is chosen that is 

the currently best available diagnostic test or benchmark of the condition, which is why The 

Wong-Baker FACES® Pain Rating Scale was chosen. Moreover, we added dimensionality to 

the questionnaire by factoring in questions regarding quality of life (QoL), aggravating 

factors, associated factors and non-eye related pain, yielding a score for each dimension of 

the OPAS that may be tracked over the course of treatment. We demonstrate that in our study 

population comprising patients with and without corneal and ocular surface pain, the OPAS 

is a valid, reliable, internally consistent and responsive tool in quantifying and monitoring 

ocular pain intensity. The ocular pain intensity test scales are sensitive and specific for 

ocular pain with strong predictive values and high accuracy in correctly detecting ocular 

pain. The utility of the OPAS is bolstered by its multi-dimensionality, which offers 

quantitative assessment and tracking of other ocular pain-related parameters of possible 

interest, such as QoL, aggravating factors, associated factors and non-ocular pain.

METHODS

Study Design and Subjects

We conducted a prospective, single-center, study to test and validate the OPAS among 

patients presenting to the Cornea Service at the Massachusetts Eye and Ear Infirmary 

(MEEI), Boston, MA over a period of 6 months (2011) (Figure 1), with exemption provided 

by the Institutional Review Board (IRB) at MEEI. All methods described in our study 

adhered to the tenets of the Declaration of Helsinki and were in compliance with the Health 

Insurance Portability and Accountability Act (HIPAA). Based on IRB exemption, subjects 

completing the questionnaire were not required to provide informed consent to their 

participation and use of data, including publication of unidentifiable data. The sample size 

calculation showed that 90 subjects would provide 85% power with a null hypothesis 

correlation of 0.70, an alternative hypothesis correlation of 0.82, and a one-sided 5% alpha.

Over a course of 6 months, the OPAS was distributed to 288 English-speaking patients 

presenting to the Cornea Service (MEEI) both with and without complaints of ocular surface 

pain, aged 18–80 years, regardless of sex and race. Patients used the self-administration 

technique to respond to the questionnaire. 56 patients also completed the OPAS at their 

follow-up visits. Only patients who responded to the gold standard pain rating question (Qs. 

1) in addition to the test questions of the OPAS were included in the study, and those who 
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failed to respond to Qs. 1 were excluded. Consequently, 102 consecutive patients were 

included in the study, of which 21 also had a follow-up visit post-treatment. The remaining 

patients had failed to respond to the gold standard pain rating scale (Qs. 1), meeting the 

exclusion criterion for our validation studies. Following validation studies and factor 

analysis, the OPAS received minor revision in format while retaining questions in their 

original wording to generate its final version.

Questionnaire Design

We designed an initial 32-question, 8-domain, ocular pain questionnaire using numerical 

rating scales to assess eye pain intensity (worse eye) in the past 24 hours and 2 weeks 

(worst, least and average pain intensity), frequency of eye and non-eye pain (past 24 hours 

and 2 weeks), non-eye pain intensity (past 24 hours and 2 weeks), impact on QoL, pre-

occupation with eye and non-eye pain, aggravating factors, associated factors and 

symptomatic relief (Supplementary Figure 1; available at http://www.aao.journal.org). 

Questions on frequency of pain were included to allow assessment of discriminant validity 

of the OPAS since hypothetically, intensity of ocular pain should not demonstrate any 

observable relationship with the frequency of ocular pain. Each test question was scored on a 

scale of 0–10, or 0–100, with increments of 1 or 10 units, respectively.

The design of the OPAS drew upon relevant features of some of the currently available 

validated systemic pain questionnaires, such as the McGill pain questionnaire, Brief Pain 

Inventory (BPI), and a local qualitative eye pain questionnaire, the Boston Foundation for 

Sight (BFS) Eye Pain Index (not validated), further incorporating ocular pain-specific 

questions recommended by a body of expert ophthalmologists (PH, RD). For the purpose of 

validation and reliability studies, we incorporated the established and widely used Wong-

Baker FACES® Pain Rating Scale,21–26 as a gold standard method for measuring ocular 

pain intensity.

Statistical Analysis

All statistical analyses were performed using the Statistical Analysis Software (SAS version 

9.4, North Carolina, USA).

(a) Reliability and Internal Consistency—Reliability and internal consistency of the 

OPAS were assessed using Cronbach’s α and Spearman’s rank (rs) or Pearson’s (rp) 

correlation coefficients.

