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Reticular fibers are one of the three major components 
of the extracellular fibrous matrix in the human body. Unlike 
collagen and elastic fibers [1], reticular fibers have been 
poorly studied and have received limited attention in the field 
of ophthalmology.

These fibers consist of fine fibrils (<20 μm in diameter) 
that form extensive networks and structural frameworks in 
soft tissues [1]. Composed primarily of type III collagen, 
reticular fibers differ from the more abundant type I collagen 
fibers [1]. They do not stain with hematoxylin and eosin 
or Masson’s trichrome but are distinctly visualized using 
silver impregnation techniques [1,2]. Degenerative changes 
in reticular fibers are commonly observed with aging [3]. 
Reticular and collagen fibers are continuous with one another, 
exchanging fibrils to form an integrated network [1].

Despite this continuity, reticular and collagen fibers 
differ in several structural and functional aspects [1]. Fresh 
collagen fibers vary widely in thickness (1–100 μm), typically 

exhibit a wavy and nonbranching appearance, and form 
bundles of closely packed fibrils [1]. Proteoglycan filaments 
connect adjacent collagen fibrils, regulate their spacing, and 
stabilize their bundling, contributing to the tissue-specific 
organization of collagen [1].

Reticular fibers exhibit variable malleability, allowing 
them to maintain f lexibility under pressure f luctuations 
[4]. In contrast, collagen fibers possess greater mechanical 
strength but lower malleability, making them less adaptable 
to such changes [4].

Pathologic myopia is characterized by abnormal ocular 
morphology, including excessive axial elongation and the 
formation of posterior staphylomas [5]. Although several 
morphologic subtypes of posterior staphyloma have been 
reported [5–7], only a few histologic studies have investigated 
its pathogenesis [8–10], and these have focused exclusively on 
collagen fibers, without examining reticular fibers.

Axial elongation in myopia is associated with remodeling 
of the scleral connective tissue [11], involving changes in 
collagen fiber alignment, reduced collagen content, and alter-
ations in extracellular matrix composition, ultimately leading 
to decreased mechanical stiffness of the sclera [11]. Notably, 
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reticular fibers transiently increase and are subsequently 
replaced by collagen fibers during the early inflammatory 
phase of wound healing [12]. The purpose of the present study 
was to demonstrate the distribution of reticular fibers in the 
human sclera to gain insights into the potential pathology of 
pathologic myopia and posterior staphyloma.

METHODS

Central sagittal sections of 13 globes (6 right, 7 left), including 
the sclera, were obtained from 12 East Asian cadavers aged 
38–94 years (mean age: 74.9 years). Specimens were fixed in 
10% formalin for histologic examination.

The procedures for harvesting and preparing the samples 
were as follows. First, the tissue from the skin to the peri-
osteum was circumferentially incised approximately 5 mm 
beyond the orbital aperture using a No. 15 surgical blade. A 

raspatory was used to detach the periosteum, and the peri-
orbita was carefully separated toward the orbital apex. The 
nerves, blood vessels, and nasolacrimal duct passing through 
the orbital wall were transected. After removal of the lateral 
orbital wall to a depth of approximately 3 cm from the orbital 
rim, the orbital contents were dissected with a No. 11 surgical 
blade parallel to the coronal plane. The specimens were then 
sagittally sectioned at the midpoint of the horizontal eyelid 
fissure to include the central globe, using a sharp razor on 
a hard plate. Sections were processed, paraffin-embedded, 
and cut into 6-μm slices for microscopic analysis. Reticular 
fibers were stained using the Reticulum II Staining Kit on a 
BenchMark Special Stains instrument (Roche Diagnostics, 
Pleasanton, CA). This kit is a modified version of Gordon 
and Sweet’s stain [13].

