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ABSTRACT 

Background: Osteoarthritis (OA) is a progressively disabling joint disease caused by 

a pathological imbalance between degenerative and repair processes, for which there 

is currently no cure. It is one of leading causes of chronic disability. Patients affected 

by this disease experience pain and loss of function. OA can be caused by a variety of 

factors, including diet, injury, stress, and genetic abnormalities. However, the 

molecular mechanisms driving the disease onset and progression are not fully 

understood. Knowledge regarding changes of mucopolysaccharides (proteoglycans) in 

human osteoarthritis meniscus may help in understanding development of meniscal 

degeneration. Therefore, this study is undertaken to estimate a large number of human 

OA menisci for study of mucopolysaccharides and microscopical structural changes 

in osteoarthritic menisci by histochemical analysis of different parts of medial and 

lateral menisci of both legs.  

Objectives:  

1. To study the histochemistry of mucopolysaccharides in osteoarthritic menisci 

of a Human knee joint. 

2. To study the microscopic structure of menisci in osteoarthritic patients. 

3. To compare the age-related changes in histological structure and 

mucopolysaccharide changes in osteoarthritic menisci. 

Methodology: Medial and lateral osteoarthritic menisci were collected from 110 

human knee joints of both sexes.  Normal meniscal tissue from 8 months old male 

domesticated ruminant sheep was used as a control. Meniscal samples were stored in 

10% formalin for 3 to 5 days. For each meniscus, three separate parts (anterior, 
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middle, and posterior) were processed. The menisci were sectioned in two places 

vertically at 45º and 135º angles relative to the sagittal plane. After that, each part was 

sectioned along the horizontal plane from the inner border to the outer border. Then 

tissue samples were fixed in 10% buffered formalin for 24 hours. Tissue samples were 

brought in for routine tissue processing and studied for 10 different histochemical 

stains with a color intensity, to find mucopolysaccharides in OA menisci and with 

hematoxylin and eosin (H and E) to find surface integrity, cellularity, fibrous 

organization and collagen orientation, and mucoid degeneration.  

Descriptive statistics were used to generate histochemical scores. Further chi-square 

test was used to see the association. One-way ANOVA (F-test) was applied to test 

various parts of different stains staining intensity in medial and lateral OA menisci of 

both legs. Further, nonparametric method (chi‑square test) was used to see the 

association between the sides and OA. Significance was seen at 5% level. Analyses 

were performed using MS excel and SPSS version 22. 

Results: Decreased staining intensity for mucopolysaccharides (proteoglycans) was 

observed in different parts of medial and lateral OA menisci of both legs than control 

meniscus. A significant changes in level of mucins were observed at anterior, middle, 

and posterior parts of medial and lateral OA menisci of both legs. Tissue fibrillation 

and tears were first observed at the inner border, spread over time to the articular 

surface of the meniscus, and progressed to complete destruction or loss of meniscal 

tissue. Age-related changes in microscopical structure in osteoarthritic menisci of the 

medial and lateral menisci parts of both legs were observed and it was found that 

moderate (Grade 3) OA was higher in all 50-59, 60-69, and 70 + years of age groups. 
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Conclusion: In OA menisci, there was a significant loss of collagen and 

proteoglycan, indicating that these two substances are more actively involved in the 

degenerative process and the emergence of OA. According to test statistics used for 

various histochemical stains, the color intensity of various medial and lateral menisci 

parts with a side of the legs showed significant variation by F-test (p < 0.05). 

Additionally, the medial and lateral menisci were not significantly associated with 

each other in the chi-square test correlation of distinct histochemical stain intensities 

with a side of the legs. 

 Microscopical structure of OA menisci in both legs was significantly associated with 

posterior part of the medial menisci (P < 0.05), while the anterior and posterior parts 

of lateral menisci were significantly associated with OA menisci. 

 The alterations of the proteoglycans (glycosaminoglycans) in human OA menisci 

give information on the scientific evidence of the progressive nature of OA. Thus, this 

research will aid medical practitioners in the creation of medications with altered 

structural properties for the treatment of OA. 

Keywords: Histochemical; Mucopolysaccharides; Proteoglycans; Mucins; 

Osteoarthritic; Microscopical structural; Menisci; Human knee joint.   
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1. INTRODUCTION 

1.1 Background 

1.1.1 MENISCI 

The term "meniscus" is a diminutive of Greek word "meniskos," which means 

"crescent" and mene "moon".
1
 Menisci are intricate fibrocartilaginous tissues that are 

crucial for the knee joint's strength, shock absorption, load distribution, and articular 

cartilage protection. 
2
 

Each knee joint has two menisci: i.e. i) Medial meniscus and ii) Lateral meniscus. 

        

 

 

 

Figure 1: Medial (M) and lateral (L) meniscus tissue 

Medial meniscus: - is semicircular and noticeably wider in posterior than the anterior. 

Lateral meniscus: - is nearly round and roughly consistent in breadth from the 

anterior to the posterior. It is more mobile and takes up more of articular surface 

(80%) than medial meniscus (60%) does.
1
 

Between the eighth and tenth weeks of gestation, the lateral and medial 

menisci develop their distinctive shapes. They originate from the condensation of 

mesenchymal tissue in an intermediate layer. The rising menisci are densely cellular 

M L 
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and vascular. Menisci gradually lose some of their cellularity as the fetus develops, 

but their collagen content rises in a circumferential pattern. Just 10% to 30% of the 

peripheral tissues get blood flow by adulthood. With typically aligned knees, 

approximately 70% of the stress travels via medial tibiofemoral section whereas 30% 

through the lateral section.
3
 

The main components of extracellular matrix (ECM) are cells sandwiched by 

water (75%), DNA (0.12%), and collagen (22%). The remaining dry weight is made 

up of noncollagenous proteins and total glycosaminoglycans.
4
 

1.1.2   OSTEOARTHRITIS  

Pathological disparity between the deteriorating and healing procedures leads 

to osteoarthritis, usually referred to as ‘OA’ a degenerative joint disease. There is no 

doubt that the meniscus is essential to long-term health of knee and that it also 

contributes significantly to the intricate biomechanics of knee joint. Individuals at 

high threat of onset or progression of knee osteoarthritis have no known solution. This 

also includes those who have undergone incomplete or total meniscectomy or 

meniscal deterioration. It is characterized by alterations in the meniscus and 

subchondral (substance) bone as well as articular cartilage degeneration.
3
 

Osteoarthritis is one of the main factors in chronic disability. The disease 

primarily affects middle-aged and older persons and athletes, while it can sometimes 

afflict younger people due to trauma or overuse. Individuals who have this illness 

experience discomfort and functional loss.
5
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Many things, such as diet, trauma, strain, and genetic anomalies, might 

contribute to OA. Unfortunately, our knowledge of the molecular processes behind 

the disease's genesis and development is still limited. It is regarded as a primary 

infection of cartilage and is characterized by articular cartilage loss, joint space 

constriction, and subsequent alterations. The exact mechanism underlying the 

sickness is unknown despite extensive research on it. OA's etiology is still a mystery.
6
 

1.1.3 MUCOPOLYSACCHARIDES  

Other names for the mucopolysaccharides include mucins, 

glycosaminoglycans, and mucosubstance. As an alternative to the names already 

stated, the term glycoconjugates has been proposed.
7, 8

 

Long unbranched polysaccharides made up of repeated disaccharide 

components are known as mucopolysaccharides or glycosaminoglycans. An amino 

sugar (N-acetylglucosamine or N-acetylgalactosamine) and a uronic sugar (glucuronic 

acid or iduronic acid) or galactose make up the repeating unit, with the exception of 

keratan. Due to their strong polarity, mucopolysaccharides draw water. As a result, 

they serve as a lubricant or a shock absorber for the body.
9, 10

 

Mucopolysaccharides, glycosaminoglycans, and mucosubstance are other 

names for mucins. Glycoconjugates are now further separated into glycoproteins and 

proteoglycans.
7, 8, 11 

The word ‘mucin’ has a long history. Histochemically it is categorized into 2 types:-  

i) Epithelial mucin 

ii) Connective tissue mucin 
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Epithelial mucin is also referred to as mucins or mucosubstance, while 

connective tissue mucins are known as mucopolysaccharides or glycosaminoglycans. 

There are several categories for mucopolysaccharides: 

i) Neutral mucopolysaccharides lack a free acidic group and are made up of 

hexosamine and hexose units. 

ii) Acidic mucopolysaccharides consist of hexosamine associated with 

glucuronic acid, sialic acid, or sulfate radical. Acid mucins are further 

classified into Sialomucin and Sulphomucin depending on the sialic acid 

group or ester sulfate group.
12
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1.2 Review of Literature 

1.2.1 Review related to socio-demographic variables, 

Osteoarthritis by Gender and Age Groups 

Vina and Kwoh (2018) conducted cohort research to define radiographic OA 

deterioration by race and gender over and assess the impact of possibility variables. 

They examined a total of 1882 patients (786 males and 1096 females) between the 

ages of 45 and 79 year and discovered that 42% of men and 58% of women had an 

OA prevalence.
13

 

In a cross-sectional investigation, Moyer et al. (2015) quantified sex 

differences, examined connections between radiographic measurement and assessed 

sensitivity to medial and lateral joint area reduction (JAR). They examined a total of 

2123 individuals, 885 men and 1238 women, who were between the ages of 60 and 

65, and discovered that OA prevalence was 42% in males and 58% in women.
14

 

In patients with varus knee OA, femoral alignment and deformity were 

compared between the sexes. Mochizuki et al. (2017) conducted case-control 

research. They examined 214 patients (54 males and 160 females) between the ages of 

65 and 75 years and discovered that 25% males and 75% females had OA 

prevalence.
15

 

Osteoarthritis by religions 

From January to March 2007, in a study, Chokkhanchitchai S. et al. (2010) 

looked at how religious practice affected the prevalence of knee osteoarthritis in Thai 

individuals. They studied 2,599 people in total, from both Muslim and Buddhist 
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backgrounds, who were at least 50 years old. They found that the prevalence of OA 

was lower among Muslims than among Buddhists.
16

 

Jordan JM et al. (2007) deliberated a population-based education to examine 

reporting of current prevalence estimates of knee-related osteoarthritis (OA) effects in 

African Americans and Caucasians aged ≥ 45 years in North Carolina. 3,018 people 

participated in total. They discovered that compared to Caucasians, African 

Americans had a somewhat greater prevalence of knee OA symptoms.
17

 

Tangtrakulwanich et al. (2006) conducted a cross-sectional education to assess 

prevalence, trends, and possible reasons for knee osteoarthritis in Thai monks who 

resided in southern Thai temples. The study, which included 261 monks over the age 

of 60 from 85 temples, discovered that radiographic knee osteoarthritis is common 

among Thai monks and is more prevalent in the elderly, those who were older when 

they were ordained, and obese subgroups.
18 

Osteoarthritis by family history 

A population-based case-control research was carried out by Ding et al. 

