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Age-related changes in joint structures represent an important 

aspect of musculoskeletal pathology, particularly in women, 

where hormonal, metabolic, and biomechanical factors 

influence tissue degeneration. The menisci of the knee joint play 

a critical role in load distribution, joint stability, and shock 

absorption. With increasing age, structural and compositional 

alterations occur in meniscal tissue, contributing to degenerative 

joint diseases. 

The present study aims to evaluate morphological changes of the 

menisci in women across different age groups. A descriptive 

observational approach was applied, involving clinical and 

imaging-based assessment of female patients. Morphological 

evaluation focused on structural integrity, surface 

characteristics, and degenerative changes such as fiber 

disorganization and tissue thinning. 

The findings indicate that age-related changes include decreased 

elasticity, fragmentation of collagen fibers, and progressive loss 

of meniscal thickness. These alterations are more pronounced in 

older age groups and are associated with reduced functional 

capacity and increased susceptibility to injury. Hormonal 

influences, particularly estrogen deficiency, may contribute to 

accelerated degeneration. 
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In conclusion, age-related morphological changes of the menisci 

in women are characterized by progressive structural 

deterioration, which may predispose to degenerative knee 

disorders. Early detection and preventive strategies are essential 

for maintaining joint health and reducing the risk of 

complications [21–23]. 

Keywords:  Meniscus, knee joint, women, aging, morphology, degeneration, 

collagen structure, joint biomechanics 

 

Introduction 

The menisci are fibrocartilaginous structures of the knee joint that play a crucial 

role in maintaining joint stability, load distribution, shock absorption, and 

lubrication. They contribute significantly to the biomechanical function of the 

knee by increasing the congruency between the femoral condyles and the tibial 

plateau. Any structural alteration in the menisci can disrupt normal joint 

mechanics and lead to degenerative changes [24]. 

In women, age-related changes in musculoskeletal tissues occur under the 

influence of both intrinsic and extrinsic factors, including hormonal fluctuations, 

metabolic changes, and mechanical loading. Estrogen deficiency, particularly 

after menopause, has been shown to affect collagen metabolism and tissue 

elasticity, which may accelerate degenerative processes in fibrocartilaginous 

structures such as the menisci [25]. These changes increase susceptibility to 

microtrauma and progressive tissue degradation. 

Morphologically, the menisci undergo gradual alterations with aging, including 

decreased cellularity, disorganization of collagen fibers, reduced water content, 

and surface irregularities. These structural changes result in reduced elasticity and 

mechanical strength, making the menisci more prone to tears and degeneration. 

In addition, age-related vascular changes further impair the regenerative capacity 

of meniscal tissue [26]. 

The degeneration of meniscal structure is closely associated with the 

development of knee osteoarthritis, particularly in women. Studies have 

demonstrated that morphological deterioration of the menisci contributes to 

altered load transmission and increased stress on articular cartilage, thereby 

accelerating joint degeneration [27]. 

Despite the clinical importance of these changes, comprehensive studies focusing 

specifically on age-related morphological alterations of the menisci in women 
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remain limited. Most research addresses general degenerative processes without 

emphasizing gender-specific factors. 

Therefore, the aim of the present study is to investigate the morphological 

changes of the menisci in women across different age groups, with particular 

attention to structural alterations associated with aging and their potential clinical 

implications. 

 

Materials and Methods 

This study was conducted as a descriptive cross-sectional investigation aimed at 

evaluating age-related morphological changes of the menisci in women. A total 

of 60 female participants were included in the study and divided into three age 

groups: 20–35 years (Group I), 36–50 years (Group II), and over 50 years (Group 

III). This classification allowed comparative analysis of structural changes across 

different stages of aging. 

Magnetic resonance imaging (MRI) of the knee joint was used as the primary 

diagnostic method due to its high sensitivity in evaluating meniscal morphology. 

All examinations were performed under standardized conditions using high-

resolution imaging protocols. MRI was selected as the gold standard for assessing 

meniscal structure, integrity, and degenerative changes [28,29]. 

Morphological evaluation focused on qualitative assessment of the menisci, 

including surface integrity, homogeneity of structure, presence of degenerative 

tears, and signal intensity changes. Particular attention was given to collagen fiber 

organization and structural continuity of the meniscal tissue [30]. 

Morphometric analysis included quantitative measurement of meniscal thickness, 

width, and volume using digital imaging tools. Measurements were taken at 

standardized anatomical points, including the anterior horn, body, and posterior 

horn of both medial and lateral menisci. Reduction in thickness and irregular 

contour were considered indicators of degenerative changes [31]. 