Microscopic images were captured using a digital camera 
system mounted on a microscope (Swift Microscope World, 

Figure 1. Three regions of the sclera examined in this study: pars plana, 3:00–3:30 clock-hour position, and 5:00–5:30 clock-hour position.
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Carlsbad, CA). Because each microphotograph covered only 
a small area, images were assembled into a single montage 
to display the entire section using Adobe Photoshop 2024 
(Adobe Systems, San Jose, CA).

Three regions of the sclera were examined: the pars 
plana, 3:00–3:30 clock-hour position, and 5:00–5:30 clock-
hour position (Figure 1). Fiji software (ImageJ; National 
Institutes of Health, Bethesda, MD, USA) was used for image 
processing and fiber density measurement. The method 
included color deconvolution to enhance the visualization of 
stained reticular fibers. All images were standardized using 
the same color scale and contrast settings, then converted 
to grayscale (Figure 2A, B). Each image was subsequently 
binarized (black and white) to enable quantitative analysis 
(Figure 2C). Reticular fiber density was calculated as the ratio 
of fiber-positive area to total image area. All image analyses 
were manually performed by the same observer (Muhammad 
Abumanhal) using ImageJ, with a consistent thresholding 
level applied across all images. Therefore, segmentation was 
uniform throughout the data set, and interobserver validation 
was not applicable.

Quantitative comparison of reticular fiber density among 
the three scleral regions was performed using one-way 
ANOVA. A p value <0.05 was considered statistically 
significant. When significance was observed, a post hoc test 
(Bonferroni correction) was conducted to identify specific 
group differences. To compare reticular fiber density between 
younger and older individuals, a t test was performed using 
the same software and significance threshold.

Outliers were identified using box-and-whisker plots to 
visually assess data distribution. Normality was evaluated 
using the Shapiro-Wilk and Kolmogorov–Smirnov tests. 

When outliers were detected, analyses were repeated after 
their exclusion to confirm the robustness of the results. 
All statistical analyses were conducted using IBM SPSS 
Statistics for Windows, version 29.0 (IBM Corp., Armonk, 
NY). This study was approved by the Institutional Review 
Board of Dong-A University Hospital (approval number: 
DAUHIRB-EXP-25–114) and was conducted in accordance 
with the tenets of the Declaration of Helsinki and its later 
amendments.

RESULTS

The data are summarized in Table 1. Reticular fiber density 
demonstrated considerable interindividual variability but 
tended to decrease toward the posterior region. The average 
densities at the pars plana, 3:00–3:30 clock-hour position, 
and 5:00–5:30 clock-hour position were 31.07%, 26.10%, 
and 22.70%, respectively. The corresponding ranges were 
23.46%–58.51% (pars plana; median: 29.30%, standard devia-
tion: 9.34%), 19.18%–43.07% (3:00–3:30; median: 25.18%, 
standard deviation: 6.47%), and 13.48%–50.95% (5:00–5:30; 
median: 19.77%, standard deviation: 9.18%). Figure 3 presents 
a box-and-whisker plot illustrating these distributions.

In 10 eyes, the pars plana exhibited the highest density, 
followed by 3:00–3:30 and then 5:00–5:30 (Figure 4 and 
Figure 5). Two eyes—a 38-year-old male and an 81-year-old 
female—showed the lowest density at 3:00–3:30 (Figure 
6 and Figure 7), while one eye from a 79-year-old male 
demonstrated the highest density at this location (Figure 8 
and Figure 9).

Outliers were identified in case 12: one in the pars plana 
(58.51%), one in the 3:00–3:30 region (43.07%), and one in 
the 5:00–5:30 region (50.95%; Figure 3). These values were 

Figure 2. Image processing workflow. A: Original stained image is illustrated. B: Reticular fibers are outlined. C: Final binary (white and 
black) image is used for analysis. White areas indicate reticular fibers.



587

Molecular Vision 2025; 31:584-595 <http://www.molvis.org/molvis/v31/584> © 2025 Molecular Vision 

Ta
bl

e 
1.

 R
et

ic
ul

ar
 f

ib
er

 d
en

si
ty

 in
 t

hr
ee

 s
cl

er
al

 r
eg

io
ns

 (%
).