(b) Validity and Exploratory Factor Analysis—Face validity was determined by the 

body of ophthalmologists, research personnel and statistician developing the OPAS; 

response rates for all test questions were reviewed to determine any poorly designed 

questions and provide a measure of linguistic validity28; criterion-related (external) validity 

of the OPAS was assessed by equivalence testing with an equivalence bound of ±0.75 

against the gold standard pain intensity scale score, the Wong-Baker FACES® Pain Rating 

Scale, and correlations (rs, rp) between the gold-standard Wong-Baker FACES® Pain Rating 

Scale scores and test question scores from the initial visit.
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An exploratory factor analysis (EFA) was performed to determine the factors (dimensions) 

being measured by the OPAS and to identify any questions that would not load well onto any 

factors within the OPAS. Questions that loaded highly onto the same factors were 

aggregated and a mean composite score was generated for each of those factors (dimensions) 

for further analysis (Supplementary Figure 2; available at http://www.aao.journal.org).

(c) Responsiveness and Longitudinal Validity—Post-treatment follow-up composite 

scores for each dimension were used to establish responsiveness and longitudinal validity of 

the OPAS, both of which are critical properties of a questionnaire in clinical trials. 

Composite scores for each dimension of the OPAS were calculated as the mean score of its 

constituent scales (Supplementary Figure 2; available at http://www.aao.journal.org). 

Responsiveness was measured by the change in mean (composite) scores between the initial 

and follow-up visits using the gold standard Wong-Baker FACES® Pain Rating Scale and 

each dimension of the OPAS. Longitudinal validity was measured by the strength of 

correlation of changes in pain intensity scores between the gold standard Wong-Baker 

FACES® Pain Rating Scale and the 24-hour ocular pain intensity scale.

(a) Diagnostic Analysis—Detailed diagnostic analysis of the 24-hour ocular pain factor 

was established by assessing its sensitivity, specificity, accuracy, predictive values and 

likelihood ratios. Data were dichotomized into the presence or absence of ocular pain using 

the gold standard Wong-Baker FACES® Pain Rating Scale (0 = pain absent, >0 = pain 

present),29 and the composite 24-hour ocular pain intensity scores. Responses to the gold 

standard Wong-Baker FACES® Pain Rating Scale were used to calculate prevalence of 

ocular pain in this study cohort.

RESULTS

Demographics

288 subjects completed at least one item of the OPAS, of which 102 subjects (mean age 

48.9±15.7 years, age range 18–80 years) were included in the study at the initial visit based 

on meeting the minimum requirement of filling both the gold standard pain scale (Qs. 1) and 

at least one of the test pain scales (Qs. 5–10). 56 subjects also had a follow-up visit, at which 

time the OPAS was self-administered again; 21 subjects (mean age 46.1±17.2 years, age 

range 23–80 years) successfully met the criteria for inclusion. The etiology of corneal and 

ocular surface pain included infectious and non-infectious keratitis, corneal ulcers, dry eye 

disease, ocular graft-versus-host disease, allergic conjunctivitis, keratoconus and refractive 

surgery. The pain intensity scores among patients with eye pain at the initial visit as 

measured by the gold standard and 24hour eye pain intensity test scale (composite score) 

were 3.48±2.27 (n=81) and 3.23±2.05 (n=80, P=0.48), respectively.

Face Validity and Exploratory Factor Analysis

The group of ophthalmologists, research personnel and study statistician determined that the 

OPAS had face validity considering the layout, and structure of the OPAS. Based on the 

response rates for each question, questions of poor design with lower response rates, and 

consequently poor linguistic validity, were eliminated from the final questionnaire 
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(Supplementary Tables 1 and 2; available at http://www.aao.journal.org). Therefore, the 4 

questions on the frequency of pain were removed from the final questionnaire. Response 

rates were high (81.4% to 100%) for all questions of the OPAS covering eye and non-eye 

pain intensity, quality of life, aggravating factors, associated symptoms and preoccupation 

with pain (Supplementary Tables 1 and 2; available at http://www.aao.journal.org) 

suggesting that components of the OPAS were linguistically valid. From among the 

questions regarding self-reported symptomatic relief at the follow-up visit, the question on 

ocular pain had a better response rate (90.5%) than its non-ocular pain counterpart (61.9% of 

subjects responded to this question) (Supplementary Table 2; available at http://

www.aao.journal.org).