(2005), to determine the heritability of knee cartilage defects in sibling pairs and to 

compare the variances in knee cartilage faults between themes who had undergone 

total knee replacement surgery for severe primary knee osteoarthritis (OA) and 

controls. Participants were 128 siblings from 51 relatives (115 sib-pairs) and 186 

matched pairs with a mean age of 45 years. They discovered that the participants have 

a greater possibility of getting OA from their ancestors. Families can pass this 

propensity down from one generation to the next, but the pattern of inheritance is 

unknown. Common cartilage defects in the knee may have a role in the genetic 
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etiology of osteoarthritis (OA) and involve a gene that is associated with the genetic 

basis of knee pain and bone density.
19

 

To ascertain how much environmental and inherited factors contribute to 

common forms of osteoarthritis of the hands and knees, Spector et al. (1996) 

conducted a classic twin research using unselected twins who existed radiographically 

tested for osteoarthritis. Via a national media campaign and recruitment from a 

London-based twin register, subjects, 130 matching and 120 non-matching female 

twins between the ages of 48 to 70 years were chosen. Principal outcome metrics 

radiographic alterations in the tibiofemoral joint of the knee that are similar in 

matching twin pairs compared to non-matching twin pairs expressed as intraclass 

correlations. They discovered that the intraclass correlations of Heberden's nodes and 

knee discomfort were stronger in same pairs, as were correlations of radiographic 

osteophytes and constriction at most sites.  

They disregarded recognized environmental or demographic confounders and 

Women's radiographic osteoarthritis of the knee has a known genetic component, with 

a genetic contribution ranging from 39–65%.
20 

In order to look into patterns of twin and family aggregation of osteoarthritis 

(OA) for frequently affected joints, Kujala et al. (1999) conducted the Finnish Twin 

Cohort study. They discovered disparities in the aggregation by joint as well as the 

twin and family aggregation of OA. Their study found that genetic effects explained a 

higher fraction of the heterogeneity in women's susceptibility to OA than did genetic 

effects for men, suggesting that sex and environmental factors may have different 

impacts on men and women depending on their gender. It is clear from their joint-
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specific data of OA that specifically affects the finger and knee joints are the best 

targets to recognize the role of genetics in development of OA.
21 

In a population-based longitudinal study, Ding et al. (2006) compared children 

whose parents had total knee replacement surgery for severe primary knee 

osteoarthritis to controls who had no such history to determine the differences in knee 

structure and non-knee structural traits. At baseline and roughly two years later, tests 

were conducted on 163 matched pairs (mean age 45 years). According to their study, 

the onset of knee OA is likely polygenic but represents a common environment 

because of knee cartilage injury, changes in cartilage loss, and lower physical 

performance in addition to hereditary factors. The authors' findings, which suggest 

that hereditary factors may be implicated in OA, found that independent of structural 

considerations, knee discomfort is more common in children with a family history of 

knee OA.
22 

Osteoarthritis by dietary habits 

Xu C et al. (2020) conducted prospective cohort study in clinical settings in 

Maryland to ascertain if food patterns identified by main constituents’ analysis 

(MCA) are related to the development of KOA. 2,757 people with a history of KOA 

(mean age 62 years) who had their baseline diet examined were monitored for 

approximately ≤ 72 months. Dietary patterns were developed using Western and 

sensible methods. They discovered that maintaining a prudent diet was linked to 

reduced advancement, but adhering to Western food was related to higher 

radiographic and symptomatic KOA development. A food high in fruits, vegetables, 

seafood, complete grains, and pulses may generally help persons with KOA slow the 

progression of their symptoms and radiographic illness.
23 
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To look into the potential link between soft drink consumption and the 

radiographic onset of knee osteoarthritis (OA), Lu B et al. (2013) conducted a 

prospective cohort study using data from the osteoarthritis initiative (OAI). 2,149 

patients with baseline dietary information and radiographic knee OA were followed 

up to 12, 24, 36, and 48 months. In order to assess the subjects, a baseline Block Short 

Food Frequency Questionnaire was used. They suggested that guys who regularly 

consume soft drinks may develop OA more quickly. 
24

 

Veronese N et al. (2018) conducted a longitudinal cohort study to determine 

whether higher adherence to mediterranean food is prospectively related to a lower 

threat of radiographic OA (ROA), radiographic characteristic knee OA (CxOA), and 

pain aggravation in North American individuals at high threat for or with knee OA. It 

was assessed using the five-category validated Mediterranean diet score (aMED). 

There were 4,330 participants (females made up 58.0%; mean age, 61.1 years). 

Through the course of a mean follow-up period of 4 years, participants with a 

higher adherence to mediterranean food reported a reduced threat of pain compared to 

(ROA), according to multivariable poisson regression analysis. Out of 2994 people 

who were CxOA-free at baseline, higher adherence to a mediterranean food were 

associated with 9% decreased risk for CxOA during follow-up. They discovered that 

higher adherence to the Mediterranean diet is associated with a decrease in knee OA 

symptoms and pain escalation.
25

 

Osteoarthritis by exercise 

Manninen P et al. (2001) used case-control study to examine the link between 

physical activity and the chance of developing severe knee osteoarthritis that requires 
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arthroplasty. In this study, males (n=55) and females (n=226) between the ages of 55 

and 75 had primary osteoarthritis knee replacement surgery at the Kuopio University 

Hospital. In the province of Kuopio, controls (n=524) were chosen at random from 

the general population. Exercise over a lifetime was evaluated in the past. Based on 

the mean (low/high) of the calculated cumulative exercise hours, two groups were 

created. They found that the likelihood of knee osteoarthritis requiring arthroplasty 

decreased with cumulative hours of leisure physical exercise. They arrived at the 

conclusion that moderate recreational physical exercise is associated with a lower risk 

of developing knee osteoarthritis.
26

 

According to the research of the authors (Lane N., 1996; Esser S., Bailey A., 

2011), participation in sports that regularly subjected normal joints to high levels of 

impact or torsional loading, as well as sports that could harm supporting tissues like 

ligaments, tendons, and menisci, all increased the risk of osteoarthritis (OA). Exercise 

really slows the progression of knee OA and is clearly effective in managing and 

treating the pain and functional loss brought on by OA. There is a tonne of proof 

showing light to moderate exercise does not cause or hasten the onset of knee OA. 

According to recent studies, regular mild to moderate physical activity has both 

preventive and therapeutic effects for people with knee OA.
27, 28

 

Osteoarthritis by ABO blood group type 

In a case-control study from 2020 by Li C. et al, the authors looked at the link 

between the ABO blood group and primary knee osteoarthritis, as well as the severity 

of the condition as determined by the Kellgren/Lawrence score and the 

histopathologic correlation in a subgroup of patients. Retrospective reviews of 

patients with primary knee osteoarthritis served as the case group, and a random 
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selection of healthy blood donors served as the control group. In total, there were 

30299 controls and 1126 cases. They discovered that the proportion of AB blood type 

was higher in the case group than in the control group (9.7% vs. 7.8%), and logistic 

regression showed that the AB blood type was a risk factor for primary knee 

osteoarthritis.
29

 

According to a case-control study carried out by Yaradilmis et al. in 2021 to 

evaluate the validity of the association between primary knee osteoarthritis and the 

ABO blood group system in the Turkish population, the ABO blood group system 

may be a risk factor for early-onset knee osteoarthritis or revision surgery. Between 

2011 and 2019, 2752 patients' records who had knee arthroplasty surgery in the clinic 

were analyzed. 2436 patients with primary knee osteoarthritis (PKO) underwent total 

knee arthroplasty (TKA) surgery, while 206 individuals underwent revision knee 

arthroplasty (RKA). The PKO group was found to have an 8:1 female-to-male ratio 

and an average age of 67.28 years. The blood type with the highest correlation to 

osteoarthritis was Group A (p 0.001). The relationship in Group AB was significant 

but thin (p=0.002). Compared to the PKO group, Group A underwent revision knee 

arthroplasty (RKA) at a statistically significantly higher rate.
30

 

In order to determine whether there is a link between primary hip 

osteoarthrosis and ABO blood groups, Lourie JA (1983) conducted a study. The study 

sample included 341 individuals with primary OA of the hip who were of both sexes 

and between the ages of 39 and 86. According to the author, there is a 

significant group O deficiency among arthritis patients when associated to a control 

set of blood donors from same region.
31
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Choi and Pai (2004) examined whether the prevalence of osteoporosis varied 

noticeably according to ABO blood types in one study. They evaluated 227 

postmenopausal women's anthropometric characteristics, body composition, and bone 

mineral density (BMD). They ultimately came to the conclusion that there is a strong 

correlation between postmenopausal women's ABO blood group status and the 

prevalence of osteoporosis. The women with blood type AB displayed the lowest BMDs 

in the proximal femur and lumbar spine among the ABO blood groups.
32 

1.2.2 Review related to Microscopical structure changes of menisci in Osteoarthritis 

Animals models 

Fetouh and Eman (2008) conducted a study to see how rabbits' aging affected the 

structural alterations in their knee menisci. Three sets of Egyptian rabbits, aged a month, 

six months, and two years, were utilized (3-4 rabbits for each). At one month of age, they 

discovered that the chondrocytes were less compressed and that there were plenty of 

collagen fibrils in the general matrix in addition to a modest quantity of territorial 

matrix. The chondrocytes revealed cytoplasmic basophilic and a small number of 

intracytoplasmic collagen fibrils at 6 months of development. Collagen fibrils were 

condensed in the matrix, and filaments, fibrils, and protein-polysaccharide particles were 

found in abundance in the territorial matrix. The chondrocytes also showed a significant 

shrinkage and size reduction at the age of 2 years. Collagen fibrils with a noticeable 

range in fibril diameter were discovered in the matrix. Calcium deposits that are 

electron-dense have partially taken the place of the territorial matrix. They concluded 

that the anatomy of the menisci in the knee joint is significantly influenced by age, 

making them more vulnerable to injury as people age.
33
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To determine the relationship between pathological meniscus alterations in OA 

knees, Zhao et al. (2014) conducted a study. They included female Chinese rabbits aged 