Sa
m

pl
e 

nu
m

be
r

1
2

3
4

5
6

7
8

9
10

 
ri

gh
t

10
 le

ft
11

12
M

ea
n

M
ed

ia
n

SD
A

ge
, s

ex
77

M
R

81
FR

82
FR

79
M

L
74

FR
87

M
L

94
FL

73
M

L
79

M
R

54
F

 
38

M
L

81
FL

 
 

 
Pa

rs
 

Pl
an

a
34

.9
9

32
.5

4
30

.2
8

29
.3

26
.9

8
23

.4
6

24
.8

8
37

.9
3

26
.9

9
29

.4
8

25
.0

3
23

.5
9

58
.5

1
31

.0
7

29
.3

9.
34

3:
00

–
3:

30
27

.8
5

22
.6

7
27

.2
6

19
.18

25
.18

21
.8

9
19

.6
6

28
.6

8
31

.4
7

28
.8

9
23

.9
7

19
.5

3
43

.0
7

26
.1

25
.18

6.
47

5:
00

–
5:

30
24

.2
4

17
.6

5
19

.5
5

13
.4

8
19

.7
7

19
.5

19
.4

4
16

.6
4

24
.2

3
26

.7
2

20
.2

7
23

.0
9

50
.9

5
22

.7
3

19
.7

7
9.1

8

M
: m

al
e,

 R
: r

ig
ht

, F
:fe

m
al

e,
 L

: l
ef

t, 
SD

: s
ta

nd
ar

d 
de

vi
at

io
n.



588

Molecular Vision 2025; 31:584-595 <http://www.molvis.org/molvis/v31/584> © 2025 Molecular Vision 

substantially higher than the rest of their respective group 
distributions.

To assess the impact of these outliers, one-way ANOVA 
was performed both with and without their inclusion. The 
original analysis including outliers approached statistical 
significance (p=0.052), whereas the recalculated analysis 
excluding them revealed a significant difference among the 
groups (p<0.001). Post hoc testing with Bonferroni correc-
tion indicated a statistically significant difference in all three 
comparisons (pars plana versus 3:00–3:30: p=0.015; pars 
plana versus 5:00–5:30: p<0.001; 3:00–3:30 versus 5:00–5:30: 
p=0.022).

Comparison of reticular fiber density between the 
younger group (case 10: bilateral globes; case 1: unilateral) 
and the older group (10 globes) revealed no significant 
differences in any of the three regions (pars plana: p=0.362; 
3:00–3:30: p=0.804; 5:00–5:30: p=0.108).

DISCUSSION

The present study characterized the distribution of reticular 
fibers in the human sclera, revealing substantial interindi-
vidual variability in fiber density. In most eyes, the highest 
density was observed in the anterior sclera, with a gradual 
decline toward the posterior region, and this trend was statis-
tically supported. Notably, two eyes exhibited the lowest 
density, and one eye the highest density, in the mid-scleral 
region.

Reticular fibers contribute to the structural integrity 
of soft tissues by forming a cross-bridging framework with 
notable malleability [4]. A reduction in their density compro-
mises this flexibility, rendering the tissue more vulnerable to 
deformation under mechanical stress [4]. In contrast, collagen 
fibers primarily confer tensile strength but lack comparable 
adaptability [4]; thus, in regions with diminished reticular 
fiber support, the sclera may be more prone to deformation 
in response to intraocular pressure.

Figure 3. Three scleral regions are illustrated. Box-and-whisker plot of reticular fiber density across three scleral regions. Case 12 was 
identified as an outlier.
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Reticular fiber density varied notably among individuals. 
The mean values and ranges were 31.07% (23.46%–58.51%) 
in the pars plana, 26.10% (19.18%–43.07%) at 3:00–3:30, 
and 22.70% (13.48%–50.95%) at 5:00–5:30. After excluding 
outliers, the recalculated averages were 28.19% (23.46%–
37.93%) in the pars plana, 24.69% (19.18%–31.47%) at 

3:00–3:30, and 20.38% (13.48%–26.72%) at 5:00–5:30. These 
findings suggest that reduced reticular fiber density might 
contribute to a predisposition toward pathologic myopia and 
posterior staphyloma in susceptible individuals.