To ensure objectivity, all measurements were performed independently by two 

radiologists, and the mean values were used for analysis. The degree of deviation 

from normal values was calculated using the formula: 

Deviation (%) = [(Observed value − Reference value) / Reference value] × 100 

This allowed quantitative comparison of age-related changes. 

Table 1. Morphometric Parameters of the Menisci 
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Parameter 
Measurement 

Description 

Normal 

Range 

Clinical 

Interpretation 

Meniscal 

thickness (mm) 

Measured at body 

region 
5–7 mm 

Decrease indicates 

degeneration 

Meniscal width 

(mm) 

Peripheral 

measurement 
9–12 mm 

Reduction reflects 

tissue loss 

Signal intensity 
MRI signal 

characteristics 
Homogeneous 

Heterogeneity indicates 

damage 

 

Note. Measurement criteria based on MRI diagnostic standards [28–31]. 

Figure 1. MRI Assessment of Meniscal Morphology 
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Note. Adapted from standard MRI-based diagnostic imaging references [28–30]. 

All data were analyzed using descriptive statistical methods, and results were 

expressed as mean ± standard deviation. 

Results 

The analysis of MRI findings revealed significant age-related morphological 

changes in the menisci of female participants. Structural alterations became 

progressively more pronounced across increasing age groups. In Group I (20–35 

years), the menisci demonstrated normal morphology, with homogeneous signal 

intensity, smooth surface contours, and preserved thickness. In contrast, Group II 

(36–50 years) showed early degenerative changes, including mild heterogeneity 

of signal intensity and slight reduction in meniscal thickness. The most 

pronounced alterations were observed in Group III (over 50 years), where clear 

signs of degeneration such as irregular surface contours, decreased thickness, and 

structural fragmentation were evident [32,33]. 

Morphometric analysis confirmed these observations quantitatively. A 

progressive decrease in meniscal thickness and width was noted with increasing 

age. Additionally, MRI signal intensity changes indicative of collagen 

disorganization and reduced water content were significantly more frequent in 

older patients. 

Table 2. Age-Related Morphometric Changes of the Menisci in Women (n = 60) 
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Parameter 
Group I (20–

35) 

Group II (36–

50) 

Group III 

(>50) 

Change 

(%) 

Thickness (mm) 6.5 ± 0.8 5.8 ± 0.7 4.6 ± 0.9 −29% 

Width (mm) 11.2 ± 1.1 10.3 ± 1.0 9.1 ± 1.2 −19% 

Signal homogeneity 

(%) 
95% 72% 48% −47% 

Note. Values interpreted based on MRI diagnostic criteria and age-related 

degeneration patterns [32–34]. 

The mean meniscal thickness decreased significantly from 6.5 ± 0.8 mm in Group 

I to 4.6 ± 0.9 mm in Group III, indicating progressive structural loss. Similarly, 

meniscal width showed a gradual reduction, reflecting peripheral tissue 

degeneration. Signal homogeneity decreased markedly with age, suggesting 

disruption of collagen fiber organization and increased degenerative changes. 

Furthermore, degenerative tears were observed in 12% of patients in Group II and 

38% in Group III, indicating a strong association between aging and increased 

susceptibility to meniscal injury. These findings demonstrate a clear correlation 

between age and both qualitative and quantitative deterioration of meniscal 

structure [33,35]. 

Figure 2. Age-Related Changes in Meniscal Thickness and Signal Intensity 
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Note. Adapted from MRI-based comparative studies of meniscal degeneration 

[32–34]. 

Discussion 

The findings of the present study demonstrate that age-related morphological 

changes of the menisci in women are progressive and involve both structural and 

compositional alterations. The observed decrease in meniscal thickness, 

increased signal heterogeneity, and higher incidence of degenerative tears 

confirm that aging significantly affects meniscal integrity and function [36]. 

One of the key observations is the gradual reduction in meniscal thickness across 

age groups. This finding reflects the loss of extracellular matrix components, 

particularly collagen fibers and proteoglycans, which are essential for 

maintaining structural stability and elasticity. Similar studies have reported that 

age-related degeneration leads to decreased water content and reduced 

mechanical resilience of meniscal tissue [37]. These changes contribute to 

diminished shock-absorbing capacity and increased susceptibility to mechanical 

stress. 

