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1. Introduction

Pterygium is defined as an abnormal wing-
shaped growth of  fibrovascular tissue that emerges from 
the conjunctiva and advances towards the cornea (Errais 
et al., 2008; Ang, Chua and Tan, 2012; Manzar and 
Mahar, 2013). Pterygium is one of  the most prevalent 
ophthalmic disorders, and its pathogenesis has been 
closely linked to chronic ultraviolet (UV) radiation 
exposure (Marmamula et al., 2013; Nangia et al., 2013; 
Jiao et al., 2014; Chen et al., 2015). Recent studies have 
discovered that the pathogenesis of  pterygium is also 

closely linked to angiogenesis factors found in epithelial 
cells, endothelial cells, fibroblasts, inflammatory cells, 
and connective tissues (Ribatti et al., 2009; Dzunic et 
al., 2010; Liu et al., 2013; Park et al., 2015).

Based on a corneal topography map, previous 
research Errais et al. (2008) identified compression on 
the corneal surface. This demonstrates the presence of  
the corneal curvature coupling effect, which causes one 
region to become more slanted and the other region 
to become flatter. Recent research (Hilmi et al., 2017; 
Hilmi et al., 2018; Hilmi et al., 2019) demonstrates 
that the whitish appearance of  the pterygium plays an 
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Due to pterygium tissue compression on the corneal surface, it has been hypothesised that the degree of 
corneal astigmatism caused by pterygium can vary. This study aims to develop a freeze-dried method 
for estimating net pterygium tissue mass (NPTM) as dry weight. A single surgeon (KMK) excised 60 
primary pterygium using the controlled partial avulsion technique and divided them into two groups: 
formalin-fixed (n=30) and unfixed (n=30). After determining the weight of each sterile container, 5 mL 
of 5% buffered formaldehyde was added to the formalin-fixed group and stored for one week, while 5 
mL of distilled water was added to the non-fixed pterygium group. Each container was pre-frozen for 
12 hours before being freeze-dried (-24 hours at -80 degrees Celsius). The result is referred to as the net 
pterygium tissue mass (NPTM). Using an independent T-test, a comparison of wet and dry weight and 
percentage of NPTM was conducted between groups. Wet weights for formalin-fixed and non-fixed 
pterygium were 253.33 82.17 g and 255.17 63.52 g, respectively, while dry weights were 184.92 84.31 g 
and 179.54 72.85 g. Formalin-fixed pterygium tissue revealed a slightly higher percentage of NPTM 
than non-fixed pterygium tissue (69.39 13.29% vs. 67.75 13.29%, p = 0.792), but this difference was not 
statistically significant. The freeze-dried method can be utilised to quantify the NPTM of pterygium 
fibrovascular tissue and investigate the influence of pterygium translucency on predicting induced-
corneal astigmatism.
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important role in corneal curvature and oculovisual 
function changes. This postulate asserts that the quantity 
of  fibroconnective tissue can be translated into the 
tissue’s physical appearance. Tan et al. (1997) first 
characterised the whitish appearance. To the best of  
our knowledge, very limited information found on 
the usage of  freeze-dried in deterring biological tissue 
mass (Libera et al, 2008; Connon et al, 2010; Benders 
et al, 2010), with only one study done on ocular tissue 
(Frota et al, 2008). In addition, the fibroconnective 
components of  the pterygium have not been analysed 
and quantified. Due to these obstacles, the purpose 
of  this study is to investigate the use of  freeze-dried 
pterygium tissue to determine the net pterygium tissue 
mass (NPTM) (dry weight).

2. Materials and Methods
2.1. Research design

Sixty eyes from sixty patients with primary 
pterygium were enrolled. The Institutional Research 
Ethics Board (IIUM/310/G13/4/4-125) approved this 
study on the basis that it complied with the Declaration 
of  Helsinki. The consent form was distributed to all 
participants. Inclusion criteria included a confirmed 
diagnosis of  primary pterygium, both sexes, ages 
between 20 and 70 years, and a lack of  ocular trauma, 
ocular surgery, or contact lens use (Hilmi et al., 2017). 
Excluded were patients with significant ocular surface 
diseases, such as recurrent pterygium, corneal opacity, 
or irregularities caused by diseases other than pterygium. 
Two steps comprise the determination of  net pterygium 
tissue mass components (NPTM): surgical excision 
and freeze-drying.