In 10 of the 13 eyes, the highest density was observed in 
the anterior sclera, with a gradual decline toward the posterior 

Figure 4. Overview of the sclera from a 77-year-old male. Scale bar means 1 mm. Circle indicates parts plana; dotted line, 3:00–3:30 region 
and square, 5:00–5:30 region.
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regions. While scleral thickness generally increases posteri-
orly due to collagen accumulation [9], the observed decrease 
in reticular fiber density toward the posterior pole aligns with 
previous reports indicating that pathologic myopia tends to 
progress posteriorly [8], accompanied by localized scleral 
thinning [9].

Among the 13 eyes examined, 2 showed the lowest retic-
ular fiber density at the 3:00–3:30 position, while 1 exhibited 
the highest density in the same region. These findings suggest 
that scleral weakness is not limited to the posterior pole. Such 
regional variability may help explain why posterior staphy-
lomas can develop at different scleral sites [6]. In the two 
cases with the lowest density at 3:00–3:30—an 81-year-old 
female and a 38-year-old male—the sclera appeared thinner 
at this location (Figure 6 and Figure 7). The sample from 
the 81-year-old female showed no apparent anatomic abnor-
malities, likely reflecting natural thickness variation in one 
eye (Figure 6). The 38-year-old male specimen had a scleral 
laceration just beyond the 3:00 position; therefore, the image 
was captured at a stable point anterior to the lesion (figure 

not shown), which may have influenced the measurement. 
Conversely, the 79-year-old male sample with the highest 
density at 3:00–3:30 (Figure 8 and Figure 9) also showed no 
structural abnormalities, again suggesting individual vari-
ability in scleral thickness. Given that these three cases span 
a wide age range (38, 79, and 81 years), the observed differ-
ences do not appear to be age related. Although the under-
lying cause of such intraocular variability remains unclear, 
these findings imply that focal reductions in reticular fiber 
density outside the posterior pole may correspond to sites of 
localized scleral thinning.

Reticular fibers are known to undergo degenerative 
changes with aging [3]. Fragmentation and thickening are 
typical age-related alterations, resembling those observed in 
elastic fibers [3]. In addition to aging, other factors—such 
as elevated intraocular pressure—may also contribute to 
reticular fiber degeneration, potentially playing a role in the 
development of posterior staphyloma.

It is important to consider how alterations in reticular 
fibers may interact with collagen reorganization, fibroblast 

Figure 5. Reticular fiber density in the three regions from Figure 4, shows the highest density in the pars plana. Original magnification is 
x200. A and B demonstrate the pars plana with 34.99%., C and D, 3:00–3:30 with 27.85% and E and F, 5:00–5:30 with 24.24%.
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activity, and extracellular matrix enzymes involved in 
scleral remodeling. While the presence of reticular fibers 
in the sclera has not been previously documented, type III 
collagen—the primary component of reticular fibers—has 
occasionally been reported in this tissue [14]. One proposed 
mechanism of myopia progression involves the negative 
remodeling of scleral collagen fibers under elevated intraoc-
ular pressure [15], leading to reduced fibroblast activity and 
matrix-degrading enzyme activity [16], as well as diminished 
synthesis of both type I and type III collagens [14]. Addi-
tionally, the cross-linking structures that stabilize collagen 
fibers are known to decline during this process [14]. Reticular 
fibers provide a supportive framework within connective 
tissues, while collagen fibers occupy the interstitial spaces 
to confer tensile strength [1]. Therefore, a reduction in type 
III collagen—corresponding to reticular fibers—alongside 
weakened cross-linking may significantly compromise the 
structural integrity of the sclera. Moreover, during myopia 
progression, fibroblasts actively secrete matrix metallopro-
teinases, which degrade extracellular matrix components, 

increase scleral compliance, and facilitate axial elongation 
[17].

