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Purpose: To propose a new grading system for primary pterygia based on themorpho-
logical loss of vertical length of plica semilunaris (LPS).

Methods: We included 50 eyes from 41 patients with primary pterygium. LPS was
defined and quantified as the ratio of the length of loss of the normal vertical
morphology at plica semilunaris to the vertical corneal diameter using anterior-segment
photographs. Grades of tear metalloproteinase 9 (MMP-9) expression by point-of-care
immunoassay, which is a well-known biomarker for inflammation, was correlated with
the extent of LPS (%) of pterygia. Then, LPS was paralleled with the pre-established
grading systems on the basis of tissue translucency (i.e., T grade) and vascularity (i.e.,
V grade) of the pterygium body.

Results: MMP-9 grades was 2.39 ± 1.12 in the group with LPS ≥50% and was 1.56 ±
1.12 in the group with LPS <50% (P = 0.016). In a linear regression, the extent of LPS
was positively correlated with MMP-9 grades (r = 0.315, P = 0.026). MMP-9 expression
did not differ between T grades or V grades. The extents of LPS were well correlated
positively with both T grades (r = 0.495 and P < 0.001) and V grades (r = 0.344 and P =
0.015).

Conclusions:We devised a new grading system using LPS on the basis of morpholog-
ical loss of the normal vertical plica semilunaris in primary pterygia. The extent of LPS
correlated well with T grades and V grades and also reflected the expression of MMP-9
in tears.

Translational Relevance: The new clinical LPS grading system reflects severity and
MMP-9 expression in tears in primary pterygia.

Introduction

Pterygium is a common disease in the ocular
surface, characterized by triangle-shaped stromal
proliferation, prominent vascularization, and frequent
recurrence after excision.1 With improved understand-
ing of molecular mechanisms, the pathogenesis of
pterygium has been diversified into cellular prolifera-
tion,2 antiapoptosis,3 inflammation,4,5 immune activ-
ity,6 oxidative stress,7 extracellularmatrixmodulation,8
viral involvement,9,10 and inheritance.11 Above all, one
of the main factors leading to the development of
pterygium is widely considered to be cell proliferation
with pterygium viewed as a fibrotic disease.1,2

Pterygium stromal fibroblasts are largely respon-
sible for fibrovascular tissue proliferation.12 Previ-
ous studies revealed that the pathogenic mecha-
nisms including upregulated stromal cell-derived factor
1 expression,13 overexpression of angiogenin,14 and
tumor necrosis factor-alpha (α)–induced expression
of hypoxia-inducible factor-1α15 are involved in the
stromal fibroblasts of the pterygium body. These
suggest that the pterygiumbody and stromal fibroblasts
in that layer may have a significant role in the prolif-
eration of pterygia. Accordingly, Tan et al.16 stressed
estimating the amount of fibrovascular tissue by the
visibility of the underlying episcleral vessel to predict
the surgical outcome of primary and recurrent ptery-
gia. In addition, a previous study devised new grading
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system on the basis of the morphology of the lacrimal
caruncle and performed a sealing-the-gap technique at
the caruncle in patients with multirecurrent pterygia
with the flattened caruncle.17

Given that fibrovascular tissue is generally abundant
in the caruncle and semilunar fold, we hypothesized
that stromal fibroblasts of the active and progres-
sive pterygium may unfold the semilunar fold. Such a
morphological change at the plica semilunaris may be
more reliable in primary pterygia rather than in recur-
rent pterygia because the lacrimal caruncle and semilu-
nar fold of primary pterygium have not been surgi-
cally disturbed before. In this study, we first estimated
the loss of vertical length of plica semilunaris (LPS)
in primary pterygia. Then, LPS values were paralleled
with the grades according to pre-established grading
systems based on tissue translucency,16 and vascular-
ity14 of the pterygium body furthermore was correlated
with the tear metalloproteinase 9 (MMP-9), which
is a famous marker for inflammation level of ocular
surface,18,19 and its high level in pterygium fibroblasts
is involved in the progression of pterygia.20

Materials and Methods

This study was an observational cross-sectional
study, of which the whole process properly followed
the tenets of the Declaration of Helsinki. The medical
records were obtained through chart review. The study
was approved by the Chung-Ang University Hospital
Institutional Review Board.