20 months who either underwent sham procedures on one knee at random or knee-

damaging operations using the articular cartilage scratch technique. They came to the 

conclusion that changes in the biomechanical and biochemical ecology around the 

meniscus are altered when OA occurs. OA would be more severe if the meniscus 

displayed signs of degeneration, subluxation, and dysfunction.
34 

Hellio et al. (2001) examined the medial and lateral menisci from the knees of 

rabbits with anterior cruciate ligament (ACL) operations to determine changes that 

occurred throughout the early stages of OA development. They used histology and 

immunohistochemistry on the meniscal tissues obtained from control and 

experimental rabbits to study the structure and makeup of the matrix. Their results 

demonstrated that extracellular matrix deposition, altered matrix architecture, and 

altered cell distribution occur early in the medial meniscus after ACL transection.
34

 

The authors in part II examined the changes in the medial and lateral menisci from the 

knees of rabbits with transected ACLs at 3 and 8 weeks following surgery. Reverse 

transcriptase-polymerase chain reaction (RT-PCR) and molecular examinations of 

rabbit meniscal tissues, particularly the medial meniscus, showed that extensive 

molecular modifications, including death, take place early after ACL transection.
35, 36

 

In 1987, Cheung HS published a study on the distribution of collagen types I, 

II, III, and V in pepsin-solubilized bovine menisci. IM makes up about 10% of the wet 

weight of the entire meniscus and is composed of 70% collagen, of which 34% is 

pepsin soluble, 60% type II, and 40% type I collagen. He was examined for 1/3 of the 

inner menisci (IM) and 2/3 of the outer menisci (OM) of both the lateral and medial 
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menisci. Collagen makes up 80% of OM, and 17% of it is pepsin soluble. Type I 

collagen predominates, with traces of types III and V.
37

 

Shapiro & Glimcher carried out a study in 1980 on the induction of 

osteoarthrosis in rabbit knee joints. Due to medial meniscectomy and emergence of 

"bucket-handle" lesions of the medial meniscus, mature rabbits' knee joints exhibit 

mild to moderate osteoarthritis changes. Gross examination and histological sections 

were used to study the osteoarthritic lesions. According to their findings, the 

pathologic changes start at the surface and progress to deeper layers. These alterations 

include peripheral osteophytes, peripheral cloning, hypocellularity, loss of cartilage 

shine, structural abnormalities in the matrix, and decreased glycosaminoglycan levels. 

In healthy persons, the menisci are regularly injured, and the torn or lost 

fragments may be enough to compromise knee function that a partial or complete 

meniscectomy is required. Yet, experimental data suggests that even normal menisci 

removal can result in osteoarthrosis of knee.
38

 

In a 2005 study, Melrose et al. immunolocalized perlecan in meniscal tissues 

and demonstrated how its localization in the ovine meniscus in relation to aggrecan 

and type I, II, and IV collagen varied with aging. They found that the middle and 

inner meniscal zones contained perlecan, which is expressed by cells with an oval or 

rounded shape. Almost little perlecan, other from tiny blood vessels were visible in 

the peripheral outer meniscal zones. All meniscal zones had a high concentration of 

type I collagen, the inner meniscal zone was home to type II collagen, and blood 

vessels were strongly associated with type IV collagen. Eventually, they came to the 

conclusion that this composite fibrocartilaginous tissue's key weight-bearing qualities 
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are provided by proteoglycans rather than the meniscus' complicated arrangement of 

collagen fibers.
39

 

Research on the morphology of rabbit semilunar cartilages under light and 

transmission electron microscopes was conducted by Ghadially et al. in 1978. Four 6- 

to 8-month-old rabbits of each sex were utilized. They found that the tissue's cells are 

more similar to chondrocytes than fibroblasts, and collagen fibrils are contained 

within smooth membrane-bound tubular structures, evidently inside cells, using 

transmission electron microscopy on tissue from the contralateral knee of each 

animal. The main component of the menisci were collagen fibrils, which formed 

fibers, fiber bundles, and lamellae. The interfibrillar matrix and thin regional matrix 

next to chondrocytes both included protein-polysaccharide particles. Among the 

collagen fibrils in the general matrix were many juvenile elastic fibrils.  A few adult 

elastic fibers were also found.
40

 

The canine menisci's structural makeup, biosynthetic activity, and material 

characteristics were assessed in a 1988 study by Arnoczky et al. The menisci were 

cryopreserved using a controlled rate freezing method after being incubated in 4% 

solution of dimethyl sulfoxide in a physiological medium. Then kept in liquid 

nitrogen for a range of times, from 0 to 12 weeks (-196 degrees C). Also, properties of 

cryopreservation procedure on meniscal tissue's flexible strength and modulus were 

evaluated. A biosynthetic activity, Although cryopreservation and short-term storage 

did not appear to influence the morphological appearance or biomechanical character 

of the menisci, autoradiography analysis of these tissues revealed that only around 

10% of the meniscal cells were metabolically active. The level of overall metabolic 

activity decreased over the course of storage.
41
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As degeneration was taking place, López-Franco and Gómez-Barrena (2018) 

evaluated and emphasized alterations in the meniscal cells and matrix. Differential 

meniscal anatomy and metabolism in the degenerative knee were examined using 

both surgical specimens and experimental animal models. They found that menisci 

were connected to extracellular matrix disturbance, variations in collagen and non-

collagen protein synthesis, and expression, in addition to knee degradation and cell 

population loss. These alterations were distinct from those brought on by aging and 

were thought to be disease-specific.
42

 

Wildey et al. (2001) investigated how meniscus cells respond to joint damage 

in the early phases of post-traumatic osteoarthritis by finding the changes in matrix 

gene expression in menisci. In this study, which employed dogs three and twelve 

weeks following surgery, the anterior cruciate ligament (ACL) was torn in one joint 

while the other unoperated joint served as a control. Absolute amounts of mRNA for 

the COL1A1 gene, which produces type 1 collagen, major fibrillar collagen of the 

meniscus, and the COL6A3 gene, which produces type VI collagen, an important 

repair molecule, were measured using a quantitative ribonuclease (RNase) protection 

test. They discovered that the concentration of total RNA in medial and lateral 

menisci increased from 40 to 60 microns RNA/g wet wt. in unoperated, normal joints 

to 200-350 microns RNA/g wet wt. in ACL-deficient joints. The DNA concentration 

showed no significant variations. Low quantities of COL1A1 and COL6A3 mRNA 

transcripts were identified in normal menisci. ACL deficiency led to elevations in 

COL1A1 and COL6A3 mRNA concentration of 20–38 fold at 3 weeks and 11–19 fold 

at 12 weeks following surgery in the medial menisci but not in the lateral menisci.
43
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Gigante et al. (1994) examined the distribution and histochemical properties of 

elastic fibers in the knees of newborn, young, adult, and old New Zealand white 

rabbits. Growing rabbits have elastic fibres, notably oxytalan fibers, which are 

consistently distributed in tendons, ligaments, and menisci as well as plentiful in the 

perichondrium and the fibrous layer of the periosteum. The epiphyseal cartilage, 

growth plate, and location at the enthesis are devoid of them. In mature rabbits, elastic 

fibers are abundant in the peritenon, periosteum, perimysium, synovial membrane, 

articular capsule, and perivascular connective tissue. At last, they discovered that the 

type of elastic fiber in different tissues varies with age; young animals contain more 

oxytalan fibers than adult animals. As a result, it can be inferred that the distribution 

of elastic fibers is likely connected to the diverse functional roles and biomechanical 

characteristics of each tissue.
44

 

In a 2005 study, Kambic and McDevitt examined the distribution of type II 

collagen in canine meniscus and its spatial relationship to type I collagen using 

immunohistochemistry and confocal microscopy. Ten skeletally mature dogs 

weighing about 25 kg each had medial and lateral menisci from their knee joints 

predigested with Streptomyces hyaluronate lyase and bacterial protease enzyme 

XXIV. They employed anti-type II collagen polyclonal antibody (AB759), type I and 

type II collagen monoclonal antibodies (CP17L and II-IIBB3, respectively). They 

found that the fibrocartilage of the meniscus was stained as a neat network of type II 

collagen. The only part of the meniscus devoid of type II collagen is the outer zone 

that houses the blood vessels. Coronal and dorsal staining revealed bundles of type I 

circumferential fibrils localizing with type II collagen in the meniscus. Confocal 

overlays showed a superimposition of types I and II collagens and confinement of 

cells to types I and II collagen fibrils that surrounded the bundles. The radial tie 
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fibers were composed of patches of localized type II collagen. They eventually 

discovered that meniscus's fibrocartilage has a distinct type II collagen network that 

serves to distinguish fibro- and hyaline cartilage morphologically.
45

 

Liang et al. (2020) used a rabbit anterior cruciate ligament transection model 

to perform the study to clarify micro biomechanical features of meniscus following 

degeneration and to look at corresponding macroscale histology and chemical 

composition. Twenty white bunnies were used. Menisci were taken from the knee 

joints of both the corresponding control groups and those that had undergone ACLT 

four and eight weeks earlier. Atomic force microscopy (AFM), histology, and an 

energy-dispersive spectrometer were used to explore the core regions of medial and 

lateral menisci. When compared to intact meniscus, they found that 4 weeks following 

surgery, the dynamic elastic modulus at the micro level considerably increased at both 

the top and bottom layers (P = 0.021). All locations experienced stiffness at 8 weeks 

following surgery (P = 0.030). The medial meniscus showed a larger alteration than 

lateral meniscus. All of these minute biomechanical changes took place before 

macroscale histological findings. After degeneration, GAG content increased 

according to histological analysis; 4 weeks after ACLT, however, there was no 

noticeable change in GAG content.
46

 

In mice joints after medial meniscus (DMM) destabilisation, Huang et al. 

(2017) examined how age effects cartilage and subchondral bone modifications used 

to assess disease-modifying OA. DMM was administered to male C57BL/6 mice at 

ages of 4, 12, and 19+ and to females at ages of 12 and 18+. Contralateral knees that 

had had surgery and those that had not were harvested two months after the operation 

and assessed using cartilage histology scores, a CT scan, and measurements of 
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osteophyte production and subchondral bone plate thickness. In comparison to 4 M 

males, 12 M, and 19 M+ male mice had larger subchondral bone plates and greater 

cartilage erosions after DMM. Age-related increases in osteophyte size were seen, 

although the 19 M+ groups had considerably greater bone volume fractions. 

