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MORPHOLOGICAL TYPES OF PTERYGIUM 

Rajabov H.R., Karimov R.X. 

Urgench State Medical Institute, Khorezm Regional Center of Eye Microsurgery, Urgench, Uzbekistan 

 

Resume. Pterygium is a degenerative–proliferative ocular surface disorder characterized by fibrovas-

cular tissue growth onto the cornea and a high rate of postoperative recurrence. Despite advances in surgi-

cal management, recurrence remains a major clinical challenge, underscoring the importance of detailed 

morphometric evaluation of pterygium tissue.To investigate and compare the morphometric characteristics 

of fibrovascular tissue components in different morphological variants of pterygium and to assess their po-

tential clinical significance. This retrospective morphometric study included biopsy specimens from 78 pa-

tients surgically treated for pterygium at the Khorezm Regional Center of Eye Microsurgery between 2022 

and 2024. Histological sections were stained with hematoxylin and eosin and digitized using a NanoZoomer 

scanner. Quantitative morphometric analysis was performed with QuPath-0.5.0 software. The assessed pa-

rameters included the area occupied by fibroblasts, collagen fibers, blood vessels, inflammatory infiltrates, 

and interstitial tissue. Statistical analysis was conducted using variation statistics, with significance set at P 

< 0.05. 

Key words: pterygium; morphometry; fibrovascular tissue; collagen fibers; fibroblasts; recurrence. 

 

ПТЕРИГИУМНИНГ МОРФОЛОГИК ТУРЛАРИ 

Ражабов Ҳ.Р., Каримов Р.Х. 

Урганч давлат тиббиёт институти, Хоразм вилояти кўз микрохирургияси маркази, Урганч ш., 

Ўзбекистон 

 

Резюме. Птеригиум — кўз юзасининг дегенератив-пролифератив касаллиги бўлиб, у 

фиброваскуляр тўқиманинг шох пардага ўсиб кириши ва операциядан кейинги қайталанишнинг 

юқори даражаси билан тавсифланади. Жарроҳлик даволаш усулларидаги ютуқларга қарамай, 

птеригиумнинг қайталаниши ҳали ҳам муҳим клиник муаммо бўлиб қолмоқда, бу эса птеригиум 

тўқималарини батафсил морфометрик жиҳатдан баҳолаш зарурлигини кўрсатади. Мазкур 

тадқиқотнинг мақсади птеригиумнинг турли морфологик вариантларида фиброваскуляр тўқима 

компонентларининг морфометрик хусусиятларини ўрганиш ва солиштириш ҳамда уларнинг клиник 

аҳамиятини баҳолашдан иборат. Ушбу ретроспектив морфометрик тадқиқотга 2022–2024 йиллар 

давомида Хоразм вилояти кўз микрохирургияси марказида птеригиум сабабли жарроҳлик амалиёти 

ўтказилган 78 нафар бемордан олинган биопсия намуналари киритилди. Гистологик кесмалар ге-

матоксилин ва эозин билан бўялиб, NanoZoomer сканери ёрдамида рақамлаштирилди. Миқдорий 

морфометрик таҳлил QuPath-0.5.0 дастури ёрдамида амалга оширилди. Баҳоланган кўрсаткичлар 

фибробластлар, коллаген толалар, қон томирлари, яллиғланиш инфильтратлари ва интерстициал 

тўқима эгаллаган майдонларни ўз ичига олди. Статистик таҳлил вариацион статистика усуллари 

ёрдамида бажарилди, ишончлилик даражаси P < 0,05 деб қабул қилинди. 

Калит сўзлар: птеригиум; морфометрия; фиброваскуляр тўқима; коллаген толалар; фиб-

робластлар; қайталаниш. 

 

МОРФОЛОГИЧЕСКИЕ ТИПЫ ПТЕРИГИУМА 

Раджабов Х.Р., Каримов Р.Х. 

Ургенчский государственный медицинской институт, Хорезмский региональный центр  

микрохирургии глаза, г. Ургенч, Узбекистан 

 

Резюме. Птеригиум представляет собой дегенеративно-пролиферативное заболевание по-

верхности глаза, характеризующееся ростом фиброваскулярной ткани на роговицу и высоким уров-

нем послеоперационных рецидивов. Несмотря на достижения в хирургическом лечении, проблема 

рецидивирования остаётся актуальной, что подчёркивает необходимость детальной морфометри-

ческой оценки тканей птеригиума. Целью данного исследования являлось изучение и сравнение мор-

фометрических характеристик компонентов фиброваскулярной ткани при различных морфологиче-

ских вариантах птеригиума, а также оценка их возможного клинического значения. Ретроспектив-

ное морфометрическое исследование включало биопсийный материал 78 пациентов, прооперирован-

ных по поводу птеригиума в Хорезмском региональном центре микрохирургии глаза в период с 2022 
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по 2024 годы. Гистологические срезы окрашивали гематоксилином и эозином и оцифровывали с ис-

пользованием сканера NanoZoomer. Количественный морфометрический анализ проводился с помо-

щью программного обеспечения QuPath-0.5.0. Оценивались следующие параметры: площадь, занима-

емая фибробластами, коллагеновыми волокнами, кровеносными сосудами, воспалительными ин-

фильтратами и интерстициальной тканью. Статистическая обработка данных осуществлялась 

методами вариационной статистики, уровень значимости принимался равным P < 0,05. 