Study Design

Our study design was outlined as follows:

• Estimation of LPS in the primary pterygia using
the anterior segment photographs
• Analysis of tear MMP-9 expression according to
the LPS values in primary pterygia
• Grading of the primary pterygia based on the new
grading system using LPS and the pre-established
grading system according to the translucency (i.e.,
T grading system) and the vascularity (i.e., V
grading system) at the pterygium body stroma
• Correlation between the new grading system using
LPS and the pre-established T or V grading system

Patients

Patients with primary pterygium at the nasal
conjunctiva who visited our institution betweenMarch
2019 and September 2020 and underwent tear MMP-9

test were included in this study. Patients who had been
diagnosed with systemic immunologic disease, dry eye
disease, or ocular surface diseases that may elevate the
level of tear MMP-9 including allergic conjunctivitis,
sterile corneal ulceration, keratoconus, and conjunc-
tivochalasis and who had applied topical steroid or
cyclosporine within the previous three months were
excluded. To exclude patients with dry eye disease in
the present study, it was defined according to DEWS
II criteria.21 First, dry eye disease was screened with
an ocular surface disease index questionnaire score ≥
13, which then was confirmed when patients fulfilled
one of the following: noninvasive tear break-up time
(BUT) <10 seconds, tear osmolarity ≥ 308 mOsm/L in
either eye or interocular difference> 8mOsm/L, ocular
surface staining > five corneal spots, > nine conjunc-
tival spots, or lid margin (≥2 mm length and ≥25%
width).Despite the fact that patientsmight havemeibo-
mian gland dysfunction (MGD), they were enrolled in
this study if they had not met the diagnostic criteria
for dry eye disease by DEWS II criteria. Patients with a
history of the contact lens wearing within the previous
three months and ocular surgery within the previous
six months were also excluded.

Estimation of LPS in Primary Pterygia

The morphological change of the normal verti-
cal plica semilunaris was identified with the aid of
standard photographs of negative loss, partial loss, and
complete loss of the normal vertical morphology of
plica semilunaris (Figs. 1A–1C). LPS was estimated
using digital photographs (magnification ×10) taken
by a slit lamp imaging system (Topcon, Tokyo, Japan)
during the lateral gaze with and without a yellow
barrier filter. The detailed steps are shown in Figures
1D and 1E. First, the corneoconjunctival limbus was
outlined with a circle in the photographs without
filter. Then, the corneal circle is moved to the same-
powered photographs with a yellow barrier filter. The
center point (index a) of the corneal circle and the
middle point (index b) at the lacrimal caruncle between
the upper and lower eyelid margin were marked in
the photographs with a yellow barrier. In cases with
complete flattening of the caruncle, the middle point
of the line that connects the upper and lower punctum
was considered as index b. The line (index c) between
those two points (i.e., indexes a and b) was created,
and the upper (index d) and lower (index e) tangent
lines to the circle that are parallel with the center
line (index c) were created. The distance that is paral-
lel with the normal vertical plica semilunaris between
the two tangent lines (indexes d and e) was marked
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Figure 1. Grading of primary pterygiumbased on the LPS. The standard photographs of the negative loss (A), partial loss (B) and complete
loss (C) of the normal vertical morphology of plica semilunaris. In high power photographs from rectangles in each A to C, the preserved
length of the vertical plica semilunaris is noted along to the black line in B and C. The representative photographs without (D) and with
yellow barrier filter (E) from an image in B to estimate a LPS value. The indexes a to g are landmarks that are required during the estimation
of LPS (E). The ratio of the length of the index g to the length of the index fwas defined as LPS.