Additionally, 12 M females had milder OA than males, as evidenced by reduced 

osteophytes, subchondral bone plate sclerosis, and cartilage degradation.
47

  

In a study by Ribitsch I. et al. (2018), arrangement and organization of equine 

knee meniscus were examined in connection to putative location-precise 

biomechanical features as well as site and age-specific differences. A histological 

investigation was done into the meniscus architecture. The menisci's stiffness, shore 

stiffness, and vitality loss were all assessed by biomechanical testing. The tibial 

meniscus surface was shown to have a generally greater SH than the surrounding 

bone, and the SH increased with aging. There were no significant site- or age-related 

variations in stiffness or energy loss. Finally, they suggested that, as was previously 

hypothesized for human menisci, superficial meniscus layer (SL) might contribute 

to meniscus SH and may be essential for meniscus function. The histologic 

architecture of equine SL is comparable to that of human menisci. The SH of horse 

menisci varies depending on both age and site-specific parameters, with a generally 

greater SH of the tibial surface and an increase in SH with age. During the gross 

mechanical testing, whole menisci showed no discernible changes in stiffness or 

energy loss, independent of location or age.
48

 

Humans study 

In 2012, Sun Y et al. reviewed the study to examine collagen and proteoglycan 

modifications in menisci of individuals with osteoarthritis.  Meniscal samples were 
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obtained from eight consecutive unselected OA patients who received complete joint 

replacement surgery and three osteosarcoma patients who underwent lower limb 

amputation surgery. These tissues were surgical trash, after all. Collagens were 

examined using picrosirius red, hematoxylin, and eosin. Types I and II of collagen and 

aggrecan were assessed using immunochemistry. Their results showed that OA 

menisci had significant collagen loss, particularly in intermediate and inner sections, 

and that the collagen linkages were less organized than in normal menisci. 

Immunohistochemistry revealed co-localization of type I and type II collagens and 

suggested that decrease of type I collagen in OA menisci was more pronounced in 

middle and deep regions than in surface regions. But in all three zones, there was a 

significant reduction of type II collagen. Moreover, the OA menisci showed increased 

aggrecan staining. They came to the conclusion that these findings collectively show 

that OA menisci exhibit substantial collagen loss, intrameniscal degeneration, and 

extracellular matrix degeneration.
49

 

Under the assumption that patient age is a predictor of the recovery of 

meniscus tissue, Senan, V. et al. (2011) conducted a prospective study on the 

histological characteristics of meniscal injury. Thirty patients' torn menisci were 

collected, and ten control menisci were conducted. To assess tissue healing, the 

histologic scoring system was employed. Patients over 40 showed significantly less 

meniscus cells than those under 40, which meant that age had a significant impact on 

a patient's capacity to mend a meniscus. They came to the conclusion that older 

patients' menisci may be more susceptible to degeneration and re-tear after repair than 

are menisci from younger patients.
50 
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DeHaven et al. (1995) study set out to document long-term clinical and 

radiological results of open meniscal repair. This study evaluated 33 open repairs on 

30 consecutive patients. A typical follow-up time of 10.9 years was used. There 

weren't any lost patients to find. They found seven confirmed meniscal tears (21%). 

Three of the 21 acute repairs (14%) re-tore, compared to four of the 12 chronic repairs 

(33%). Standing radiographs in compartments with successful repairs revealed no 

degenerative changes in 22 of 26 (85%), compared to 3 of 7 (43%) compartments 

with re-torn menisci. The long-term survival rate of repaired menisci was revealed to 

be 79 percent, unstable knees saw greater rates of re-tear, and radiographs provided 

evidence of biomechanical function of effective meniscal repairs.
51

 

Pauli C. et al. presented the research in 2011. Its goals were to (1) establish 

standardized protocols for representative macroscopic and microscopic research, (2) 

improve the scoring techniques, that were being used then (3) deploy them on a 

sizable number of human menisci. They used 107 human knees for this investigation, 

cutting central region, anterior and posterior horns, of medial and lateral menisci in 

two distinct planes (cross and horizontal) sections as well. Each segment's surface 

integrity, cellularity, matrix/fiber organization, collagen alignment, and Safranin-O 

staining intensity were all graded. The most notable age-related changes they saw in 

menisci in joints without or with mild OA included increased Safranin-O staining 

intensity, decreased cell density, the creation of acellular zones, and evidence of 

mucoid degeneration with some loss of collagen fiber structure. Menisci from OA 

joints exhibited calcification, widespread fraying, fissures, and significant 

fibrocartilaginous separation of the matrix. Reduced cellularity, generalized 

hypercellularity combined with cellular hypertrophy, and aberrant cell clusters were 
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examples of atypical cell configurations. In general, OA and aging had less of an 

impact on anterior horns of medial and lateral menisci.
52

 

Menisci feature three collagen fiber layers that are particularly arranged, 

according to Bullough PG. et al. (1970), to transform compressive loads into 

circumferential or "hoop" stresses. Radially organized fibers that serve as ‘ties’ to 

prevent shearing or splitting are seen in the topmost layer. To endure hoop stress 

during weight bearing, the middle layer's fibers are arranged parallel or 

circumferentially. The collagen fibres are arranged in a thick layer and are parallel to 

the edge. Researchers found that collagen fibers organized themselves in a parallel 

way in majority of locations to form thick collagen bundles, which may be observed 

lengthwise or in cross-section. It appears that the radial fibers’ job is to prevent 

longitudinal cracks from forming in the tissue as a result of too much compression.
53

 

According to Englund M. et al. (2012), osteoarthritis is one of the top ten 

primary causes of disease burden in high-income countries and most common cause 

of musculoskeletal disability in underdeveloped countries. Knee deterioration and 

functional failure are possible outcomes of slow-moving knee OA. Aching, restricted 

movement and pain are most typical symptoms, and these frequently lead to 

weakened joints and incapacity.
54

 

Clark and Ogden (1983) analyzed prenatal and postnatal cadaver knees to 

comprehend the developmental changes that occur in the menisci prior to skeletal 

maturity. The medial and lateral menisci were extracted from 109 fetuses with 

gestational ages between 14 and 34 weeks and 28 cadavers with postnatal ages 

ranging from 3 months to 14 years. It involves analyzing the general morphology, 

determining the ratios of medial to lateral menisci's area to that of their respective 
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tibial plateaus, and histologically inspecting the menisci and ligaments. They found 

that early in fetal development, both medial and lateral menisci evolved into their 

separate forms, but there were also incremental modifications, including a decline in 

the vascularity of the developing meniscus' central to peripheral margins and its 

biochemical makeup, which is responsible for its resistance to injury. They came to 

the conclusion that the developing menisci might be more capable of healing than the 

mature menisci.
55

 

In order to compare samples from end-stage osteoarthritis (OA) with healthy 

standards, Kestila et al. (2019) devised and carried out ex vivo 3D imaging of 

meniscus posterior horn microstructure using micro-computed tomography. In this 

study, human medial and lateral menisci from ten deceased donors without knee OA 

and ten patients who underwent complete knee replacement surgery for medial 

compartment OA were both employed. They discovered that traditional histology and 

3D visualization with CT qualitatively indicated comparable microstructural 

alterations in the posterior spines. In comparison to medial reference menisci and 

lateral menisci from OA knees, medial menisci from OA knees showed a higher mean 

histopathological score. Both the lateral menisci from OA knees and the medial and 

lateral comparison menisci had similar ratings. Lastly, they found that a special 3D 

visualization of meniscus microstructures is possible using a CT procedure based on 

hexamethyldisilazane (HMDS). The posterior horns of medial menisci from medial 

compartment OA knees had greater histopathological results than both the lateral 

posterior horns from the same OA knees and medial reference menisci, suggesting a 

strong association among meniscus degeneration and unicompartmental knee OA.
56
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In order to comprehend structural alterations, Battistelli et al. (2019) compared 

the complicated geometry, meniscus has a different ultrastructure and tissue 

composition in both healthy and pathological conditions. They examined meniscus 

samples taken from three healthy multi-organ donors, five patients who had suffered 

traumatic meniscal tears, and three patients who were having total knee replacements 

for last-phase osteoarthritis; their ages ranged from 66 to 72 years on average. 

Electron microscopy and histology to examine extracellular matrix's organization, 

existence and distribution of calcified areas, and alterations to cellular organization 

and structure. Researchers discovered that individuals with late-stage OA and 

traumatic meniscus tears had similar ECM structures, with increased proteoglycan 

concentration and collagen fiber disarray. Organelles were well-preserved and 

dispersed chromatin was the predominant feature of healthy menisci cells. 

Additionally, traumatic and OA menisci displayed elevated chromatin condensation, 

organelle breakdown, and cytoplasmic vacuolization, some of which contained signs 

of lysosomal vacuoles. Together with apoptotic-identical characteristics, areas of 

calcification were also seen. These features were more noticeable in samples of severe 

meniscal tears. Conclude that acute meniscal injury patients' meniscal tissue exhibits 

pathological changes that are typical of older individuals having TKR.
57

 

For the purpose of examining articular cartilage tissue under typical, 

pathological, and experimental circumstances, Musumeci G. et al. (2014) reviewed 

and discussed the merits and drawbacks of conventional histochemical techniques. 

They demonstrated how histological and immunohistochemical factors underlie 

current knowledge of cartilage tissue and came to the view that adult articular 

cartilage has very little ability to repair its own, meaning even slight trauma may 
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result in progressive damage and osteoarthritic joint degeneration, causing significant 

pain and disfunction.
58

 

According to Verdonk PC. et al. (2005), little investigations have been done on 

the biology of the human meniscus cell. The objective of this work is to assess human 

meniscus cell survival and proliferation in diverse growing environments, as well as 

extracellular matrix that these cells make in these artificial habitats. From visibly 

intact lateral and medial knee menisci, human meniscus cells were enzymatically 

extracted for this study. Hoechst 33258 dye was used to measure cell proliferation 

after cells were grown in monolayer or alginate gel conditions. They discovered that 

monolayer cultivated meniscus cells had a cell-associated matrix (CAM) made up 

primarily of type I and type II collagen and very little aggrecan. On the other hand, 

meniscus cells grown in alginate produced a CAM rich in aggrecan, with low levels 

of type II collagen and large levels of type I collagen. CD44+CD105+CD34-CD31- 

describes this group. Contrarily, a small cell population in the alginate culture was 

primarily CD34+ and did not collect ECM. In monolayer culture conditions, meniscus 

cells multiply more rapidly. In the alginate culture, cell counts marginally decline. It 

was concluded that different cell types can be distinguished from one another in the 

human meniscus by a distinctive CAM composition and membrane marker 

expression. When phenotypically stable articular cartilage chondrocytes are grown in 

the same alginate matrix, their CAM composition differs noticeably from this one.
59
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1.2.3 Histochemistry of mucopolysaccharides in Osteoarthritic menisci  

Animals model 

A study on the metabolism of glycosaminoglycans in experimental 

osteoarthritis brought on by immobilizing the rabbit knee in extension was conducted 

by Videman et al. in 1979. Right knees were examined in 18 rabbits older than 9 

months. Following immobilization for 2, 6, 10, 17, 30, and 87 days, samples of the 

medial meniscus, medial collateral ligament of the knee, and hip joint capsule were 

collected and analyzed. Control tissue was taken from the mobile left leg. 