EFA identified that indeed the OPAS was multi-dimensional and grouped the questions into 

6 distinct factors (dimensions, Figure 2). An additional factor emerged that grouped all non-

eye pain related questions under one factor. Furthermore, EFA revealed that the 2 questions 

on symptom relief did not load highly onto any of the identified factors. The authors decided 

that these two questions (Qs. 27 and 28, Figure 2) would be retained since they provided 

useful patient self-reported information that could be analyzed separately as needed, in 

particular for follow-up visits. Hence, the revised OPAS comprised of 6 identified factors 

making it a multidimensional assessment tool: 1. Eye pain intensity in the past 24 hours, 2. 

Eye pain intensity in the past 2 weeks, 3. Non-eye pain questions, 4. QoL, 5. Aggravating 

factors, and 6. Associated symptoms. Each factor generated a composite score based on the 

mean of its constituent scale scores as shown in (Supplementary Figure 2; available at http://

www.aao.journal.org). Therefore, each patient had 6 scores, one for each factor, which may 

be tracked over time.

Criterion Validity and Equivalence Test

Criterion-Related Validity—The Wong-Baker FACES® Pain Rating Scale (gold standard 

pain intensity scale) used to measure eye pain intensity showed good to very good 

correlation with all test ocular pain intensity questions at both initial and follow-up visits, 

demonstrating criterion validity of these pain intensity questions (Table 1). Furthermore, the 

observed correlation between the 24 hour ocular pain intensity dimension and the gold 

standard was r= 0.81 (Table 2), significantly greater than the null hypothesis correlation of 

r= 0.70 in the design (P= 0.01).

Non-ocular pain intensity questions had lower correlations (rs= 0.37, 0.48, P<0.001) in 

support of the premise that the non-ocular pain questions in fact do measure pain of another 

origin.

Discriminant Validity—The OPAS exhibited discriminant validity (Table 2) by the lesser 

correlation between the Wong-Baker FACES® Pain Rating Scale (gold standard pain 

intensity scale) and test questions for both ocular and non-ocular pain. Questions under all 

other dimensions of the OPAS showed mild to good criterion validity (Table 2) confirming 

that while the dimensions were not direct measures of ocular pain intensity, they were 

related to ocular pain intensity to varying degrees. This further supported discriminant 
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validity of the OPAS through lower correlation coefficients for non-pain intensity questions 

(Table 2) as compared to pain intensity-specific questions (Table 1).

In addition to scores from individual questions, composite scores from each of the 6 

dimensions of the OPAS also yielded similar results for convergent and discriminant validity 

(Table 3).

Equivalence testing—Equivalence testing with an equivalence bound of ±0.75 enabled 

us to conclude that the gold standard pain intensity and the test 24-hour average ocular pain 

intensity scores were equivalent at both the initial (95% CI around the mean difference 

−0.06, 0.65) and follow-up visits (95% CI around the mean difference −0.49, 0.06).

Reliability and Internal Consistency

All dimensions of the OPAS had good to excellent reliability (Table 4) with Cronbach’s α 
greater than or equal to 0.83. Questions within the ocular pain intensity and QoL dimensions 

displayed strong internal consistency, with good to excellent correlations between scores of 

the questions and the mean (composite) score for the dimension (Table 5). Likewise, the 

other dimensions of the OPAS: aggravating factors, associated symptoms and non-ocular 

pain, were also internally consistent with correlation coefficients (rp ) ranging from 0.92–

0.94, 0.80–0.84 and 0.57–0.90 (all P<0.0001), respectively.

Responsiveness and Longitudinal Validity

To assess responsiveness of the OPAS, pre- and post-treatment composite scores of 21 

subjects were monitored and reviewed for the gold standard pain rating scale and each 

dimension of the OPAS. Follow-up composite scores reflected an improvement in every 

dimension of the OPAS following reduction in ocular pain intensity (Figure 3A): Wong-

Baker FACES® Pain Rating Scale (initial visit: 3.83±2.63, follow-up visit: 2.45±2.80, Δ= 

−1.38±2.42, n= 21), 24h–ocular pain intensity (initial visit: 3.34±2.48, follow-up visit: 

2.83±2.84, Δ= −0.57±2.01, n= 21), interference in quality of life (initial visit: 5.10±3.47, 

follow-up visit: 4.45±3.65, Δ= −0.65±2.06, n= 21), impact of aggravating factors (initial 

visit: 3.95±2.90, follow-up visit: 3.43±2.92, Δ= −0.52±2.67, n=21), accompanying 

associated symptoms (initial visit: 6.58±3.00, follow-up visit: 5.92±3.09, Δ= −0.67±2.42, 

n=19) and non-ocular pain (initial visit: 2.51±2.23, follow-up visit: 2.11±2.52, Δ= 