with a line (index f) and was regarded as a “total
line,” which is the same as the vertical corneal diame-
ter. The loss of the normal morphology of the plica
semilunaris was identified as the disappearance of the
vertical line in a pool of fluorescein dye at the plica
semilunaris, was marked with a line (index g), and was
regarded as a “lost line.”The dragged plica semilunaris
rather than a normal vertical line was thought abnor-
mal and thus was incorporated into a “lost line.” The
length of a “total line” and a “lost line” (indexes f and
g, respectively) was measured using ImageJ software
(National Institutes of Health; http://rsbweb.nih.gov/
ij/); then a ratio (i.e., the ratio of the length of the
index g to the length of the index f) was defined
as LPS.

Grading of Pterygia on the Basis of the
Translucency and the Vascularity at the
Pterygium Body Stroma

All eyes with pterygia were graded according to the
two pre-established three-scale grading systems on the
basis of the translucency16 and vascularity14 of the
pterygium body stroma. Briefly, according to the T
grading system, T1 was defined as the pterygium of
which underlying episcleral vessels are clearly visible,
T2 was defined as one of which underlying episcleral
vessels are partially covered by the pterygium body,
and T3 was defined as one of which underlying the
episcleral vessels are completely covered by pterygium
body. Pterygia with V1, V2, and V3 are characterized

http://rsbweb.nih.gov/ij
/
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by unidirectional minimal vascularization, moder-
ate vascularization with unidirectional and enlarged
vessels, andmarked vascularization with unidirectional
and engorged vessels, respectively. Pterygia with T1 or
V1 grade were considered as mild cases at each grading
system.

Immunoassay of Tear MMP-9

The test for tear MMP-9 was performed with the
point-of-care MMP-9 immunoassay (InflammaDry;
Quidel, San Diego, CA, USA) according to the
manufacturer’s instructions for use.22,23 Brief, the
operator gently dabbed the sample collector in multi-
ple areas along the palpebral conjunctiva until the
sampling fleece was saturated with tears. Next, the
sample collector was assembled to the test cassette, and
then the test pad was dipped in a buffer solution for
20 seconds for activation. After 10 minutes, the red
test line in a readout window was read. Density evalu-
ation of the red test line was performed on the basis
of the five-scale grading system composed of grade 0
(i.e., negative), grade 1 (i.e., trace), grade 2 (i.e., weak
positive), grade 3 (i.e., positive), and grade 4 (i.e., strong
positive).24

Clinical Parameters for Ocular Surface
Disease

To test signs for dry eye disease, the clinical param-
eters including meibomian gland (MG) plugging,
quality of the secreted meibum, tear secretion using
Schirmer I without anesthesia, tear BUT, tear osmolar-
ity, and corneal sensitivity were evaluated. MG
plugging was graded into grade 0 (i.e., expressible in
all glands), grade 1 (i.e., expressible in three or four
glands), grade 2 (i.e., expressible in one or two glands),
and grade 3 (i.e., expressible in no glands) according
to the meibum expressibility from five glands of the
central upper lid as previously known.25 The quality of
the meibum secreted from the MG in the upper eyelid
by manual compression was graded into grade 0 (i.e.,
clear), grade 1 (i.e., cloudy fluid), grade 2 (i.e., cloudy
with debris) and grade 3 (i.e., toothpaste-like) as previ-
ously established.26,27 Tear secretion was assessed by
Schirmer I test, by applying Schirmer standard strip
(Eagle Vision, Memphis, TN, USA) on lateral lower
conjunctival sac for five minutes without analgesic
eyedrops. To measure tear BUT, a fluorescein strip
paper (Haag-Streit International, Koniz, Switzerland)
was moistened with normal saline solution and then
was gently touched in lower palpebral conjunctiva to
stain tear film. Post-blinking time until the first occur-

rence of a black spot with using cobalt blue filter
was considered as invasive tear BUT. Tear osmolar-
ity was measured using I-PEN (I-MED Pharma Inc.,
Montreal, Quebec, Canada) from tear at the lower
conjunctival fornix. Corneal sensitivity was measured
using Cochet-Bonnet esthesiometer (Luneau Ophthal-
mology, Chartres, France) at corneal center.