Hexosamine and uronic acid measurements were utilized to assess the tissue 

quantities of glycosaminoglycans after purification and previous papain proteolysis. 

The rate of synthesis of sulfated glycosaminoglycans was measured by measuring the 

absorption of 35S-sulphate (DPM/pg hexosamine). In comparison to controls, they 

found that samples from immobilized joints had significantly higher tissue content of 

hexosamine and uronic acid in meniscus. Ultimately, in both early and late 

immobilization osteoarthritis, they discovered that production rate and content of 

glycosaminoglycans increased in all tissues.
60

 

In a 1998 study, Djurasovic et al. looked at how joint immobilization affected 

expression of aggrecan gene in meniscus. Animals had the front and posterior sections 

of their medial and lateral menisci surgically removed at 4 weeks. Following their 

inquiry, they found that menisci from immobilized knees had decreased aggrecan 

gene expression as seen by quantitative PCR analysis. They ultimately came to the 

conclusion that joint immobilization can considerably influence meniscal cellular 

activity and composition, which can subsequently potentially affect meniscal 
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function. With immobilization, the meniscus composition was likewise shown to have 

less proteoglycan and more water.
61

 

Adams ME et al. in 1983 looked at meniscal glycosaminoglycans in both 

artificial and real osteoarthritis. In their investigation, after tearing the anterior 

cruciate ligament in one knee to cause osteoarthritis, 5-7-year-old beagles had their 

menisci evaluated at various points. The unoperated knee was used for the control. 

They discovered that operated joint showed signs of inflammation within the first 

month of osteoarthritis induction. The glycosaminoglycan content decreased and the 

water content increased after one week. The amount of hyaluronic acid did not alter 

consistently, However, keratan sulfate decreased in quantity more than chondroitin 

sulfate. The corresponding levels of chondroitin sulfate, chondroitin sulfate-4, and 

chondroitin sulfate-6 all remained unchanged. The levels of glycosaminoglycan 

returned to normal after 3 to 18 months, and they were high after 15 to 18 months.
62

 

To lay the groundwork for upcoming research on the modifications to 

glycosaminoglycans in experimental osteoarthritis, Adams and Muir (1981) examined 

the content and composition of glycosaminoglycans in several locations of normal 

canine menisci. Both sexes of five foxhounds between the ages of 7-9 were employed. 

One of them had moderate to severe osteoarthritis in one knee, and the other had mild. 

The study did not include the osteoarthritic joints in either case. They discovered that 

compared to the articular cartilage of these animals, the menisci contained nearly 

eight times as much glycosaminoglycan and 10% less water. Despite the fact that the 

glycosaminoglycan composition was the same throughout the menisci, the overall 

quantities varied greatly. Chondroitinase can digest chondroitin 6-sulfate, chondroitin 
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4-sulfate, 25% chondroitin, 10% chondroitin, and 5% dermatan sulphate, in that order. 

Hyaluronic acid made up approximately 6% of all uronic acid.
63

 

In order to identify noncollagenous proteins of the menisci, Fife RS (1985) 

conducted a study. 7 mature, healthy mongrel dogs were killed with a sodium 

pentothal overdose, and their medial and lateral menisci were removed from both 

knees. Several noncollagenous proteins and meniscal cartilage were isolated with 4 M 

guanidinium chloride, such as a 116,000-Da component protein and link proteins. 

They found that protein extracted from the meniscal cartilage comprises 3.8% of the 

116,000-Da subunit protein. They ultimately came to a decision that these matrix 

proteins comprise 116-kDa proteins with unidentified roles and link proteins that 

stabilize proteoglycan hyaluronic acid aggregates. High-buoyant-density 

proteoglycans settle near the bottom of an associative cesium chloride density range, 

where the link proteins also settle. This protein appears to be a disulfide-bonded 

complex with a high molecular weight that is embedded in a matrix.
64

 

Sanchez-Adams et al. (2011) investigated the material properties of the inner, 

middle, and outer meniscus to understand structure-function relations in the knee 

meniscus using compressive and tensile mechanics. In this investigation, medial 

menisci from 2-week-old bovine knees were used. Chondroitinase ABC (CABC) is 

used to remove GAGs from each meniscus region before comparing the material 

properties of reduction and control samples. Different geographic effects of the GAG 

reduction on the material characteristics of the meniscus are anticipated. Compressive 

experiments revealed that GAG deficiency drastically reduced the relaxation modulus 

in inner and middle meniscus areas decreases, respectively, as well as viscosity 

significantly decreased in all locations. The outer and middle meniscus specimens' 
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tensile characteristics were unchanged by CABC treatment, whereas the inner 

meniscus showed a considerable increase following GAG depletion. There was an 

increase in Young's modulus and ultimate tensile stress. Their findings demonstrate 

that GAGs enhance tissue resistance to compressive stresses in middle and inner 

meniscus, where GAGs are most numerous while increasing tissue viscosity in outer 

meniscus. The presence of GAGs in inner meniscus also contributes to a reduction 

in circumferential tensile properties of tissue, possibly as a result of pre-stress on 

collagen network caused by the ECM's increased hydration.
65

 

In a 2015 study, Levillain et al. looked at initial biomechanical changes of the 

menisci during the onset of osteoarthritis (OA) and related them to chemical 

composition and matrix modification. Collagen fibre architecture and pathological 

changes in glycosaminoglycan (GAG) content have drawn the most interest. The 

menisci (n = 24) were removed 6 weeks after anterior cruciate ligament transection 

surgery (ACLT) on rabbit knee joints. The anterior and posterior regions of medial 

and lateral menisci were separately identified using indentation tests, Raman 

microspectroscopy, bi-photonic confocal microscopy, and histology. They observed 

mechanical and matrix alterations in medial and lateral menisci. In operated menisci 

compared to opposite menisci, microstructural investigations revealed less compact 

and organized collagen bundles, as well as a reduction of fiber tension. Mechanical 

properties significantly decreased in OA menisci. In OA menisci, particularly in 

damaged regions, GAG content was higher. Eventually, it was determined that ACLT 

caused the collagen framework to become disorganized at the initial stages of the 

development of OA, which reduced the menisci's mechanical resistance. This 

degradation results in an increase in GAG content.
66
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Cook et al. (2018) conducted a study to ascertain the possible mechanisms of 

action for meniscal destruction in reaction to joint discomfort and the potential 

functions of the meniscus in the initial stages and progression of osteoarthritis. Nitric 

oxide, matrix metalloproteinase generation and action, and related cytokine 

production were expected to increase significantly after interleukin-1 (IL-1) 

stimulation of meniscal explants in their investigation. Canine meniscal explants (4 

mm) were cultured for 21 days with (IL-1) or without (negative control (n = 6/group) 

and analyzed for MMP activity, ADAMTS-4 activity, MMP-1, MMP-2, MMP-3, 

MMP-9, MMP-13, NO, prostaglandin E2 (PGE2), IL-6, IL-8, monocyte chemotactic 

protein-1 (MCP-1), and keratinocyte-derived chemokine (KC) concentrations. When 

compared to the NC group, the GAG content was shown to be considerably lower in 

the IL-1 group. In conclusion, proinflammatory mediators appear to directly affect the 

degenerative processes of the meniscus, which in turn contribute to the beginning and 

progression of OA.
67

 

In a 2017 investigation, Levillain et al. evaluated the impact of early 

osteoarthritis (OA) on the viscoelastic characteristics of rabbit menisci and connected 

the mechanical changes to the microstructural abnormalities. In their investigation, the 

anterior cruciate ligament was severed in six male rabbits with right knee joints. Six 

normal rabbits served as controls. Menisci were removed and macroscopically 

examined 6 weeks following ACLT. The anterior and posterior parts of medial 

menisci underwent indentation-relaxation testing. By using biphotonic confocal 

microscopy and histology to analyse the collagen fibre structure and 

glycosaminoglycan (GAG) content, it was shown that OA brought on by ACLT has a 

significant impact on the surface integrity of rabbit menisci on both macroscopic and 

microscopic level. Reduced GAG content in the anterior area changed how the 
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circumferential collagen bundles slipped past one another. This alteration to the 

microstructure resulted in a significant reduction in the OA menisci's stiffness and a 

loss of elasticity in the posterior region. They came to the conclusion that early on in 

the formation of OA, all of these mechanical and microstructural alterations took 

place.
68

 

Otsuki S. et al. (2010) undertook an experiment to determine how Sulfs 

influence articular cartilage homeostasis and regulate bone morphogenetic protein 

(BMP)/Smad and fibroblast growth factor (FGF)/Erk signaling. In order to compare 

spontaneous cartilage degeneration in Sulf-1/ and Sulf-2/ mice on C57BL/6 to wild-

type mice, safranin O staining was utilized in this investigation. They discovered that 

Sulf-1 and Sulf-2 mice developed far more significant spontaneous cartilage 

deterioration and surgically induced OA than wild-type mice. Col2a1 and aggrecan 

were decreased whereas MMP-13, ADAMTS-5, and the BMP antagonist noggin were 

increased in chondrocytes and cartilage from Sulf-1/Sulf-2 mice. Sulf-1/Sulf-2 mice 

had lower Smad1 protein expression and Smad1/5 phosphorylation, but enhanced 

phosphorylation of Erk1/2 in articular cartilage and cultured chondrocytes. Sulfs 

siRNA decreased Smad phosphorylation in human chondrocytes but increased FGF-2-

induced Erk1/2 signalling. They concluded that Sulfs could preserve cartilage 

homeostasis by simultaneously enhancing BMP and inhibiting FGF signalling in 

chondrocytes. In OA, methods to correct aberrant Sulf expression may help to prevent 

cartilage deterioration and encourage cartilage healing.
69

 

Stone AV et al. (2015) proposed the theory that degenerative menisci from 

older adult vervet monkeys would secrete matrix metalloproteinases and pro-

inflammatory cytokines that contribute to the development of osteoarthritis and that 
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these animals would exhibit knee osteoarthritic changes in their critique of the study. 

