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ABSTRACT

BACKGROUND: This study aims to use laser flare photometry to evaluate flare changes in patients following corneal damage from 
a metallic foreign body (FB).

METHODS: Foreign body injured eyes and the healthy fellow eyes of 54 consecutive patients were studied in this comparative, ob-
servational, cross-sectional study. Flare levels were analyzed according to demographics, history of previous exposures, foreign body 
location, and foreign body penetration into the injured cornea.

RESULTS: The mean flare value was significantly higher for the eyes with corneal foreign body injury compared to the fellow-control 
eyes (11.35±14.17 ph/ms and 6.30±3.81 ph/ms, respectively) (p=0.014). The mean flare values were significantly lower in eyes with a 
history of more than one previous corneal foreign body removal flare values than in other eyes (p=0.029).

CONCLUSION: Flare is increased by corneal foreign body exposure. However, eyes that experience multiple previous corneal for-
eign body exposures may show relatively low flare, probably due to corneal desensitization.
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the anterior chamber.[3] Inflammation increases the amount 
of protein in the aqueous humor by promoting the deterio-
ration of the blood-aqueous barrier (BAB),[4] and the amount 
of protein can be subjectively evaluated using slit-lamp biomi-
croscopy.[5] Clinical scores by slit-lamp biomicroscopy range 
from +1 to +4 according to the SUN classification system;[6] 
however, this is a subjective method and is highly dependent 
on the experience of the physician.[7] A better method may 
be laser flare photometry, an automated technique that quan-
tifies the particulate matter and humoral water in the ante-
rior chamber.[8] Laser flare photometry, in particular, allows 
the detection of subclinical alterations in the blood-ocular 
barrier and identifies subtle pathological changes that slit-
lamp biomicroscopy cannot detect.[9]

  O R I G I N A L  A R T I C L E

INTRODUCTION

A non-penetrating but retained corneal foreign body (FB) is 
the most common, although inherently preventable, type of 
eye injury.[1] FB is a frequently occurring injury in construction 
and metal industry workers due to occupational accidents 
involving metallic FBs.[1] Corneal FBs may decrease the quality 
of vision by causing scars on the visual axis and by triggering 
secondary infections ranging from keratitis to endophthalmi-
tis.[2]

Under normal conditions, the anterior chamber of the eye is 
an optically empty space.[3] However, disruption of the blood-
ocular barriers leads to the leakage of serum proteins into 
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A correlation between clinical scoring according to SUN 
classification system and quantitative readings by flare pho-
tometry for uveitic eyes has previously been documented. 
For example, Konstantopoulou et al.[9] evaluated eyes with 
uveitis by having experienced physicians independently grade 
eyes according to the SUN classification, while at the same 
time obtaining flare values with a flare meter to compare flare 
based scoring. Flare photometry studies have also been used 
for specific ophthalmologic disorders, including glaucoma and 
uveitis, as well as in postoperative and posttraumatic cases.
[10] However, to our knowledge, no studies have yet evaluated 
the flare changes in eyes due to non-penetrating trauma with 
retained corneal FBs, although these injuries would be ex-
pected to generate subclinical and subtle changes in the flare 
detectable by flare meters.

The present study aims to evaluate flare following the break-
down of the BAB induced by non-penetrating ocular injury 
with retained metallic corneal FBs, focusing on patient age, 
lesion size, the distance of the FB from the limbus, and FB 
penetration depth.

MATERIALS AND METHODS

Flare values are known to increase with age.[11] Therefore, our 
inclusion criteria limited the patient ages to between 20 and 
40 years. Our evaluation included 54 injured eyes of 54 con-
secutive patients who were referred to our tertiary eye clinic 
for retained corneal FB removal during September 2017; the 
healthy fellow-eyes were evaluated as the control group. This 
study was approved by the institutional review board of the 
hospital in accordance with the tenets of the Declaration of 
Helsinki (2017/117). Informed consent was obtained from all 
individual participants in the study. This study was designed 
as a prospective, cross-sectional, observational study to 
compare the flare measurements of the affected versus the 
healthy fellow eyes.

At presentation, the patients were examined for best-cor-
rected visual acuity according to the standard decimal chart. 
Anterior and posterior segment examinations were per-
formed, including measurement of intraocular pressure (IOP). 
Demographic data were collected, including patient age, oc-
cupation, and the number of previous referrals of the affected 
eye for FB removal. All measurements were conducted after 
pupil dilatation (1% tropicamide). The healthy control fellow-
eyes were also evaluated clinically and by laser flare photom-
etry. Other collected data included the referral time from 
the injury, the size of the corneal FB and its distance to the 
limbus, as well as the penetration site into the cornea (ep-
ithelium, superficial stroma, or deep stroma) as recorded by 
biomicroscopy examination. 