Data Analysis

SPSS software version 20.0 (SPSS, Inc., Chicago,
IL, USA) and the Prism software v.8.4.3 (GraphPad,
La Jolla, CA, USA) were used for the statistical tests.
To compare the means of the two groups, the data were
analyzed using the parametric two-tailed Student t-test
or nonparametric Mann–Whitney U test, depending
on the normal data distribution. The categorical analy-
sis between two grading systems was performed using
the χ2 test. The correlation between the two continu-
ous variables was analyzed using Pearson’s correlation
test with a linear regression. And then, all variables
that showed significant correlation with LPS values
according to a univariate linear regression analysis were
correlated with LPS values using multivariate linear
regression analysis. The data are expressed as mean
± standard deviation (SD), and the differences were
considered statistically significant at P < 0.05.

Results

Demographics and Clinical Parameters for
the Ocular Surface Disease

Totals of 50 eyes of 41 patients with primary ptery-
gia were included in this study. Among the total of 41
patients, male and female patients numbered 23 (56 %)
and 18 (44 %), respectively. The mean age of the
total patients was 64.0 ± 10.3 years (SD; range, 33
to 84 years). Twenty-three patients were male, and 18
patients were female. The grades for MG plugging and
meibum quality were 1.41 ± 0.50 and 1.52 ± 0.62,
respectively. Values of Schirmer I without anesthesia,
tear BUT, tear osmolarity, and the corneal sensitivity
were 10.38 ± 6.44 mm, 5.80 ± 2.02 sec., 315.0 ± 24.18
mOsm/L, and 5.80 ± 0.54 cm, respectively (Table 1).
The total enrollee was divided into two groups accord-
ing to the dichotomous grading of LPS with the 50%
cutoff extent. The sex ration, age, and values of clini-
cal parameters for the ocular surface disease includ-
ing grades for MG plugging and meibum quality,
Schirmer I without anesthesia, tear BUT, tear osmolar-
ity, and corneal sensitivity were not significantly differ-
ent between two groups (Table 1).
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Table 1. Demographics and Clinical Parameters for the Ocular Surface Disease According to the Dichotomous
Grading of the LPS in Primary Pterygia

Group

Variables Total LPS < 50% LPS ≥ 50% P Value

No. of patients/eyes 41/50 24/27 17/23
Extent of LPS (%) 49.9 ± 29.5 28.2 ± 18.0 75.5 ± 17.1 <0.001*

Demographics
Sex (male/female) 23/18 14/10 9/8 0.732
Age (y) 64.0 ± 10.3 63.3 ± 11.0 65.0 ± 9.5 0.615

Clinical parameters
MG expressibility (Gr) 1.41 ± 0.50 1.44 ± 0.51 1.37 ± 0.50 0.763
Meibum quality (Gr) 1.52 ± 0.62 1.52 ± 0.64 1.53 ± 0.61 0.967
Schirmer I without anesthesia (mm) 10.38 ± 6.44 9.52 ± 5.49 11.36 ± 7.38 0.461
Tear BUT (sec) 5.80 ± 2.02 6.22 ± 2.33 5.46 ± 1.75 0.412
Tear osmolarity (mOsm/L) 315.0 ± 24.18 322.1 ± 30.4 309.1 ± 16.4 0.234
Corneal sensitivity (cm) 5.80 ± 0.54 5.69 ± 0.72 5.92 ± 0.19 0.622
Gr, grade.
*P < 0.05.