Ключевые слова: птеригиум; морфометрия; фиброваскулярная ткань; коллагеновые волокна; 

фибробласты; рецидив. 
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Introduction. Pterygium (from the Greek “pterygion”) is a disease characterized by the growth of a 

fibrovascular membrane from the conjunctiva onto the surface of the cornea along the horizontal meridian. 

Its prevalence varies worldwide among different populations, ranging from 0.7% to 31%. This condition is 

more commonly observed in peri-equatorial regions located between 37° north and south of the equator, 

where high temperatures and dry climatic conditions predominate [1, 2]. 

Pterygium represents squamous metaplasia of the epithelium and is characterized by fibroblast prolif-

eration, infiltration of inflammatory cells, neovascularization, and remodeling of the extracellular matrix. 

The disease has degenerative features, including degradation of Bowman’s membrane, thinning of the base-

ment membrane, and elastoid and hyaline degeneration. It is also distinguished by epithelial hyperplasia and 

a high rate of recurrence after surgical excision [3, 4]. 

At present, the main method of pterygium treatment is surgical intervention; according to the litera-

ture, the average postoperative recurrence rate is approximately 40% [5]. The high frequency of recurrences 

highlights the necessity for an in-depth study of the morphological characteristics of pterygium. 

The aim of this study is to investigate the morphometric characteristics of the fibrovascular tissue 

structure in different morphological variants of pterygium (proliferative, fibromatous, and atrophic-sclerotic) 

and to assess their clinical significance. 

Literature review. Pterygium is a common ocular surface disorder with a complex and multifactorial 

pathogenesis. Epidemiological studies have consistently demonstrated a strong association between pterygi-

um development and chronic exposure to ultraviolet (UV) radiation, high ambient temperatures, dry cli-

mates, wind, and airborne irritants [1,2]. These environmental factors are particularly prevalent in peri-

equatorial regions, where the incidence of pterygium reaches its highest levels. 

Traditionally, pterygium was regarded as a degenerative condition; however, accumulating evidence 

suggests that it represents a degenerative–proliferative disorder with tumor-like biological behavior [3,4]. 

Histologically, pterygium is characterized by squamous metaplasia of the conjunctival epithelium, epithelial 

hyperplasia, fibroblast proliferation, neovascularization, inflammatory cell infiltration, and extensive remod-

eling of the extracellular matrix [6,9]. Degenerative changes such as Bowman’s membrane fragmentation, 

elastoid degeneration, and hyaline transformation further support the complexity of this pathology [9]. 

Fibroblasts play a central role in the progression of pterygium. Activated fibroblasts demonstrate in-

creased proliferative activity, enhanced synthesis of extracellular matrix components, and resistance to apop-

tosis [5]. Dushku and Reid reported abnormal expression of the tumor suppressor protein p53 in pterygium 

tissues, suggesting dysregulation of cell cycle control mechanisms and contributing to uncontrolled fibroblast 

proliferation and recurrence [10]. These findings reinforce the concept that pterygium shares biological fea-

tures with premalignant lesions. 

Morphological heterogeneity of pterygium has been widely documented in the literature. Several au-

thors classify pterygium into proliferative, fibromatous, and atrophic-sclerotic variants based on histopatho-

logical features and clinical behavior [8]. The proliferative variant is characterized by high cellular density, 

active fibroblast proliferation, pronounced vascularization, and inflammatory infiltration, which clinically 

corresponds to rapid growth and a high risk of postoperative recurrence [3,7]. In contrast, the fibromatous 

variant exhibits dense, coarse collagen bundles with reduced cellular activity, representing a relatively stable 

or quiescent form of the disease [6]. The atrophic-sclerotic variant demonstrates minimal fibroblast activity, 

predominant sclerotic changes, and low metabolic activity [9]. 

Despite extensive descriptive histological studies, quantitative morphometric investigations of pteryg-

ium tissue remain limited. Conventional qualitative assessments are insufficient for objectively comparing 

tissue components among different morphological variants [4]. Recent advances in digital pathology, includ-

ing whole-slide imaging and image analysis software, have enabled precise morphometric evaluation of fi-
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brovascular tissue, allowing objective measurement of fibroblasts, collagen fibers, vascular structures, and 

inflammatory components [7]. 