The retained corneal FBs and rust were removed using a 
25-gauge needle under local anesthesia provided by topical 
proparacaine hydrochloride (Alcaine 0.5%, Alcon Laboratories 

Inc., Fort Worth, TX) until no residual rust staining was evi-
dent. The size of the corneal epithelial defect was measured 
in millimeters after the removal of the corneal FB. Topical an-
tibiotic treatment (Ofloxacin four times a day and Tobramycin 
ointment two times a day) was prescribed after the FB removal.

Seven measurements were recorded with the laser flare pho-
tometer (LFM, Kowa FM-700, Kowa Company Ltd., Tokyo, 
Japan) under a background scatter of <10% immediately after 
removal of the corneal FB. The lowest and highest readings 
were discarded, and the mean of the five remaining values 
was recorded according to the manufacturer’s guidelines. 
Measurements were deleted if they were selected by the 
machine’s error level setting as outliers. All patients were 
treated and assessed by the same examiner (O.S.). Measure-
ments were performed in a darkened room.

Exclusion criteria included any conditions that could affect 
the measurements of the KOWA FM-700 laser flare pho-
tometer, such as corneal scarring, residual rust rings, or 
incomplete foreign body removal at enrollment; a narrow 
anterior chamber; extensive posterior synechiae; mature 
cataract, hyphema, history of uveitis, vitreous hemorrhage, 
ocular surgery within the past three months, use of anti-glau-
coma drugs, or non-inflammatory posterior segment disor-
ders (i.e., diabetic retinopathy, retinal vein occlusion, retinitis 
pigmentosa, or choroidal melanoma).[8,12,13] No patients had 
infectious keratitis at the time of corneal FB removal.

Statistical Analysis
All data were analyzed using IBM SPSS Statistics for Win-
dows Version 21.0 (IBM Corp., Armonk, NY, US). Data were 
described as means and standard deviations (Mean±SD) and 
percentages. The distribution of the data was evaluated us-
ing the Kolmogorov-Smirnov test. The Mann-Whitney U 
and Kruskal-Wallis tests were used to analyze quantitative 
independent data. The Wilcoxon test was used to analyze 
the dependent quantitative data, and Spearman correlation 
analysis was used for correlation analysis. The effect level 
was assessed by univariate and multivariate logistic regression 
analysis. P-values less than 0.05 were considered statistically 
significant.

RESULTS

All 54 patients were male, and their mean age was 32.9±9.5 
years. The patient age and anterior chamber flare values 
showed no significant correlation (p=0.450). The occupa-
tions of the patients were metal grinding (30.2%), construc-
tion (22.6%), and electrical installation (11.3%). No statisti-
cally significant difference was noted for flare measurements 
among the patients in their distinct occupational groups. All 
injuries resulted from high-velocity metallic FB spinning off 
from cutting and chopping machines the patients had been us-
ing. The mean flare value was significantly higher for the eyes 
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with corneal FB than for the fellow control eyes (11.35±14.17 
vs. 6.30±3.81; p=0.014).

The mean diameter of the largest corneal FBs was 0.27±0.21 
(0.05–5.00) mm. A significant moderate correlation (r=0.320, 
p=0.021) was detected between the flare value and the size 
of the corneal FB (Fig. 1). Flare values according to the his-
tory of previous corneal FB removals are shown in Table 1. 
A statistically significant difference was noted between the 
mean flare values of the eyes with no previous removal, one 
previous removal, and multiple previous removals of corneal 

FBs (p=0.024). No significant difference was observed be-
tween the mean values of flare in the eyes with one previous 
removal and no previous removal of corneal FBs (p=0.375), 
whereas the value of the flare was significantly lower in 
eyes with multiple previous removals than in the other eyes 
(p=0.029) (Fig. 2). Notably, the age of the patients did not 
show any significant correlation with the number of prior 
corneal FB removals (p=0.330).

The mean distance between the corneal FB and limbus was 
2.97±1.55 (0.01–5.00) mm. No significant correlation was 
detected between the flare value and the limbal distance 
(p=0.793). Corneal FBs were located in the epithelium in 
24.5% of the patients, in the superficial stroma in 60.4%, and 
in the deep stroma in 15.1%, respectively. No significant dif-
ferences were found for the flare values among the eyes with 
deep stromal, superficial stromal, and epithelial corneal FB 
locations (p=0.089). 

Table 1. Flare values in relation to the number of previous 
foreign body removals

Number of previous n % ph/ms  p
corneal FB removals   (Mean±SD) 

None 21 52 13.4±17.2 0.024

1 9 23 14.6±14.6 

>1 10 25 5.5±2.2 

FB: Foreign body; SD: Standard deviation.