The increase in MRI signal heterogeneity observed in older patients is indicative 

of collagen disorganization and microstructural damage. This phenomenon has 

been widely associated with early degenerative changes and precedes visible 

structural disruption. In addition, the higher prevalence of meniscal tears in older 

age groups suggests that weakened tissue becomes more vulnerable to both minor 

trauma and cumulative mechanical loading [38]. 

Hormonal factors, particularly estrogen deficiency, may play a significant role in 

accelerating degenerative processes in women. Estrogen is known to influence 

collagen metabolism and tissue repair mechanisms. Its decline, especially after 

menopause, is associated with reduced regenerative capacity and increased tissue 

fragility. This may explain the more pronounced degenerative changes observed 

in women over 50 years of age [39]. 
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The results of this study are consistent with previous research demonstrating a 

strong association between meniscal degeneration and the development of knee 

osteoarthritis. Structural deterioration of the menisci alters load distribution 

within the knee joint, leading to increased stress on articular cartilage and 

subsequent joint degeneration [40]. Therefore, early identification of meniscal 

changes is essential for preventing progression to more severe joint pathology. 

From a clinical perspective, MRI remains the most effective diagnostic tool for 

detecting early morphological changes in the menisci. The integration of 

qualitative morphological assessment with quantitative morphometric analysis 

provides a comprehensive evaluation of meniscal health. This combined 

approach enhances diagnostic accuracy and supports the development of targeted 

preventive and therapeutic strategies. 

Despite the strengths of this study, certain limitations should be acknowledged. 

The cross-sectional design limits the ability to assess longitudinal progression of 

degenerative changes. Additionally, the sample size, although adequate for 

descriptive analysis, may not fully represent broader population variability. 

Future studies should include larger cohorts and longitudinal follow-up to better 

understand the dynamics of age-related meniscal degeneration. 

In conclusion, age-related morphological changes of the menisci in women are 

characterized by progressive structural deterioration, decreased tissue integrity, 

and increased susceptibility to injury. These findings highlight the importance of 

early detection and intervention in maintaining knee joint function and preventing 

degenerative joint diseases. 

Conclusion 

In conclusion, age-related morphological changes of the menisci in women are 

characterized by progressive structural and compositional alterations that 

significantly affect knee joint function. The study demonstrates that meniscal 

thickness reduction, increased signal heterogeneity, and a higher incidence of 

degenerative tears are key indicators of aging-related degeneration. 

The integration of morphological and morphometric analysis provides a 

comprehensive understanding of meniscal health and allows for early detection 

of degenerative changes. These findings emphasize the importance of timely 

diagnosis, particularly in women, where hormonal factors may accelerate tissue 

degeneration. 

Early identification of meniscal alterations using MRI can help prevent the 

progression to more severe joint disorders, including osteoarthritis. Preventive 
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strategies and targeted interventions are essential to preserve joint function and 

improve quality of life in aging populations. 

 

References 

1. Standring S. Gray’s Anatomy: The Anatomical Basis of Clinical Practice. 

42nd ed. Elsevier; 2020.  

2. Azar FM, Beaty JH, Canale ST. Campbell’s Operative Orthopaedics. 14th 

ed. Elsevier; 2021.  

3. Netter FH. Atlas of Human Anatomy. 7th ed. Elsevier; 2018.  

4. Radiopaedia. Hip joint radiographic measurements. Available from: 

https://radiopaedia.org  

5. Moore KL, Dalley AF, Agur AMR. Clinically Oriented Anatomy. 8th ed. 

Wolters Kluwer; 2018.  

6. Balthazar EJ. Acute pancreatitis: Assessment of severity with CT. 

Radiology. 2002;223(3):603–613.  

7. Banks PA, Bollen TL, Dervenis C, et al. Classification of acute pancreatitis. 

Gut. 2013;62(1):102–111.  

8. Mortele KJ, Wiesner W, Intriere L, et al. CT severity index. AJR Am J 

Roentgenol. 2004;183(5):1261–1265.  

9. Kim YK, Kim CS, Han YM. Imaging findings of biliary pancreatitis. Clin 

Imaging. 2006;30(6):393–397.  

10. Soto JA, Alvarez O, Munera F, et al. Diagnosing biliary obstruction. 

Radiographics. 2000;20(2):353–366.  

11. Baron TH, Morgan DE. Acute necrotizing pancreatitis. N Engl J Med. 

1999;340:1412–1417.  

12. Whitcomb DC. Acute pancreatitis. N Engl J Med. 2006;354:2142–2150.  

13. Sahani DV, Kalva SP. Imaging the pancreas. Radiol Clin North Am. 

2004;42(6):1219–1235.  