They examined healthy young adult (9–12 years) and old adult (19–26 years) female 

vervet monkey knees using computed tomography (CT) imaging, and joint tissues 

were morphologically graded at necropsy. In order to assess meniscal MMP and 

cytokine release, meniscus explants were subsequently cultured. Meniscus explants 

were then grown to evaluate the release of cytokines and MMP from the menisci. 

They observed that significant bone osteoarthritic changes, including an increase in 

the frequency of osteophytes and meniscal calcification, were visible in 80% of the 

older monkeys on CT scans. Meniscus and cartilage degradation scores were greater 

and more strongly correlated in older animals. Older animals with osteoarthritic 

defects generated significantly more MMP-1, MMP-3, and MMP-8 compared to 

young monkey menisci which were in normal condition. While older, osteoarthritic 

menisci released more IL-7 and granulocyte-macrophage colony-stimulating factor 

than younger, healthy menisci, older menisci without significant osteoarthritic 

changes secreted more of these substances. Finally, the conclusion was drawn that 

knee osteoarthritis, including meniscus involvement, develops naturally in old 

vervets. Matrix-degrading enzyme secretion and inflammatory cytokine production 

were significantly elevated in degenerative menisci. These elements might influence 

the meniscus tissue and other joint tissues, ultimately promoting the onset of 

osteoarthritis.
70

 

Humans study  

In 2012, Sun Y et al. reviewed the study to examine collagen and proteoglycan 

modifications in the menisci of individuals with osteoarthritis. Meniscal samples were 

obtained from 8 consecutive unselected OA patients who received complete joint 
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replacement surgery and 3 osteosarcoma patients who underwent lower limb 

amputation surgery. These tissues were surgical trash, after all. Proteoglycans were 

examined using the safranin-O and alcian blue staining methods. They observed that 

the OA meniscus was stained with proteoglycan more significantly in the intermediate 

and deep regions than the meniscus in the normal control group.
49

 

In a research conducted by Herwig JU et al. in 1984, the water, collagen, and 

glycosaminoglycan levels of menisci from human knee joints in different stages of 

degeneration were studied. The researchers discovered that typical menisci comprised 

72% water, 12% Deoxyribonucleic acid, 22% collagen, and 8% glycosaminoglycans, 

with a distribution of these glycosaminoglycans being as follows: 40% chondroitin 6-

sulfate, 10-20% chondroitin 4-sulfate, 20-30% dermatan sulfate, and 15% keratan 

sulfate. Water content increased as degeneration progressed, but collagen and 

glycosaminoglycan contents decreased as chondroitin 6-sulfate levels rose.
4
 

In their investigation, Lindahl U and Hook M from 1978 polysaccharides 

called glycosaminoglycans are typically present in covalent interaction with proteins 

in mammalian tissues. There are seven varieties that are well known; six of them 

share a structural similarity in that their carbohydrate backbones alternate between 

uronic acid and hexosamine remains. Hyaluronate is a lone sulfate-containing 

compound. These polysaccharide types can be identified by the composition of their 

monomers, their sulfate substituents' number and placement, as well as the position 

and shape of their glycosidic links, It was also noted that glycosaminoglycans and 

proteoglycans give cartilage its compressive stiffness by retaining water in the tissue. 

They interact with collagen, affecting it’s in vivo characteristics, and they regulate the 

solutes' ability to penetrate the cartilage.
71
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McAlinden et al. (2001) examined the study to determine whether the 

individual's age has an effect on the biosynthesis of aggrecan and decorin in human 

meniscus and capacity of the cells to produce these mRNA, and if so, whether those 

modifications differ from those observed in articular cartilage removed from the same 

joint. Radiolabeling tissue explants, anion-exchange chromatography, and agarose-

polyacrylamide electrophoresis gels were used to analyze the newly generated 

proteoglycans. They found that young donors had increased proteoglycan production 

in the meniscus compared to adult tissues. During this period, decorin dominated 

proteoglycan synthesis. Age-related increases in the meniscus's percentage of 

aggrecan synthesis were also seen. However, levels of decorin mRNA expression in 

articular cartilage were mostly unchanged with aging, but levels of aggrecan mRNA 

expression in the meniscus rose. As a result, investigators came to the conclusion that 

human meniscal aggrecan and decorin production and turnover differ from those of 

articular cartilage and are affected by an individual's age.
72

 

According to Mcdevitt and Webber (1990), sticky glycoproteins are a matrix 

glycoproteins subgroup. These macromolecules either possess the capacity to attach 

to various matrix macromolecules or cell surfaces, or they possess amino acid 

sequences or protein domains that suggest the likelihood of interactions. These 

molecules operate as crucial adhesion molecules, allowing cells to adhere to or move 

through their extracellular matrix. The meniscus contains three of these adhesions, or 

putative adhesion molecules: Type VI collagen, Fibronectin, and Thrombospondin. 

The fibro chondrocytes of the meniscus appear to have a large potential for reacting to 

growth and different modifying factors during the tissue's repair or reproduction.
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Ingman et al. (1974) investigated the chemical makeup of 50 menisci from 

knee joints belonging to individuals ranging in age from 0-86. 12 of them displayed 

degenerative regions that underwent individual analysis. They discovered that 77.9 % 

of collagen, 8.1 % of non-collagenous proteins, and 1.0 % of hexosamine were 

present in normal adult tissues. Collagen levels rise with age, while NCP levels fall. 

Degenerate regions displayed a statistically significant reduction in collagen and a rise 

in NCP and hexosamine when compared to normal menisci of similar age. It was 

determined that collagen content rose from birth to age 30 and was steady until age 

80, at which point a drop was seen. Non-collagenous protein in neonate meniscus 

made up nearly 22% of its dry weight. This decreased to around 8.0% between the 

ages of 30 and 70, at which point it dramatically rose to about 11.6%. Hexosamine 

levels declined from infancy through adulthood but were slightly elevated after age 

70.
74

 

McNicol and Roughley (1980) conducted a study that included (1) removing 

proteoglycan under dissociative circumstances from the human meniscus, (2) 

examining how this proteoglycan changes in abundance and structure as it ages, and 

(3) contrasting their findings with those for the proteoglycan found in the articular 

cartilage of humans. Despite the significantly decreased tissue amounts, they found 

that proteoglycan molecules with cartilage-like size and glycosaminoglycan content 

were present. In addition, regarding the presence of keratan sulfate and the sulphation 

of chondroitin sulphate chains, both tissues showed age-related alterations. The 

meniscus proteoglycan preparation also contained dermatan sulfate, and the core 

proteins displayed some variations. Finally, it was shown that this type of 

proteoglycan structure would be consistent with its role in the meniscus' flexibility, 

especially considering that the material is constrained to a specific area.
75
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In comparative research conducted by Ghosh et al. in 1975, the contents of the 

menisci nitrogen, collagen, non-collagenous proteins, and hexamine levels in 

osteoarthritic and rheumatoid knee joints were analyzed. Separate regions that have 

degenerated were examined. NCP and hexosamine levels were greater and collagen 

levels were lower in the degenerative regions than in the control tissue. The 

rheumatoid menisci displayed reduced collagen and hexosamine levels in areas of 

localized degradation. However, in contrast to the same-age normal tissue, the 

residual tissue similarly contained less collagen and hexosamine. Eventually, they 

came to the conclusion that in osteoarthritic menisci compared to controls, collagen 

content decreased, but proteoglycan and matrix glycoprotein concentration increased. 

However, there was a decrease in the collagen and proteoglycan concentrations in 

rheumatoid arthritis menisci.
76

 

According to Jerosch J. (2011), chondroprotective nutrients like glucosamine 

and chondroitin sulfate, as well as other foods like antioxidants and PUFAs, can 

modify osteoarthritis. A balance between catabolic and anabolic processes was 

corrected in osteoarthritis patients by the chondroprotective, an essential component 

of cartilage metabolism and a stimulant of vital cartilage regeneration processes. In a 

rat animal model, the study showed promising effects of additional dietary 

components or phytochemicals, including those found in ginger extracts, 

demonstrating a variety of anti-osteoarthritic actions and even intra-articular 

displaying chondroprotective effects. A future ‘nutraceutical’ approach to OA should 

include glucosamine sulfate, hyaluronic acid, collagen hydrolysate, and multiple other 

nutrients that have been shown to have positive effects on joint cartilage, synovial 

fluid, and overall clinical outcome in OA patients.
77
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Williams A. et al. (2004) used the delayed gadolinium-enhanced MRI of 

cartilage approach to describe a variety of in vivo studies of glycosaminoglycan 

distribution in knee cartilage. 23 subjects were scanned for this investigation utilizing 

the dGEMRIC method. They noticed that the index of glycosaminoglycan 

distribution, T1Gd, might be less than 300 msec, with focal areas as low as 240 msec, 

or it could reach 500 msec (indicating high glycosaminoglycan). Patients with 

persistent osteoarthritis or damage to the knee's ligaments and menisci showed 

compartmental differences as well as specific deficiencies inside the knee.
78

 

Using delayed Gadolinium-Enhanced Magnetic Resonance Imaging of 

Cartilage, Ericsson et al. (2009) examined the relationship between meniscectomy 

patients' epidemiologic risk factors for knee osteoarthritis (OA) and cartilage integrity. 