Table 2. Logistic regression analysis of parameters in differentiating between low and high flare values

Flare (Low [<8 ph/ms] vs High [≥8 ph/ms]) Univariate model Multivariate model

 OR (CI 95%) p  OR (CI 95%) p

Age 1.01 0.95–1.07 0.764   

Number of FB removals (≤1 vs >1) 0.37 0.17–0.84 0.017 0.39 0.17–0.87 0.022

Depth of corneal penetration 0.87 0.42–1.82 0.718   

Referral time 1.00 0.57–1.76 0.991   

Distance of FB to limbus (mm) 0.73 0.47–1.14 0.166   

Size of FB (mm) 36.7 1.4–960 0.031  58.4 1.5–2199 0.028

CI 95%: confidence interval 95%. OR: Odds ratio; FB: Foreign body; CI: Confidence interval.

Figure 1. Size of corneal foreign body and flare.
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Figure 2. Flare and number of previous removals.
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The corneal FB was removed within 12 hours in 15.1% of the 
patients, between 12 and 24 hours in 34%, between 24 and 
48 hours in 32.1%, and after 48 hours in 18.9%. The differ-
ences in flare values according to the referral time were not 
statistically significant (p=0.705). 

Table 2 shows the logistic regression analysis. The high vs. low 
values for flare showed significant effects in both the univari-
ate and multivariate models for the number of previous FB 
removals and the size of the FB (p<0.05).

DISCUSSION
Non-penetrating ocular injury from a retained corneal FB is 
among the most common reasons for referrals to the emer-
gency ophthalmology clinics in our country.[1] The male pre-
dominance in the patient demographics is related to the high 
proportion of injuries occurring in industrial work environ-
ments, as shown in this study. A retained metallic corneal FB 
is a common presentation at the ophthalmology emergency 
service and has the potential to cause ocular morbidity.[14,15] 
In the present study, we searched for the subtle inflammatory 
response evoked by the corneal FB and possible influencing 
factors. We found a significantly higher mean flare value in the 
eyes with the retained corneal FBs than in the healthy fellow 
eyes, and the flare level showed a moderate correlation with 
the size of the corneal FB. A statistically significant difference 
also existed between groups according to the previous his-
tory of corneal FB removal.

The objectivity and reproducibility of laser flare photometry 
have been documented repeatedly,[16] as the relationship be-
tween the SUN classification system and laser flare photom-
etry readings have been studied in numerous reports.[9,17] The 
clinical grading system for flare measurement was confirmed 
as quite subjective, whereas laser flare photometry allowed 
quantitative measurements and could discern even minute 
changes. Laser flare photometry values correlate well with 
the clinical flare grades based on slit-lamp examination; how-
ever, a wide range of laser flare photometry measurement 
values corresponding to specific clinical grades, with a notable 
overlap between grades.[18,19] In our study, the mean flare val-
ues induced by corneal FBs predominantly fell into the faint 
or moderate stages of flare, according to the SUN system. 

Changes in flare may actually indicate a significant alteration 
in disease activity or recovery of the blood-aqueous barrier. 
Laser flare photometric studies involve a broad range of 
clinical entities, from uveitis of all types to cataract surgery, 
corneal and refractive surgery, glaucoma, and retinal vascular 
disorders.[20] Lages et al.[21] reported 664 and 742 ph/ms val-
ues in two cases with endophthalmitis following intravitreal 
injection of anti-VEGF and proposed a cut of the level of >50 
ph/ms on day 3 to promote evaluation for endophthalmitis. 
Mean flare values were reported in the 300–500 ph/ms range 
in several other uveitis studies, while 10–40 ph/ms peak values 

were shown immediately after penetrating keratoplasty and 
corneal refractive procedures or in the acute phase of corneal 
graft rejection.[20,22] The flare values in our study appear par-
ticularly comparable to values reported in the keratoplasty 
and refractive studies mentioned above, which suggests that 
similar pathophysiological responses may be of concern. 

Damage to the epithelial integrity causes the release of some 
chemoattractants that attract polymorphonuclear leukocytes 
(PMNs) from the limbal vessels and tear film. PMNs then in-
vade the stroma to engulf and eliminate debris.[23] Because the 
corneal FBs were mostly removed within 48 hours, as shown 
in our study, we considered that the flare in this scenario was 
likely to be relevant to the early phase of inflammation. How-
ever, Rosenbaum et al.[24] evaluated the correlation of ocular 
deformation with BAB breakdown and showed that inflamma-
tion flared up as the deformation intensified. Therefore, the 
moderate correlation between flare and the size of corneal FB 
determined in the present study might indeed be attributable 
to the impact force leading to ocular deformation, which was 
indirectly related to the size of the corneal FBs. 