−0.39±2.73, n=21). In addition to composite scores for each dimension of the OPAS (Figure 

3A), detailed deconstructed information was also available for constituents of each 

dimension (Figure 3B) displaying the pattern of responsiveness within the dimensions of 

quality of life and associated symptoms. With an average 36.0% reduction in ocular pain 

intensity as measured by the Wong-Baker FACES® Pain Rating Scale, the test scale 24-hour 

ocular pain intensity scores improved by 16.8% on average with concomitant 12.8% 

improvement on average in QoL most notably seen in the subjects’ preoccupation with eye 

pain (19.1%), mood (17.5%), ability to drive and watch television (17.4%), ease of reading 

and using the computer (16.10%) and relationships with people around them (10.4%). 

Furthermore, with reduction in ocular pain, subjects also reported less aggravation of 

symptoms by mechanical factors (22.1%) and fewer associated symptoms of light sensitivity 

(11.7%) and tearing (11.5%). There was direct correlation between the percent changes in 
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24-hour ocular pain intensity and quality of life scores (rp = 0.63, n= 17, P= 0.007). These 

results quantitatively elucidate the relationship of ocular surface pain with activities of daily 

life using the OPAS.

Longitudinal validity of the 24-hour ocular pain intensity scale was confirmed by a highly 

significant correlation of mean change in scores between the 24-hour ocular pain intensity 

scale and the Wong-Baker FACES® Pain Rating Scale (rs= 0.69, P= 0.0006, n= 21).

Sensitivity, Specificity, Likelihood Ratios, Predictive Values, Accuracy

Given that ocular pain intensity was the primary outcome measure of the OPAS, it was 

necessary to establish the diagnostic utility of this tool. We determined diagnostic properties 

of the ocular pain intensity (24-hour) dimension of the OPAS and adjusted for the prevalence 

of ocular pain in our study population (79.4%). Table 6 summarizes these properties and 

demonstrates that the 24-hour ocular pain intensity scale of the OPAS is highly sensitive 

(93.8%), specific (80.9%), and accurate (91.2%) in detecting patients with ocular pain. 

Prevalence-independent diagnostic variables such as diagnostic odds ratio (DOR>50), and 

positive likelihood ratio (LR+ >10) supported the clinical usefulness of the OPAS in 

detecting ocular pain.30

DISCUSSION

In this paper we present a quantitative ocular pain-specific questionnaire that is valid, 

reliable, responsive, multi-dimensional, and can accurately detect and assess ocular pain. 

The OPAS offers both composite and individual scores for each of its 6 dimensions that can 

be calculated at baseline and monitored over the course of treatment of ocular pain. This 

feature of the OPAS is particularly novel and of importance, as it not only allows monitoring 

ocular pain intensity, which may be a measure of disease severity, but also its impact on 

related dimensions such as quality of life, aggravating factors and associated symptoms. We 

tested the OPAS in patients that presented to the cornea clinic; the pain patients in our study 

had corneal and ocular surface pain resulting from keratitis, corneal ulcers, dry eye disease, 

conjunctivitis, keratoconus and refractive surgery. The 24-hour ocular pain intensity 

dimension was valid, reliable, internally consistent and responsive to treatment, which 

correlated with the response in the current gold standard pain intensity score. It also 

exhibited sensitivity, specificity, and accuracy in detecting ocular pain with high likelihood 

ratios and predictive values, further adding diagnostic utility to the OPAS. These features of 

the ocular pain intensity dimension of the OPAS make it a highly versatile tool for both 

clinical practice and clinical trials alike, where objective metrics of ocular pain assessment 

have been an unmet demand. However, it is important to note that predictive values of the 

OPAS in our study are specific to the prevalence of ocular pain at a given point in time; the 

prevalence of corneal and ocular surface pain is likely to vary between time points even 

within the same center.