Tear MMP-9 According to Various Grading
System in Primary Pterygia

The involvement of MMP-9 in the pathogenesis of
pterygium has been identified through several studies.
Previously, it was revealed that MMP-9 expression
by pterygium fibroblasts contributed of MMP-9 both
in the formation28 and progression of pterygium.20
Moreover, personal susceptibility to pterygium may be
determined by the genotypes at MMP-9.29 Recently,
a study reported that ultraviolet exposure, which is a
well-known culprit for the pathogenic factor of ptery-
gium, led to the dramatic upregulation of the gene
expression of MMP-9 in the corneal epithelial cells,
conjunctival fibroblast, and primary pterygium fibrob-
last cells.30 Accordingly, given that the semiquantita-
tive five-scale grading system of MMP-9 using a point-
of-care immunoassay kit is quite useful to clinically
evaluate patients status,24 we analyzed the tear MMP-
9 expression according to the extent of LPS, T and V
grading system. When cases were divided by dichoto-
mous grading using three kinds of grading system
(Extent of LPS: <50% vs. ≥50%; T grade: T1 vs. Non-
T1; V grade: V1 vs. Non-V1), only LPS with cutoff
value of 50% distinguished two groups with significant
difference of tear MMP-9. Tear MMP-9 grades (2.39
± 1.12) from LPS ≥ 50% group was higher than tear
MMP-9 grades (1.56±1.12) from LPS<50% group (P
= 0.016, Table 2). Tear MMP-9 grades were not differ-
ent between T1 group (1.67 ± 1.09) and non-T1 group
(2.19 ± 1.23, P = 0.118, Table 2) and were not differ-
ent between V1 group (1.93 ± 1.19) and non-V1 group

Table 2. Tear MMP-9 Expressions in Patients With
Primary Pterygia According to the Dichotomous
Grading of the LPS, Pterygium Body Translucency, and
Vascularity

Tear MMP-9

Grading System No. of Eyes Grade P Value

Extent of LPS
<50% 27 1.56 ± 1.12

0.016*≥50% 23 2.39 ± 1.12
Translucency (T grade)
T1 24 1.67 ± 1.09 0.118Non-T1 (T2 & T3) 26 2.19 ± 1.23

Vascularity (V grade)
V1 29 1.93 ± 1.19 0.951Non-V1 (V2 & V3) 21 1.95 ± 1.20
*P < 0.05.

(1.95 ± 1.20, P = 0.951, Table 2). Furthermore, the
extent of LPS and the grades of tear MMP-9 expres-
sion was positively correlated with significance (r =
0.315 and P = 0.026, Fig. 2).

Comparison Between a New LPS Grading
System and the Translucency- or
Vascularity-Based Grading System

Next, we investigated whether the new dichoto-
mous LPS grading systemmay evaluate primary ptery-
gia parallel with the translucency- or vascularity-based
grading system. According to the χ2 analysis, the



LPS Grading in Primary Pterygia TVST | July 2021 | Vol. 10 | No. 8 | Article 18 | 6

Figure 2. Scatterplots of tear MMP-9 grades according to the
extent of the LPS.

composition of T grades was significantly different
between in pterygia with LPS ≥ 50% and <50% (P =
0.005, Table 3). The proportion of T1 grade of ptery-
gium was 67% and 26 % in the LPS < 50% group and
in the LPS≥ 50% group, respectively, while the propor-
tion of T3 grade of pterygium was 0% and 17 % in the
LPS< 50% group and in the LPS≥ 50% group, respec-
tively (Table 3). The composition of V grades was not
distinguishable according to LPS grading system (P
= 0.133, Table 3). The extent of LPS was well corre-
lated positively with both T grades (r = 0.495 and P
< 0.001, Fig. 3A) and V grades (r = 0.344 and P =
0.015, Fig. 3B).

Through the univariate linear regression analysis, T
grades, V grades, and tear MMP-9 grades were found
to be positively correlated with the extent of LPS
(Table 4). To determine the difference of impart on
the extent of LPS among those three variables, multi-
variate linear regression was performed. Among only T
grades influenced the extent of LPS (β = 0.370 and P
= 0.013, Table 4). Tear MMP-9 grades showed equivo-
cal influence with marginal significance (β = 0.249 and
P = 0.052, Table 4).