14. Freeman ML. Gallstone pancreatitis pathophysiology. Gastroenterology. 

2001;120:S89–S96.  

15. Opie EL. Etiology of acute pancreatitis. Bull Johns Hopkins Hosp. 

1901;12:182–188.  

16. Acosta JM, Ledesma CL. Gallstone migration. Ann Surg. 

1974;180(4):487–492.  

17. Bradley EL. Classification of pancreatitis. Arch Surg. 1993;128(5):586–

590.  

https://biomedglobe.com/index.php/gibmr
https://radiopaedia.org/


Global Insights in Biomedical & Multidisciplinary Research (GIBMR)  
Volume 01, Issue 02, April-2026 
Available Online at: https://biomedglobe.com/index.php/gibmr 
ISSN (Online): 3054-5900 

143 | P a g e  

 

18. Bollen TL, Singh VK, Maurer R, et al. CT scoring systems. Radiology. 

2011;262(3):828–836.  

19. Tenner S, Baillie J, DeWitt J, Vege SS. Management of pancreatitis. Am J 

Gastroenterol. 2013;108(9):1400–1415.  

20. Yadav D, Lowenfels AB. Epidemiology of pancreatitis. Gastroenterology. 

2013;144(6):1252–1261.  

21. Englund M, Roos EM, Lohmander LS. Meniscal tears and function. 

Arthritis Rheum. 2003;48(8):2178–2187.  

22. Makris EA, Hadidi P, Athanasiou KA. Meniscus structure-function. Tissue 

Eng Part B Rev. 2011;17(5):309–319.  

23. Fox AJ, Wanivenhaus F, Burge AJ, et al. Human meniscus review. Knee 

Surg Sports Traumatol Arthrosc. 2015;23(1):4–16.  

24. Petersen W, Tillmann B. Collagen structure of meniscus. Anat Embryol. 

1998;197(4):317–324.  

25. Verdonk PC, Almqvist KF, Huysse W, et al. Meniscal transplantation. Am 

J Sports Med. 2005;33(6):877–889.  

26. Noble J, Hamblen DL. Meniscus pathology. J Bone Joint Surg Br. 

1975;57(2):180–186.  

27. Messner K, Gao J. Menisci anatomy. Anat Rec. 1998;252(4):609–617.  

28. De Smet AA, Graf BK. MRI meniscal tears. Radiology. 1994;189(3):709–

711.  

29. Mink JH, Levy T, Crues JV. Knee MRI evaluation. Radiology. 

1988;167(3):769–774.  

30. Crema MD, Roemer FW, Marra MD, et al. MRI degeneration. Radiology. 

2011;261(3):830–842.  

31. Pauli C, Grogan SP, Patil S, et al. Meniscus histopathology. J Orthop Res. 

2011;29(11):1692–1699.  

32. Englund M, Guermazi A, Gale D, et al. Incidental findings. N Engl J Med. 

2008;359:1108–1115.  

33. Berthiaume MJ, Raynauld JP, Martel-Pelletier J, et al. Tear progression. 

Ann Rheum Dis. 2005;64(4):556–563.  

34. Bhattacharyya T, Gale D, Dewire P, et al. Clinical importance. J Bone Joint 

Surg Am. 2003;85(1):4–9.  

35. Kijowski R, Blankenbaker DG, Davis KW, et al. MRI findings. AJR Am J 

Roentgenol. 2006;187(2):371–376.  

https://biomedglobe.com/index.php/gibmr


Global Insights in Biomedical & Multidisciplinary Research (GIBMR)  
Volume 01, Issue 02, April-2026 
Available Online at: https://biomedglobe.com/index.php/gibmr 
ISSN (Online): 3054-5900 

144 | P a g e  

 

36. Papalia R, Vasta S, Franceschi F, et al. Meniscal root tears. Br Med Bull. 

2013;106:91–115.  

37. Ahmed AM. Biomechanics of meniscus. J Biomech. 1983;16(7):555–567.  

38. Seedhom BB, Dowson D, Wright V. Meniscus function. J Bone Joint Surg 

Br. 1974;56(3):381–389.  

39. Sowers MR, Karvonen-Gutierrez CA. Estrogen and osteoarthritis. 

Menopause. 2010;17(4):765–770.  

40. Hunter DJ, Zhang YQ, Niu JB, et al. Meniscus and cartilage loss. Arthritis 

Rheum. 2006;54(3):795–801. 

 

https://biomedglobe.com/index.php/gibmr