Postoperative recurrence remains a major challenge in pterygium management, with reported rates 

ranging from 10% to 40% depending on surgical technique and adjuvant therapy [5]. Increasing evidence 

suggests that recurrence is strongly influenced by the intrinsic morphological and cellular characteristics of 

the excised tissue rather than surgical factors alone [8]. High fibroblast density, active neovascularization, 

and poor collagen organization have been identified as key predictors of recurrence, highlighting the im-

portance of preoperative and postoperative risk stratification. 

Therefore, morphometric analysis represents a valuable approach for understanding the biological be-

havior of pterygium. Quantitative assessment of fibrovascular tissue components provides objective criteria 

for differentiating morphological variants, predicting recurrence risk, and selecting individualized treatment 

strategies, including the potential use of adjuvant anti-VEGF or antifibrotic therapies [5,10]. Comprehensive 

morphometric studies are essential for improving long-term surgical outcomes and optimizing patient man-

agement in pterygium. 

Materials and methods.  

Study Material. The study examined biopsy specimens from 78 patients diagnosed and treated for 

pterygium at the Khorezm Regional Center of Eye Microsurgery between 2022 and 2024. Among the pa-

tients, 35 (44.9%) were male, and 43 (55.1%) were female, with ages ranging from 21 to 69 years. 

Histological Examination. Biopsy specimens were fixed in a 10% neutral formalin solution and em-

bedded in paraffin blocks. Sections 4–5 µm thick were prepared using a microtome and stained with hema-

toxylin and eosin. The stained histological slides were examined using a ZEISS Primo Star light microscope 

(Germany) at magnifications of ×40, ×100, and ×400. 

Morphometric Analysis. For morphometric analysis, 10–15 sections were prepared from each speci-

men. Histological slides were digitized using a NanoZoomer scanner (REF C13140-21, Hamamatsu Photon-

ics, Japan). The obtained images were processed and analyzed using QuPath-0.5.0 software. 

The following parameters were evaluated as morphometric indices: the area occupied by fibroblasts, 

the area of collagen fibers, the area of blood vessels, the area of inflammatory infiltrate, and the area of inter-

stitial tissue. 

Statistical Analysis. The obtained data were analyzed using methods of variation statistics. The 

arithmetic mean (M) and standard error (±m) were calculated. Statistical significance was assessed at a level 

of P < 0.05. 

 

 
Fig. 1. 

 

By gender (Male=35, Female=43; total n=78) 

Question: Does the composition differ from 50:50? 

Test: Binomial test (H₀: p = 0.5) 

Result: p = 0.4282 (exact two-sided) 

Conclusion: There is no statistically significant difference from a 50:50 gender distribution. 

Proportion: p̂ (male) = 35/78 = 0.4487 

95% confidence interval (Wilson): 0.3343 – 0.5589 
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Distribution of pterygium prevalence by age groups (percentages). A detailed analysis of our study 

showed the highest prevalence in the 51–60 age group, with 23 cases (30%). This age period is character-

ized by high occupational activity, during which initial changes in the visual system begin to appear. 

Other age groups with a relatively high prevalence included individuals aged 41–50 years, with 18 

cases (23%), and those aged over 60 years, with 22 cases (28%). The 30–40 age group accounted for 14 

cases (18%), while the 20–30 age group included only 1 case (1%). These groups also represent periods of 

active lifestyle and sustained work activity. 

The overall prevalence in the 40–70 age range amounted to 63 cases (81%). During this period, ag-

ing-related changes in the visual system begin to develop; however, functional and occupational activity 

generally remains high. 

The lowest prevalence was observed in the 21–30 age group, with 1 case (1%), and in the 15–20 age 

group, with no cases (0%). This finding suggests that in these age groups, either physical activity is relative-

ly low (in older individuals) or protective behaviors and caution are more pronounced (in younger individu-

als). 

 

 
Fig. 2. Distribution by age groups. 

 

Results. Among the 89 examined cases, the morphological variants of pterygium were distributed as 

follows: proliferative type – 32 cases (36.0%), fibromatous type – 35 cases (39.3%), and atrophic-sclerotic 

type – 22 cases (24.7%). 

The results of the multiplex confocal morphometric analysis are presented in Table 1. 