Discussion

In this study, we proposed a grading system
using a newly devised LPS value to evaluate primary
nasal pterygia reflecting the tear MMP-9 expression.
Moreover, we correlated LPS with the pre-established
and well-known grading system on the basis of the
translucency of pterygiumbody.We identified that LPS
values are quite well correlated with T and V grades
and found that the more severe morphological loss of
the vertical plica semilunaris is significantly associated
with the higher expression of tear MMP-9.

Preservation of the morphology of caruncle and
semilunar fold has been stressed, especially in patients
with recurrent pterygium during the surgery.17,31,32
Hirst32 reported that the reconstruction of the semilu-
nar fold contributed to lower recurrence rate of recur-
rent pterygium surgery. In a similar vein, Kim et al.31
inserted a well-fitted, expanded polytetrafluoroethy-
lene sheet with minimum dead space to separate the
wound at the caruncle from the sclera, avoiding tissue-
to-tissue contact that might lead to cicatricial adhesion
formation.

Table 3. The χ2 Analysis of the Dichotomous Grading of the LPS and the Grading System Based on the Pterygium
Body Translucency and Vascularity in Primary Pterygia

Group

Grading System LPS < 50% LPS ≥ 50% Total P Value

Translucency (T grade) No. of eyes
T1 18 (67%) 6 (26%) 24 (48%)
T2 9 (33%) 13 (57%) 22 (44%) 0.005*

T3 0 (0%) 4 (17%) 4 (8%)
Total 27 23 50

Vascularity (V grade) No. of eyes
V1 19 (70%) 10 (44%) 29 (58%)
V2 7 (26%) 10 (44%) 17 (34%) 0.133
V3 1 (4%) 3 (12%) 4 (8%)
Total 27 23 50
*P < 0.05.
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Figure 3. Scatterplots of grades based on the pterygium body translucency (A) and vascularity (B) according to the extent of the LPS.

Table 4. Univariate and Multivariate Linear Regression Analysis Between the Extent of LPS in Primary Pterygia
and Variables Including Demographics, PterygiumGrading Systems, and Clinical Parameters for the Ocular Surface
Diseases

Extent of LPS (%)

Univariate Analysis Multivariate Analysis

Clinical Parameters Unstandardized B SE Standardized β P Value Unstandardized B SE Standardized β P Value

Demographics
Age 0.369 0.430 0.123 0.395 — — — —
Sex (female) 3.433 8.583 0.058 0.691 — — — —

Pterygium grading systems
T grade (Gr) 22.815 5.788 0.495 <0.001* 17.082 6.633 0.370 0.013*

V grade (Gr) 15.434 6.189 0.339 0.016* 7.252 6.441 0.159 0.266
Clinical parameters
Tear MMP-9 (Gr) 7.831 3.407 0.315 0.026* 6.196 3.109 0.249 0.052
MG expressibility (Gr) −14.406 8.854 −0.238 0.111 — — — —
Meibum quality (Gr) −0.008 7.282 <0.001 0.999 — — — —
Schirmer I without anesthesia (mm) 0.446 0.630 0.102 0.482 — — — —
Tear BUT (sec) 0.209 1.423 0.022 0.884 — — — —
Tear osmolarity (mOsm/L) 0.007 0.027 0.039 0.789 — — — —
Corneal sensitivity (cm) 2.521 11.052 0.048 0.822 — — — —

Gr, grade; SE, standard error.
*P < 0.05.