Correlating histologic findings with clinical imaging 
is valuable for understanding scleral architecture in vivo. 
Optical coherence tomography studies of scleral thickness 
have largely been confined to the anterior segment, and 
even with swept-source optical coherence tomography, clear 
visualization of the posterior pole remains challenging. In 
contrast, a magnetic resonance imaging study assessing 
scleral thickness reported that in normal eyes, the equatorial 
region was the thinnest and the posterior pole the thickest 
[18]. However, in eyes predisposed to glaucoma, the posterior 
pole appeared thinner [18]. This observation aligns with the 
present study’s finding that reticular fiber density tends to 
decrease toward the posterior pole, suggesting a possible 
structural basis for regional vulnerability.

From a clinical perspective, the findings of this study 
offer potential implications for both diagnosis and treat-
ment. At present, reticular fiber density cannot serve as an 

Figure 6. Overview of the sclera from an 81-year-old female. Scale bar means 1 mm. Circle indicates parts plana; dotted line, 3:00–3:30 
region and square, 5:00–5:30 region.



592

Molecular Vision 2025; 31:584-595 <http://www.molvis.org/molvis/v31/584> © 2025 Molecular Vision 

early diagnostic marker for pathologic myopia or posterior 
staphyloma, as its assessment requires invasive scleral biopsy. 
However, if future imaging technologies enable noninvasive 
visualization of reticular fibers, their density may become a 
valuable biomarker for early detection. Regarding therapeutic 
approaches, red light therapy has been explored as a treat-
ment for pathologic myopia [19,20]. Its proposed mechanism 
involves enhancing choroidal blood flow and increasing 
choroidal thickness [19,20]. Given its longer wavelength 
and deeper tissue penetration, red light may reach the sclera 
directly [21], potentially preserving reticular fiber integrity 
by reducing oxidative stress and suppressing inflamma-
tory responses [22]. Interestingly, inflammation itself may 
contribute to the repair of damaged reticular fibers. During 
the early inflammatory phase of wound healing, reticular 
fibers transiently increase before being replaced by collagen 
fibers [12]. Understanding the mechanisms underlying this 
transient increase could provide novel therapeutic insights 
for managing pathologic myopia or posterior staphyloma after 
onset.

Although this study provides valuable insights into 
scleral thickness, regional variability, and their potential 
relationship to pathologic myopia, several limitations should 
be acknowledged. The relatively small sample size limits 
the generalizability of the findings. All cadavers were of 
East Asian descent, which may restrict applicability to other 
ethnic populations. Additionally, refractive error data were 
unavailable, preventing clear differentiation among normal 
eyes, highly myopic but nonpathologic eyes, and eyes with 
pathologic myopia. A control group of cadaveric eyes from 
individuals without a history of myopia was also lacking, 
making it difficult to determine whether the observed 
interindividual variability in reticular fiber density reflects 
disease-specific changes or normal physiologic variation. 
Future studies involving larger, more diverse populations 
and clinical correlation are necessary to validate and expand 
upon these results.

In conclusion, reticular fiber density in the sclera 
demonstrates substantial interindividual variability. Notably, 
regions of scleral structural vulnerability are not confined 

Figure 7. Reticular fiber density in the three regions from Figure 6, shows the lowest density at 3:00–3:30. Original magnification is x200. 
A and B demonstrate the pars plana with 58.51%., C and D, 3:00–3:30 with 43.07% and E and F, 5:00–5:30 with 50.95%.
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to the posterior pole, which may help explain the diverse 
anatomic distribution of posterior staphylomas. Given the 
critical role of the reticular fiber framework in maintaining 
scleral integrity, reduced fiber density may be associated with 
a predisposition to pathologic myopia and the development 
of posterior staphylomas. However, further investigation is 
needed to clarify the nature and extent of this association.
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