In this study, eyes with a history of multiple previous corneal 
FB removals also had a significantly lower mean flare level 
than the other eyes, which requires an explanation. We cau-
tiously attribute this finding to anterior chamber associated 
immune deviation (ACAID), which is a form of immune tol-
erance to alloantigens placed in the anterior chamber of the 
eye. ACAID downregulates the antigen-specific delayed-type 
hypersensitivity (DTH) response while promoting the pro-
duction of non-complement fixing antibodies and humoral 
immunity.[25] This process is related to F4/80+antigen pre-
senting cells (APC), which capture intraocular antigens, enter 
the bloodstream, and migrate to the marginal zone of the 
spleen, where their interactions with CD4+ T cells, γδT cells, 
B cells, and natural killer (NK) T cells result in the generation 
of two groups of antigen- specific regulatory T cells (Tregs): 
CD4+ CD25+ Tregs and CD8+ Tregs.[26] However, we can 
only speculate about the possibility of ACAID triggered by 
multiple exposures to metallic corneal FBs, given the scope 
of our study. To the best of our knowledge, no ophthalmic 
papers have mentioned this concept. In fact, following recur-
rent graft rejections characterized by DTH to donor alloanti-
gens and leukocytic cellular infiltration of the graft site, the 
host becomes more sensitized, and the time to rejection de-
creases.[27,28]

This study has some important limitations that should be rec-
ognized. One is that the evaluation of ocular inflammation 
was cross-sectional, for practical reasons. A longitudinal fol-
low-up may display the course of inflammation in detail and 
may indicate the timing of the peak response or accelerated 
phase. A second limitation is that “metallic” is a general def-
inition, and the variability in the exact chemical composition 
of the FB is highly likely to stimulate a variable inflammatory 
response.

Onur et al. Blood-aqueous barrier deterioration following retained metallic corneal foreign body: A laser flare photometric study

Ulus Travma Acil Cerrahi Derg, July 2020, Vol. 26, No. 4 571



In conclusion, this preliminary descriptive flare photometry 
study revealed that subtle intraocular inflammation might 
be evoked by metallic corneal FB exposure and might show 
some degree of variability. Further studies with metallic or 
non–metallic FB exposures are required to confirm or dis-
prove our findings and to verify the potential relevance to the 
clinical setting.
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OLGU SUNUMU

Lazer flare fotometri ile korneal yabancı cisim sonrası kan-aköz bariyerinde
bozulmanın gösterilmesi
Dr. İsmail Umut Onur, Dr. Sibel Zırtıloğlu, Dr. Ozan Sonbahar, Dr. Ercan Çavuşoğlu, Dr. Ulviye Yiğit 
Sağlık Bilimleri Üniversitesi, İstanbul Bakırköy Dr. Sadi Konuk Eğitim ve Araştırma Hastanesi, Göz Hastalıkları Kliniği, İstanbul

AMAÇ: Metalik yabancı cisim maruziyeti sonrası oluşan korneal yaralanmalarda lazer fotometri kullanarak ön kamara flare değişikliklerini değer-
lendirmek.
GEREÇ VE YÖNTEM: Bir gözünde yabancı cisim yaralanması olan 54 hastanın sağlıklı gözü karşılaştırmalı, gözlemsel ve kesitsel bir çalışmada ince-
lendi. Flaredeki değişkenlik demografik özellikler, önceki maruziyetlerin öyküsü, korneal yabancı cismin yaralı korneadaki yeri ve penetrasyonuna 
göre analiz edildi.
BULGULAR: Korneal yabancı cisim gelen gözlerde ortalama flaremetre değeri diğer kontrollere göre anlamlı derecede yüksekti (sırasıyla, 
11.35±14.17 ph/ms ve 6.30±3.81 ph/ms) (p=0.014). Daha önce birden fazla korneal yabancı cisim çıkarılması öyküsü olan gözlerde, flaremetrenin 
ortalama değeri diğerlerinden anlamlı derecede düşüktü (p=0.029).
TARTIŞMA: Korneanın yabancı cisme maruz kalmasıyla flare değeri artar. Bununla birlikte, daha önce birçok korneal yabancı cisme maruz kalma 
durumunda, flare değeri muhtemelen korneanın duyarsızlaştırılmasından dolayı nispeten düşük olabilir.
Anahtar sözcükler: Korneal yabancı cisim; lazer flare fotometri; ön kamara reaksiyonu.
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