However, in a real clinical setting, the preopera-
tive evaluation for the vigorousness of pterygia is also
very important because this may affect determining the
time of surgery or selecting the surgical methods before
surgery. The grading of pterygia on the basis of the
pterygium body translucency has long been a standard
to predict pterygium recurrence.16 As another method
to grade, Liu et al.17 graded caruncle morphological
characteristics into C1, C2 and C3 in multirecurrent.
This C grading system correlated well with the preoper-

ative severity of diplopia and postoperative recurrence
of diplopia, furthermore, was useful to select sealing
the gap technique for the restoration of the caruncle
morphology and to lower the recurrence. Our study
shares the concept that values the normal morphology
at the area of caruncle and semilunar fold with a
study of Liu et al.17 However, unlike a previous study
that targeted recurrent pterygia, we included patients
with primary pterygia only. The development of
primary pterygium may be started from epithelial
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abnormalities where epithelial cells can obtain
characteristics of mesenchymal cells via epithelial-
mesenchymal transition (EMT) phenomenon as the
origins of pterygium fibroblasts.33 With viewing
primary pterygium as an ongoing disease with EMT,
we targeted primary pterygia only in this study.

The normal plica semilunaris is long and there is
always a vertical furrow line between caruncle and plica
semilunaris. So, we had observed partial or complete
low of the vertical line carefully in patients, then
we hypothesized that the loss of the normal vertical
morphology of plica semilunaris might be caused by
the bulging of the stromal tissue and stretching of
the overlying the conjunctival epithelium (see Supple-
mentary Fig. S1). Moreover, the bulged stromal tissue
might also have led to the decrease of light transmis-
sion to the sclera. Such a decrease of pterygium body
translucency reflects high correlation between LPS and
T grading system. According to our previous study, an
interactive action between stromal cell–derived factor
1 and chemokine receptor 4 contributed myofibroblast
transformation in severe pterygia with T3 grade.13 In
some cases in the present study, the loss of the plica
semilunaris accompanied the temporal dragging of the
furrow line. It is plausible that alpha-smooth muscle
actin secreted by myofibroblast in the pterygium body
stroma contributed to the shortening, tightening and
dragging between caruncle and plica semilunaris.

As is well known, the point-of-care immunoassay
of tear MMP-9 has been suggested as an excellent
indicator for inflammation in DED.18,34,35 It is very
easy to use, and it takes only a few minutes to get
results with clinical usefulness. Despite the relevance
of MMP enzyme in the pathogenesis of pterygia in
a few of studies previously,20,28,29 there has been no
study that used tearMMP-9 immunoassay kit to reflect
the inflammation in the ocular surface in patients with
pterygia. Tsai et al.28 revealed the expression of MMP-
9 and MMP-10 in the cytoplasm of pterygium epithe-
lium using the specimen. But Yang et al.20 reported
that mRNA expression of MMP-2 and MMP-9 in
pterygiumfibroblasts increased after the progression of
pterygium. Although the origin of MMP-9 is unclear
with only the immunoassay results of a tear MMP-9
kit, we speculate that both conjunctival epithelial cells
under a process of EMT and the accordingly trans-
formed pterygium fibroblasts may produce the MMP-
9. In addition, because LPS grading system seems to
represent the level of MMP-9 in tear better than the T
or V grading system, clinicians can get hints from the
extent of LPS regardless of whether anti-inflammatory
treatment such as topical steroids would be strongly
required before surgery when the immunoassay of tear
MMP-9 is not allowed.

Because the prevalence of pterygium generally
increases with age, MGD may be a common comor-
bidity with pterygium. We could exclude the effect of
MGD on the different expression of MMP-9 accord-
ing to the extent of LPS in pterygium in that MG
expressibility and meibum quality showed no relation-
ship with LPS grading. However, the comorbidity of
MGD should be considered when we interpret the
increased expression of tear MMP-9 in patients with
pterygium because MGD itself reveals the altered level
of MMP-9 in tear.36

Our study is limited in the fact that, because of its
use of semiquantitative immunoassay for tear MMP-
9 expression to correlated with the extent of LPS,
the small number of cases to establish a new grading
system. In addition, the strategies for preoperative
anti-inflammatory treatments and for selecting surgical
techniques according to LPS values need to be investi-
gated in subsequent studies. Nevertheless, our results
do carry clinical implications in that they provide
an easily applicable new grading method for primary
pterygia which may evaluate the progressive potency
represented by MMP-9 expression, also which corre-
late well with the well-known T grading system.
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