An interesting and potentially insightful aspect of the OPAS is its non-ocular pain 

dimension. Pain and discomfort associated with dry eye disease is accompanied by affective 

disorders such as anxiety and major depression,31–33 which can manifest as non-ocular pain 

such as headaches and body aches. Furthermore, patients with dry eye disease also have high 
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pain sensitivity and low pain tolerance to non-ocular stimuli.34 It is this rationale that led us 

to incorporate a domain on non-ocular pain, measuring both intensity and pre-occupation 

with pain. Recently, Galor and colleagues showed that non-ocular pain not only correlated 

with dry eye symptoms but also attributed to its variability,35 making it an important 

component to measure and investigate in future dry eye studies. Here we demonstrate that 

the OPAS provides a reliable and responsive tool, with which we can quantify non-ocular 

pain intensity.

In the context of ocular pain and its impact on quality of life and non-ocular pain, we 

observed that ocular pain intensity significantly correlated with both an impact on quality of 

life, and non-ocular pain. Moreover, with improvement in acute ocular pain intensity there 

was concomitant improvement in both QoL, and non-ocular pain. One of the benefits of the 

OPAS is that each dimension can be further deconstructed into its constituent scales to 

generate more in-depth trends if deemed necessary. For example, within the QoL dimension, 

we noted that some of its sub-scales showed greater improvement. In particular, 

improvement in scores was seen in the time spent thinking about eye pain, mood, the ability 

to drive and watch TV, as well as reading or using the computer. We therefore also 

quantified the relationship between corneal pain and quality of life using a validated ocular-

pain specific tool. Thus, the OPAS may have relevance to clinical trials that seek meaningful 

endpoints both in terms of pain intensity and its translational impact on activities of daily 

life.

Of particular interest to corneal pain neurobiology will be the dimensions on aggravating 

factors and associated symptoms. Sensory nerves of the cornea are classified based on the 

stimuli that activate their nerve endings; 70% of corneal sensory nerves have polymodal 

receptors and as the name suggests, these nerves respond to mechanical, heat and chemical 

stimuli; cold receptors are found on 10–15% of corneal sensory nerves that respond to tear 

film evaporation and cold air; mechano-nociceptors are present on 20% of all sensory nerve 

endings and they fire in response to mechanical contact.36–38 Therefore, by determining 

which sub-scales of the aggravating factors dimension are affected the most (mechanical vs. 

chemical), it may lend some clue to the type of nociceptors and signaling pathways involved. 

Most ocular pain patients complain of light sensitivity or photoallodynia.39 It has been 

shown that light-induced trigeminal sensitization can induce photoallodynia.40 Therefore it 

is plausible that the previously sensitized corneal sensory nerve endings of corneal pain 

patients are more vulnerable to light-induced sensitization leading to photoallodynia 

associated with corneal pain or corneal neuropathy. Consequently, as the pain subsides and 

the nerve endings de-sensitize, they become less vulnerable to light-sensitization as well, 

experienced as reduced photoallodynia. In keeping with this theory, we observed that with 

improvement in ocular pain intensity, there was an accompanying reduction in sensitivity to 

light. Sensitivity to light saw the most pronounced change among the associated symptoms 

in response to improved corneal pain.

When assessing patients with corneal pain, it becomes necessary to differentiate 

physiological nociceptive ocular pain from neuropathic ocular pain, as the trajectory of 

management and nature of treatment (local vs. systemic) varies greatly between the two 

subsets of ocular surface pain.41–44 Pain is a physiologic, protective response of the nervous 
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system to a noxious stimulus. However, in some cases due to maladaptive pain responses 

and neuroplasticity, there is peripheral or central sensitization of the nociceptive pathways 

leading to neuropathic pain, which is chronic, unexplained by signs or history, and 

accompanied by one or more of the following features: hyperalgesia, allodynia, spontaneous 

pain, dysesthesia, burning, and irritation.45–48 Given the importance of distinguishing 

neuropathic pain from physiological nociceptive pain, numerous questionnaires have been 

developed and validated to screen for non-ocular neuropathic pain: Neuropathic Pain 

Symptom Inventory, NPSI;49–52 Leeds Assessment of Neuropathic Symptoms and Signs, 

LANSS;53–56 Neuropathic Pain Questionnaire, NPQ; DN4 Pain;57–61 painDETECT;62–67 

and ID Pain.68–70 Subtypes of neuropathic pain can also be detected using the modified 

Neuropathic Pain Symptom Inventory in German, NPSI-G.71 Recently, seve ghlighted the 

role of neuropathic pain in patients with chronic dry eye-like pain.42,43,72 Therefore, there is 

considerable interest and benefit to developing and validating a questionnaire specifically for 

screening neuropathic ocular pain. The OPAS may be used as a tool to quantify pain 

intensity, measure the impact of pain on affect and activities of daily life (quality of life), 

and provide a quantitative metric to track symptom relief among patients with neuropathic 

ocular pain.