The BMI of 45 patients (16 female) with an average age of 46 years who underwent 

an arthroscopic medial meniscectomy 1-6 years ago was assessed in this research. The 

glycosaminoglycan (GAG) content of the cartilage was assessed using the dGEMRIC 

Index, and tests of isokinetic strength and functionality were also conducted. The BMI 

ranged from 20.0 to 34.3. The medial index compartment showed a 14.4% lower 

dGEMRIC Index compared to the lateral reference compartment (437+/-59 ms, 

mean+/-SD). Knee flexor and knee extensor strength in relation to body weight, the 

one-leg hop test, and the dGEMRIC Index of the medial diseased compartment all 

showed favorable relationships. Additionally, a negative correlation between the 

medial compartment dGEMRIC Index and BMI was found. Following medial 

meniscectomy, the lower dGEMRIC Index of the medial compartment displays 

reduced cartilage GAG content, indicating an early-stage OA. There were no 

discernible associations in the lateral reference compartment. Additionally, the results 
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suggest that obesity contributes to cartilage deterioration, whereas strong, coordinated 

thigh muscles may have a preventive impact on cartilage integrity.
79

 

In a 2005 research, Tiderius et al. investigated the glycosaminoglycan (GAG) 

content of cartilage and synovial fluid in individuals with acute anterior cruciate 

ligament (ACL) injuries to determine whether there was any association between the 

two. They used delayed gadolinium-enhanced magnetic resonance imaging of the 

cartilage and 24 healthy volunteers to study 24 patients with an average age of 27 

years, 14 of whom were male. The patients' synovial fluid was removed soon before 

the MRI, and GAG was evaluated by dye precipitation with Alcian blue. The lateral 

femoral condyle in 15 of the 24 patients had a single bone bruise, and the cartilage T1 

(Gd) there was shorter than it was in the controls, indicating a lower GAG 

concentration. The T1 (Gd) was similarly decreased in the medial femoral cartilage, 

despite the absence of significant bone contusion. The mean +/- SD synovial fluid 

GAG concentration in patients was 157 +/- 86 mg/ml (Gd), and the T1 was 

favourably linked with this value. They concluded by adding that cartilage quality 

should be considered when interpreting cartilage indications of metabolism since 

cartilage with a high GAG content releases more GAG into the synovial fluid.
80

 

Abraham et al. (2014) did a study to find mechanical and structural changes in 

meniscal materials after the onset of OA. In this work, the histo-morphological 

features, mineralization, and mechanical properties of meniscal materials from 

osteoarthritic and healthy individuals were compared. Researchers discovered that the 

calcium content and anterior meniscal materials with osteoarthritis had significantly 

thicker GAG in calcified fibrocartilage (CFC) zone. Tidemark integrity was 

significantly diminished in OA tissue in the medial anterior enthesis. The mineralized 
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area of osteoarthritic meniscal materials was thicker than normal materials and 

showed reduced bone mineral density. Osteoarthritic tissue exhibited higher 

compliance, according to an analysis of viscoelastic mechanical characteristics. 

Lastly, it was found that the development of OA causes considerable alterations at 

meniscal materials locations.
81

 

Mine T. et al. (2013) examined variations in acid mucopolysaccharides and 

collagen expression throughout meniscal degeneration, tearing, and recovery using 

menisci extracted during knee joint operations. In this research, the menisci from 23 

patients (15-80) years old who underwent meniscal surgery for flap and bucket handle 

cuts (n=11) and total knee arthroplasty for osteoarthritis (n=12) were 

analyzed histologically. Acutely injured menisci and menisci with and without 

degeneration (from people with osteoarthritis) were compared for acid 

mucopolysaccharides and collagen types I, II, and III expressions. They observed that 

acid mucopolysaccharides, collagen types I and II were expressed throughout the 

whole meniscus with the exception of the circulation area in menisci without 

degeneration. At outer marginal border and on surface, collagen type III was highly 

expressed. As meniscal degeneration progressed, acid mucopolysaccharides were 

expressed more frequently while collagen types I, II, and III were expressed less 

frequently. Collagen types II and III were the first to disappear in acutely wounded 

menisci, tracked by collagen type I, which led to a cessation of fiber formation. 

Finally, meniscal function was preserved and acid mucopolysaccharides and collagen 

types I, II, and III were in a balanced state in normal menisci.
82 

  

Liang Y. et al. (2017) looked into the impact of oxygen tension and mitotic 

divisions on adult human meniscus fibro chondrocytes (MFCs) plasticity. Their 
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evaluation process comprised biochemical, histological, and immunofluorescence 

studies in addition to gene expression. TGF-1 and FGF-2 coupled (T1F2) were used 

to develop MFCs in monolayer culture while maintaining normoxia (21% O2). The 

differentiation of the trilineage (adipogenesis, chondrogenesis, and osteogenesis) was 

carried out in both normoxic (21% O2) and hypoxic (3% O2) environments. They 

discovered that MFCs can go through adipogenesis and chondrogenesis with a mean 

total population doubling of 10. Under hypoxic conditions, this skill was improved. 

Osteogenesis did not occur in the MFCs. The ability of significantly expanded human 

MFCs to create tissues with avascular meniscus-like functional matrix properties was 

finally determined.
83

 

Shrikanth CB. et al. (2018) revised research to evaluate the possibility of 

recovering isolated sulfated GAGs (sGAG) determined by metachromasia for more 

investigation. In this study, the sGAG-DMMB complex developed following the 

quantification of sGAG by DMMB dye-binding test and recovery of sGAGs. After 

being fluorescently labeled, prior to being used for HPLC analysis to determine their 

disaccharide composition, recovered sGAGs underwent cellulose acetate membrane 

electrophoresis examination. All samples, ranging in purity from low to high, 

indicated that sGAGs had recovered well after metachromasia. In a second 

investigation utilising cellulose acetate membrane electrophoresis, the two types of 

sGAGs, chondroitin/dermatan sulphate and heparan sulphate, were successfully 

separated, with hyaluronic acid, a non-sulfated GAG, interfering with the separation 

just slightly. Heparan sulfate, an improved sGAG, had a distinctive disaccharide 

composition, according to an HPLC analysis.
84
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1.3 Justification 

Severe musculoskeletal damage from meniscal injuries is well established. 

Meniscal treatment and repair are challenging for patients, surgeons, and physical 

therapists because of their unique and complex architecture. Long-term injuries can 

also cause degenerative joint changes such as osteophytes, articular cartilage loss, 

reduction of joint spaces, and symptomatic osteoarthritis.
1, 85 – 87

 

Osteoarthritis (OA) is a degenerative joint disease that affects the cartilage and 

several surrounding tissues. Even though the condition usually progresses gradually, it 

can eventually cause joint failure, pain, and disability. The group is often most 

affected by OA of the knees because discomfort and stiffness in large weight-bearing 

joints usually cause significant impairment and call for surgical intervention. It is 

difficult to define symptoms and radiographic changes for research purposes since 

they are not well connected.
88, 89

 

There is currently no treatment for OA. Nonpharmacological, 

pharmacological, and surgical treatments can all be used to control OA. Surgery is 

typically only used if medical treatment has failed and functional incapacity has a 

negative impression on a patient's value of life.
5, 90 – 92

 

However, as OA progresses, the collagen matrix becomes more disordered, 

and the content of mucopolysaccharides in the cartilage changes. Water content rises 

overall as a result of collagen fiber breakdown. This rise is brought on by a general 

decline in mucopolysaccharides (and thus a decreased osmotic pull). In comparison, 

collagen loss outweighs it. The collagen fibers in the cartilage are susceptible to 
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deterioration without the mucopolysaccharides' protective properties, which can 

worsen degeneration.
84, 93 – 95

 

The matrix has an essential role in maintaining softness and serving as a shock 

absorber. Age-related fibrocartilage alterations play an important role in health and 

disease. Understanding pathophysiological changes in normal and aging adults as well 

as OA requires recent discoveries in glycobiology and the classification of 

mucopolysaccharides. 

Regarding the classification of mucopolysaccharides in health and disease, 

very little information is available. This research may be useful for understanding OA 

and its relationship to molecular changes in histochemistry. This work may contribute 

to the understanding of how carbohydrate moieties and their alteration and age-related 

changes may help in the prevention and design of a futuristic plan to reverse the 

process of degenerative changes. Understanding the stages of the disease and morpho-

chemically categorizing it may be helpful. For the creation of novel, structure-

modifying drugs for the treatment of osteoarthritis and for a deeper comprehension of 

the disease process, this study will be essential. 

Additionally, this research will aid in understanding the microscopic 

configuration of cells, collagen fibres, and glycosaminoglycan alterations in healthy 

and osteoarthritic menisci. 
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1.4 Objectives of the study 

1. To study the histochemistry of mucopolysaccharides in osteoarthritic menisci 

of a human knee joint. 

2. To study the microscopic structure of menisci in osteoarthritic patients. 

3. To compare the age-related changes in histological structure and 

mucopolysaccharide changes in osteoarthritic menisci. 
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2.    MATERIALS AND METHODS 

 2.1 Source of data: 

The study was carried out in the Department of Anatomy, J. N. Medical 

College, KLE Academy of Higher Education & Research, Belagavi. Menisci samples 

were obtained from osteoarthritis (OA) patients who had undergone total knee 

replacement (TKR) or lower limb amputation surgery from the Orthopedics 

Department unit of KLES Dr. Prabhakar Kore Hospital and Medical Research Centre, 

Belagavi, Karnataka, India. 

2.1.1 Study design: 

Case-series study 

2.1.2 Study population: 

From 110 human knee joints of both sexes (male and female), medial and 

lateral osteoarthritic menisci were collected. 65 females and 45 males, ages 50 to 84 

years. 

Normal meniscal tissue from 8-month-old male domesticated ruminant sheep 

was used as a control and showed no signs of knee-related musculoskeletal disease. It 

was obtained from a commercial source at Nehru nagar in Belagavi and dissected 

after 4 hours of defeat. 
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2.1.3 Sample size: 

The following formula was used to determine the sample size; 

  
      
     

(      ) 
         

Where, 

      
  = 1.96 with 95% C.I. 

SD = Standard deviation 

d = 20% of estimate = (0.2 x SD) 

Sample size at 95% CI, 20% tolerable error, and 10% lost to data entry/data 

collection or outliers 

2.1.4 Inclusion and exclusion criteria: 

Inclusion criteria:  

Menisci were collected from patients who were diagnosed with osteoarthritis 

and underwent total knee replacement surgery (TKR), and who had undergone lower 

limb amputation surgery. 

Exclusion criteria: 

Patients were disqualified if they had meniscal cancer, torn menisci, or other 

meniscal injuries. 

2.1.5 Administrative and ethical considerations: 

The institutional ethics committee's prior consent (ref. no. KLEU/EC/17-18/D-

97, dated 16/5/2017) was obtained. Before starting the process of collecting the data, 

the participants provided their informed, written consent. They were informed of their 
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right to freedom of choice and the privacy and confidentiality of their information was 

preserved. 

2.1.6 Tools and techniques for data collection: 

Permission was taken from the Head of the Department of concerned 

Orthopedics units, the Principal of J.N. Medical College, the medical director, the 

chief executive officer (CEO), and the superintendent of KLES Dr. Prabhakar kore 

hospital and medical research centre, belagavi, joint replacement unit and In charge of 

the Hi-tech operation theater. After getting the approval letter from ethical committee, 

the study commenced.   

The collection of meniscal tissue samples was started on 01
st
 October 2017 

and continued until reached the sample size i.e. 110, which was completed on 15
th

 

February 2020. Meniscal tissue specimens were collected immediately after the total 

knee joint replacement surgery of osteoarthritis patients from the surgery unit.  