2.2. Surgical procedure
One surgeon (KMK) performed all of  the 

procedures as outpatient procedures using topical 
anaesthesia and 0.5ml to 1ml of  subconjunctival 
anaesthesia. The body of  the pterygium was dissected 
4 mm from the limbus and reflected over the cornea, 
followed by removal of  the pterygium head using 
a Beaver No. 64 surgical blade (Becton Dickinson, 
Waltham, Massachusetts) and a blunt dissection 
technique. Excessive tenons were removed from the bare 
area, and the limbus was polished and smoothed using a 
3.3 diamond burr (Katena Ophthalmic Burr (K2-4920), 
Katena Diamond Burr 3.3 Diameter Ball (K2-5923), 
Katena Product Inc., New Jersey, US). In all eyes, a thin, 
free conjunctival graft was dissected superficially from 
the superior bulbar conjunctiva, avoiding the underlying 
Tenon’s layer. Grafts were premeasured to be 1 mm 
larger horizontally and vertically than the sclera defect 
itself. Graft margins were adhered to the sclera using 
fibrin glue (TisseelTM, Baxter AG, Vienna, Austria). 

All patients received 0.18% (0.3 ml) preservative-free 
Vismed® artificial tears (TRB Chemedica International 
SA, Geneva, Switzerland) qid for three (3) weeks after 
surgery.

2.3. Quantification process of formalin-fixated and 
non-fixed pterygium tissue utilizing Freeze-
dried 
For the formalin-fixed group, 30 fresh pterygium 

tissue samples were placed in sterile specimen bottles 
and appropriately labelled. Each sterile bottle containing 
a pterygium sample and 5 mL of  5% formaldehyde 
(formalin) is stored at room temperature for one 
week (Mohamed et al., 2012). The remaining 30 fresh 
pterygium tissue samples were placed in individual 
sterile bottles and appropriately labelled. Each sterile 
bottle was filled with 5 mL of  distilled water before the 
sample was added. All fresh pterygium was measured 
in micrograms (g) using an analytical balance (MS204S 
Analytical Balance, Mettler ToledoTM, Greifensee, 
Switzerland) and a separate scale. For each formalin-
fixed pterygium sample, the wet weights of  pterygium 
tissue samples were determined after a week of  fixation 
using the same analytical balance (MS204S Analytical 
Balance, Mettler ToledoTM, Greifensee, Switzerland) 
(Benders et al, 2010). A single operator performed three 
measurements of  wet weight, and the average of  these 
measurements was used to determine the wet weight 
of  pterygium tissue.

Then, all sample bottles were prefrozen for 24 
hours and freeze-dried at -80 oC in a freeze dryer (Sahin 
et al., 2006; Mohamed et al., 2012) (Alpha 2-4 LDplus, 
Martin Christ Gefriertrocknungsanlagen GmbH, 
Osterode, Germany). All samples were weighed using 
an analytical balance (MS204S Analytical Balance, 
Mettler ToledoTM, Greifensee, Switzerland) after being 
freeze-dried for 24 hours. A single operator performed 
three measurements on freeze-dried pterygium samples, 
and the average of  these measurements was taken as the 
net pterygium tissue mass (NPTM), which represents 
the dry weight of  pterygium. All freeze-dried pterygium 
samples were stored in a 5.0 ml Eppendorf® tube for 
archival purposes.

2.4.  Statistical analysis
All data were presented in mean ± SD. Normality 

of  data was tested using ratio of  kurtosis and skewness 
of  ± 2.50 (George and Mallery, 2010). Comparison 
between non-fixed and formalin-fixed net pterygium 
tissue mass was assessed using independent T-test. The 
alpha significance level was set at p < 0.05. Statistical 
analysis was performed using IBM SPSS (Predictive 
analytics software) (Version 12, SPSS Inc., Chicago, 
IL, USA).
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3. Results
3.1. Descriptive analysis

The overall mean and SD for formalin-fixed 
and fresh pterygium wet weight were 253.33 ± 82.17 
μg (n = 30) and 255.17 ± 63.52 μg (n = 30) respectively. 
Whereas the overall mean and SD for formalin-fixed 
and fresh pterygium dry weight were 184.92 ± 84.31 
μg (n = 30) and 179.54 ± 72.85 μg (n = 30) respectively. 
In terms of  percentage of  fibroconnective components, 
formalin-fixed group revealed slightly higher percentage 
compared to fresh pterygium tissue with 69.39 ± 13.29 
% and 67.75 ± 13.27 % respectively.

3.2. Comparative analysis 
Based on the results, we found that the 

differences in pterygium dry weight and percentage of  
net pterygium tissue mass between formalin-fixed and 
non-fixed freeze-dried were statistically insignificant 
(all p > 0.05). These results suggest that both methods 
were comparable and interchangeably. A summary 
of  comparative analysis between all parameters are 
shown in Table 1.