This study has some limitations: first, the study pain population only comprised of patients 

with corneal pain, making it a necessary next step to test and validate the OPAS in other 

conditions with other causes of ocular pain such as glaucoma and uveitis; second, diagnostic 

properties such as the predictive values are dependent on prevalence of disease and will most 

likely differ between populations based on the prevalence of ocular pain; third, we 

performed exploratory factor analysis since our goal was to identify the structure of the 

OPAS without making assumptions a priori. Therefore, future studies will need to perform 

confirmatory factor analysis to establish whether or not the OPAS remains multi-

dimensional when tested in other disease groups as well.

In conclusion, the availability of a validated and ocular pain-specific quantitative 

questionnaire that also allows objective measurement of pain and quality of life may spur 

clinical trials in ocular pain drug development. Clinicians may now be better equipped to 

quantify and monitor ocular pain with the aid of pain scores to guide patient-centered 

treatment strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study design algorithm
Flow of the steps taken toward designing and validating the Ocular Pain Assessment Survey 

(OPAS). MEEI: Massachusetts Eye and Ear Infirmary, Boston, MA, USA.
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Figure 2. Final design of the Ocular Pain Assessment Survey (OPAS) following factor analysis 
and validation studies
The boxed regions represent the gold standard method of quantifying pain intensity (Wong-

Baker FACES Pain Rating Scale) against which the test numerical rating scales were 

validated, and the 6 factors (dimensions) of the OPAS comprising of test sub-scales that 

loaded onto each of the factors. Scores for each of the sub-scales were then followed as 

mean composite scores for each of the 6 factors, and monitored individually over time, 

generating both holistic and nuanced information. Symptomatic relief (Qs. 27 and 28) did 

not load onto any factors but was retained based on the physicians’ agreement that it formed 

an important question, which could be analyzed separately if needed.
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Figure 3. Responsiveness of the OPAS
Dimension scores from the first follow-up visit post-treatment (n=21) were analyzed for 

determining responsiveness of the OPAS. Percent changes in mean scores showed that (A) 

there was reduction in eye pain intensity as measured by the gold standard (Gold Std) pain 

intensity scale (the Wong-Baker FACES® Pain Rating Scale) with improvement in all 

dimensions of the OPAS seen by concurrent reduction in mean dimension scores for eye 

pain intensity (past 24 hours), impact on quality of life (QoL), aggravating factors, 

associated symptoms and non-eye pain. (B) Detailed information was also retrieved by 

reviewing scores from individual test questions within each dimension. Within the 

dimensions of QoL and associated symptoms, sub-scale information regarding varying 

degrees of improvement in specific activities of daily life and eye-pain associated symptoms 
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were also seen with reduction in eye pain intensity. Therefore, the OPAS in its entirety is 

responsive to changes across all dimensions.
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Table 4

Reliability of the Ocular Pain Assessment Survey (OPAS).

Dimension of the OPAS Cronbach’s α

Ocular pain intensity (past 24h) 0.88

Ocular pain intensity (past 2 weeks) 0.91

Interference with quality of life 0.95

Aggravating factors 0.84

Associated symptoms 0.83

Non-ocular pain 0.84

All dimensions of the OPAS had good to excellent reliability with Cronbach’s α ranging from 0.83 to 0.95.
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Table 6

Diagnostic properties of the Ocular Pain Assessment Survey (OPAS) for measuring ocular pain intensity.

95% Confide nce Interval

Lower limit Upper limit

Prevalence 0.79 0.70 0.87

Sensitivity 0.94 0.86 0.98

Specificity 0.81 0.57 0.94

PPV 0.95 0.87 0.98

NPV 0.77 0.54 0.91

^LR+ 19 7.30 49.45

^LR- 0.29 0.13 0.65

DOR 64.59

Accuracy 0.91

The prevalence of ocular pain in the study population was 79%. The OPAS was 94% sensitive, 81% specific and 91% accurate in measuring ocular 
pain intensity as compared to the gold standard pain rating scale. The OPAS had high positive and negative predictive values (PPV, NPV), high 
positive likelihood ratio (LR+ >10), a lower negative likelihood ratio (LR-) and a diagnostic odds ratio (DOR= LR+/LR-) greater than 50 

suggesting that the OPAS was a valuable test for measuring ocular pain intensity.30
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