Table 1 

Morphometric parameters of tissue components in various morphological types of pterygium 

 

№ Morphological types Fibroblasts, mm³ Collagen fibers µm² Proportion, % 

1 Proliferative 1,23±0,16 18325,45±3,12 28,65 

2 Fibromatous 0,62±0,05 30125,19±2,35 47,1 

3 Atrophic-sclerotic 0,45±0,05 4395,67±1,85 6,87 

Note: P<0,05 

 

Proliferative type. This variant is the most aggressive, with the volumetric area occupied by fibro-

blasts measuring 1.23 ± 0.16 mm³. The tissue composition revealed a high number of fibroblasts, fibrocytes, 

and histiocytes. In a ×200 field of view, no fewer than 15–25 foci of proliferatively active fibroblasts were 

recorded. Fuchsinophilic fibers exhibited a finely branched pattern, and interstitial edema was identified be-

tween the branching bundles. 

Fibromatous type. In this variant, the area occupied by dense fibrous connective tissue measured 

30,125.19 ± 2.35 µm², accounting for 47.1% of the measured surface, which was the highest value among all 

variants. The volumetric area occupied by fibroblasts was 0.62 ± 0.05 mm³. Using the Van Gieson staining 

method, thick, intensely red, densely packed, and interlacing coarse collagen fiber bundles were identified. 

Atrophic-sclerotic type. In this variant, the volumetric area occupied by fibroblasts was 0.45 ± 0.05 

mm³, representing the lowest value. Fuchsinophilic fibers accounted for 6.87% and were observed as sparse 

and fragmented foci. Compared with other variants, the morphofunctional characteristics of the tissue ap-

peared more stable, with a reduction in mitotic foci and weakly expressed inflammatory infiltrates. 

The morphological variants were distributed as follows: fibromatous (39.3%), proliferative (36.0%), 

and atrophic-sclerotic (24.7%). The fibromatous variant demonstrated the highest proportion of dense colla-

gen fibers (47.1%), indicating structural stability. The proliferative variant was characterized by marked fi-
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broblast activity (28.65%) and minimal collagen organization, reflecting aggressive biological behavior. The 

atrophic-sclerotic variant showed the lowest fibroblast volume (6.87%) and reduced metabolic activity. Sta-

tistically significant differences in tissue composition were observed among the variants (P < 0.05). 

Discussion. The obtained results demonstrated significant differences in the fibrovascular tissue 

composition among the various morphological variants of pterygium. In the proliferative variant, a high pro-

liferation of fibroblasts and a relatively low amount of collagen fibers were observed, which explains the 

clinical aggressiveness of this variant. In the fibromatous variant, a high content of collagen fibers (47.1%) 

and relatively low fibroblast activity were identified. These findings confirm that this variant represents the 

most “stable” or “quiescent” form of pterygium. Morphometric analysis showed that in the fibromatous type, 

collagen fibers occupy 47.1% of the measured area, which in clinical practice indicates a lower likelihood of 

recurrence after treatment. In the atrophic-sclerotic variant, the overall metabolic activity of the tissue was 

low, and sclerotic changes predominated. However, fragmentation of collagen fibers within the loose con-

nective tissue contributed to the formation of mononuclear infiltrates in foci of chronic inflammation. In the 

proliferative variant, the area of fibroblast proliferation accounted for 28.65%, which indicates the potential 

need for post-treatment anti-VEGFR-1 targeted therapy. This approach may improve patients’ quality of life. 

Thus, morphometric analysis allows for quantitative assessment of tissue composition in different morpho-

logical variants of pterygium. These data are important for selecting treatment strategies, determining the 

necessity of additional therapy in the postoperative period, and predicting the risk of recurrence. 

Conclusion. Morphometric analysis revealed distinct quantitative differences in fibrovascular tissue 

composition among morphological variants of pterygium. These findings provide objective criteria for as-

sessing disease activity, may assist in selecting individualized treatment strategies, and are valuable for pre-

dicting postoperative recurrence risk. Pterygium predominantly occurs in individuals aged 41–70 years, ac-

counting for the majority of cases. The highest prevalence was observed in the 41–50, 51–60, and 61–70 age 

groups. In younger adults (21–30 years), the condition was relatively uncommon. The absence of data for the 

15–20 and 70–80 age groups limits the completeness of the analysis. Among the morphological variants of 

pterygium, fibroblast activity in the fibrovascular tissue was highest in the proliferative type (1.23 ± 0.16 

mm³) and lowest in the atrophic-sclerotic type (0.45 ± 0.05 mm³). In the fibromatous type, the area occupied 

by dense fibrous connective tissue measured 30,125.19 ± 2.35 µm², accounting for 47.1% of the measured 

surface, which was the highest value compared to other variants. Morphometric data serve as an important 

criterion for selecting treatment strategies and predicting the risk of recurrence in different morphological 

variants of pterygium. In the proliferative variant, post-treatment anti-VEGFR therapy is recommended, 

whereas conservative monitoring is advised for the fibromatous variant. 
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