4. Disscussion
This study aimed to describe a method for 

determining the dry weight of  pterygium using the 
freeze-dried method. We have separated 60 samples 
of  pterygium into two groups: non-fixed and formalin-
fixed. The selection of  fresh tissue assumed that it 
would be free of  external impurities, such as chemical 
exposure. This is significant because the objective of  
this study was to quantify the net pterygium tissue mass 
(NPTM) components, which infers the fibroconnective 
components of  pterygium. In contrast, samples 
fixed with formalin undergo a chemical reaction. 
Consequently, we doubt that using formalin-fixed tissue 
would influence the measurement of  pterygium tissue 
mass. It’s possible that the effect was negligible; however, 
to be certain, we decided to compare the dry weight 
values of  pterygium between these two methods. 

This study discovered that both methods were 
comparable; however, the formalin-fixed group had 
a higher wet weight for pterygium. This may be due 
to the nature of  formalin as a fixative, which replaces 

water with formaldehyde, thereby increasing its 
original weight and, consequently, its water content 
(Birkl et al., 2016). The non-fixed group had a higher 
percentage of  water content than the formalin-fixed 
group, which indirectly led to a greater NTPM. As 
suggested by a previous study, we hypothesise that 
the differences in increased percentage of  NPTM and 
decreased percentage of  water content in the formalin-
fixed group indicate a slight increase in protein weight 
due to formalin fixation of  tissue (Birkl et al., 2016).

After surgical excision, it is common practise 
to store pterygium samples in formalin. Formalin, 
also referred to as formaldehyde, is a well-known 
fixative used to preserve biological tissues for future 
research. However, numerous studies have reported 
that formalin’s chemical reactions cause some structural 
changes in biological tissues (Thavarajah et al., 2012; 
Birkl et al., 2016). Nonetheless, our findings suggest 
that the effects of  additional aldehyde molecules on 
the dry weight of  pterygium may be negligible.

However, the freeze-drying technique could 
mitigate this disadvantage by removing moisture and 
ensuring chemical-free conditions, so that the actual 
dry weight of  pterygium could be determined while the 
tissues remained functional. This is significant given that 
the pterygium tissue mass consists of  fibroblasts and 
connective tissues (Dunic et al., 2010). Clinically, the 
actual mass of  pterygium is thus indirectly determined 
by having a dry tissue. Previous studies (Rodriguez-Ares 
et al., 2009; Allen et al., 2013) have demonstrated that 
the freeze-dried method is reliable for determining the 
tissue content of  an ocular tissue and is superior to the 
desiccation method for preserving ocular tissue (Frota 
et al., 2008). As a result, we were unable to compare 
our findings to those of  other studies.

Based on our findings, we hypothesise that 
the physico-biological properties of  pterygium may 
play a significant role in causing corneal astigmatism. 
This is because NPTM represents fibroconnective 
components, which could serve as the total mass, that 
cause mechanical traction on the cornea and result 
in the previously described local corneal flattening 
(Errais et al, 2008; Hilmi et al, 2017). Our hypothesis 
was that the quantity of  NPTM could indicate the level 

Table 1.   Comparative analysis between formalin-fixed and fresh pterygium tissue via freeze-dried method based on independent 
T-test

 

Table 1. Comparative analysis between formalin-fixed and fresh pterygium tissue via freeze-dried method based 

on independent T-test 

 

Variables/Group Formalin-fixed pterygium tissue Non-fixed tissue p-value (95% CI) 

Wet weight (µg) 253.33 ± 82.17 255.17 ± 63.52 p = 0.923 (-36.12, 39.79) 

Dry weight (µg) 184.92 ± 84.31 179.54 ± 72.85 p= 0.792 (-46.10, 35.34) 

Net Pterygium tissue mass (%) 69.39 ± 13.29 67.75 ± 13.27 p= 0.635 (-8.50, 5.23) 

Water content (%) 30.61 ± 13.29 32.25 ± 13.27 p= 0.635 (-5.23, 8.50) 
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of angiogenesis activity (Qi et al., 2012; Sato et al., 2014; 
Che Azemin et al., 2014; Azemin et al., 2015; Azemin 
et al., 2016; Kumagai et al., 2016), which served as an 
important indicator for fibrous tissue growth, which 
in this case leads to various degree of  induced corneal 
astigmatism. This may explain why some pterygium 
cause significant corneal astigmatism while others 
do not.

5. Conclusions
In conclusion, we discovered that freeze-drying 

could provide a consistent method for measuring the 
dry weight of  pterygium. As there is no statistically 
significant difference between the two tissue preparation 
methods, both formalin-fixed and non-fixed methods 
can be used in the future for this purpose. The dry 
weight of  pterygium tissue, also known as NPTM, 
represents the actual fibroconnective components of  
pterygium tissue, which inferentially represent the mass 
of  pterygium. This is the first report to our knowledge 
that describes a method for quantifying pterygium 
fibroconnective components. This study may serve as a 
foundation for future research into the effect of  physico-
biological properties of  pterygium on changes in corneal 
curvature, which result in corneal astigmatism. 
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