Subsequently, the medial or lateral meniscal tissue was identified. Then 

menisci were washed thoroughly to remove the blood and fat deposits. Then along 

with identification labels tissue was transferred into sterilized plastic containers 

containing 10% buffered formalin for fixation. Then samples were brought to the 

Department of Anatomy in the histology research laboratory for further tissue 

processing. 

2.1.7 Collection of history of patients: 

History was collected after a patient was shifted to the ward on pre-designed 

proforma regarding socio-demographics, food habits, height, weight, and lifestyle.   
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2.1.8 Materials required for data collection and sample processing:  

Slides labeling stickers, coverslips, glass slides, small and large blades, 

forceps, ruler, fluid – resistant dissection surface pad, cassettes of varying sizes and 

colors, specimen collections containers, hand gloves, microtomes (rotary microtome), 

microtome knife or blades, forceps with fine, curved points, scalpel, slide rack, 

teasing needle, ice tray, chemical-resistant pencil or pen, sable or camel hair brush, 

binocular microscope with camera, ocular micrometer (graticule scale), stage 

micrometer, fixative reagent, dehydrating reagent, clearing reagent, paraffin wax, 

staining reagents.    

2.1.9 Sample process: 
96

 

Tissue processing and block preparation: 

Meniscal samples were stored in 10% formalin for 3 – 4 days. After that 

menisci were cut in a standardized way. For each meniscus, three separate parts 

(anterior, middle, and posterior) were processed. The menisci were sectioned in two 

places vertically at 45º and 135º angles relative to the sagittal plane. After that, each 

part was sectioned along the horizontal plane from the inner border to the outer 

border. Then tissue of medial and lateral meniscal samples was processed as follows:- 

1. Tissue was kept in 05 % EDTA solution for 2 – 4 days for decalcification. 

2. Then the tissue was washed for 2 hours in running tap water. 

3. Dehydration of the tissue was done by following concentration of alcohol:- 

- In 70 % alcohol kept overnight. 

- In 80 % alcohol kept for 3 hours. 

- In 90 % alcohol kept for 3 hours. 

- In absolute alcohol 3 changes each of 1 hour. 
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4.  Clearing of the tissues was done with: 

- In acetone for 1 hour. 

- In xylene 2 changes each of 30 minutes. 

5. Infiltration was done with liquid paraffin wax for 2 – 3 hours with 60-65 ºC 

6. Embedding: The tissues were embedded in a paraffin block 

7. Prepared the tissues block 

 

 

 

 

 

 

 

 

 

 

 

 

 

05 % EDTA solution Dehydrating process in different graded Alcohol 

Tissue clearing process Infiltration process in liquid paraffin wax bath 

 

The tissues embedded in L blocks with paraffin wax A, B, and C 

05 % EDTA 

A B C 

Prepared Paraffin tissue blocks 

 
Figure 2: tissue processes and preparation of paraffin blocks 



Materials and Methods 
 

 Page 49 
 

8. Sectioning and fixing the tissue on slides 

Tissue blocks were prepared from 3 different regions (anterior, middle, and 

posterior) of medial and lateral menisci and processed as follows. 

 Tissue block was taken and fixed at the tissue holder with the help of a heating 

process. 

 Tissue holder was fixed at the rotary microtome and adjusted the microtome 

blade at the proper position. 

 The microtome was fixed at 5µm thickness for section cutting. 

 Sections were cut with the help of a rotary hand wheel.   

 After that sections were kept in the watch glass contained with absolute 

alcohol then the sections were transferred to a 60 ºC hot water bath.      

 Then tissue section was fixed onto the egg albumin-coated glass slide.   

 Slide was dried with the help of a slide warmer. 

9. Staining and mounting 

 

 

 

 

 

 

 

 

Figure 3: Microtome with tissue block (A) and tissue sections fixed at glass slide (B) 

 

A B 
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2.1.10 Different histological and histochemical techniques:
 96

 

 Tissue sections were stained with these 10 histochemical stains: 

1. Haematoxylin and Eosin (H & E)  

2. Alcian blue pH 1.0 (AB – 1) 

3. Alcian blue pH 2.5 (AB – 2.5) 

4. Periodic acid-Schiff (PAS)  

5. AB2.5 +PAS (combine technique) 

6. Aldehyde fuchsin (AF) 

7. AF + AB2.5 (combine technique) 

8. Orcein + AB2.5 

9. Mucin carmine  

10. Hyaluronidase enzyme labile technique   

 Methods followed for different histological techniques: 

 Method for preparation of stain 

1. Haematoxylin and eosin (H & E): 
96

 

Haematoxylin - 2.5 gms  

Absolute alcohol - 25 ml 

Potassium alum – 50 gms 

Distilled water -500 ml  

Mercuric oxide - 1.25 gms 

Glacial acetic acid – 20 ml 

Alum was dissolved in warm distilled water, and hematoxylin was added after 

it had been completely dissolved in pure alcohol. The mercuric oxide was added after 

the liquid was quickly heated to a boil. The flask was then quickly submerged in ice 
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water to quickly cool the stain. The acetic acid was added when the solution had 

cooled, and the stain was then ready for use.  

  

 

 

 

Figure 4: Preparation of H&E stain 

Steps of staining   

1. The tissue-fixed slides were put onto the slide warmer for 5 minutes at 65 ºC 

after that they were deparaffinized two times with xylene for 5 to 10 minutes 

each.   

2. The deparaffinized tissue fixed slides were then kept in descending graded 

alcohol like in 100%, 95%, 70%, and 50% at 5 minutes respectively for 

rehydration.  

3. Next, they were washed gently in the tap water for 5 minutes. 

4. After that they were stained with Harris’s hematoxylin – for 1 minute.   

5. Next, the slides were washed well in running tap water until sections appear 

‘blue’- for 5 minutes or less. 

6. They were then stained with 1% eosin Y- for 30 seconds. 

7. Next, they were washed in running tap water for 2-3 dips. 

8. After that the slides were dehydrated through alcohols – 1 dip. 

9. Next, they were cleared with xylene 

10. Finally, they were mounted with DPX. 
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Figure 5: Processing for deparaffinization, stain, and mount of H&E stain 

Methods for interpretation of H and E stained slides:   

Each part of medial and lateral menisci was stained with H &E to assess 

surface integrity, cellularity, fibrous organization, and collagen alignment. Alcian 

blue pH 2.5 stain was applied for evaluation of mucoid degeneration.  

Development of histological grading/scoring system 

After examining the slides of patients with OA of various ages, the grading 

system described in this study was created. A total number of 660 slides were 

observed and graded. The criteria included (i) characteristics of the tissue surface 

(smoothness or degree of fibrillation, indentations, and undulations); (ii) cellularity 

patterns (normal, hypercellular, hypocellular, and acellular); (iii) organization of the 

collagen matrix and fibers including hyalinization, cyst formation, chipping, and 

tears; (iv) Intensity of Alcian blue pH 2.5 staining for mucoid degeneration. A total 

score was determined after each category was evaluated. Grade 1 is normal tissue, 

with scores ranging from 0 to 3, Grade 2 is mild degeneration, with scores ranging 

from 4 to 6, Grade 3 is substantial degeneration, with scores ranging from 7-9, and 

Grade 4 is severe degeneration, with scores ranging from 10 to 12 (Table X)   

The "C. Pauli" microscopic grading method was used to determine the 

degeneration grade for the histological examination of meniscus specimens. The four 

grades G1 = 0 - 3, G2 = 4 - 6, G3 = 7 - 9, and G4 = 10 - 12 were created from the 

expected total score range of 0 to 12 (Table X). 
52 
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 G1 – represents – Normal 

 G2 – represents – Mild degeneration 

 G3 – represents – Moderate degeneration 

 G4 – represents – Severe degeneration 

Table X: Histological scoring/grading system 

1. Surface                                                                                                                                         Score 

 Smooth or linear                                                                                                                               0 

 Slight abrasion or cell cluster                                                                                                             1 

 Moderate abrasion or markedly undulation                                                                                    2 

 Severe abrasion or disruption                                                                    3 

2.  Cellularity  
 

 Normal                                                                                                                                                    0 

 Diffuse hypercellularity                                                                                                                         1 

 Diffuse hypo/acellular regions                                                                                                              2 

 Hypo cellular (lacuna, pycnotic cells)                                                                                                  3 

3.  Collagen fiber organization                                                                                                            
 

 Collagen fibers organized, homogenous of extracellular matrix.                                                           0 

 Collagen fibers organized, diffuse foci of hyalinization.                                                                       1 

 Collagen fibers unorganized, confluent foci or band of hyalinization.                                   2 

 Collagen fibers unorganized, fibrocartilaginous separation and tears.                        3 

4.  Mucoid degeneration (Alcian blue ph.2.5)  
 

 None                                                                                                                                                         0 

 Slight                                                                                                                                                       1 

 Moderate                                                                                                                                                2 

 Severe                                                                                                                                                   3 

Note: Criteria and scores for histological assessment of menisci developed by C. 

Pauli (2011), have been used to evaluate: 1) Surface, 2) Cellularity, cellular 

morphology, 3) Collagen fiber organization 4) mucoid degeneration.  
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2. Alcian blue pH 1.0 (AB-1) stain :
96

 

Alcian blue is a positively charged cationic dye that interacts electrostatically 

with certain polyanion tissues that include carboxyl or sulfate groups. To separate and 

distinguish the various acid mucins, it was advantageous to employ an alcian blue 

solution with a range of pH. Esters react to sulfate in general at a lower pH than 

carboxylated. 

Technique for AB pH 1.0  

0.1M hydrochloric acid (pH 1.0) with 1gm of alcian blue in 100 ml   

 

Figure 6: pH 1.0 Alcian blue stain 

Steps of staining: 

1. The tissue-fixed slides were put onto the slide warmer for 5 minutes at 65 ºC 

after which they were deparaffinized (De-wax) 2 times with xylene for 5 to 

10 minutes each.   

2. The deparaffinized tissue fixed slides were then kept in descending graded 

alcohol like in 100%, 95%, 70%, and 50% at 5 minutes respectively for 

rehydration.  

3. Then they were washed gently in tap water – for 5 minutes. 
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4. Next, they were stained with Alcian blue pH -1 for 5 -7 minutes. 

5. After that they were washed in water. 

6. Next, the slides were dehydrated through alcohols – 1 dip. 

7. The slides were cleared with xylene 

8.  Next, they were mounted with DPX. 

Results: AB- pH -1-  Sulfated acid mucins are stained blue. 

3. Alcian blue pH 2.5 (AB-2.5)
 96

 

Technique for AB-2.5                                                    

3% acetic acid in 100 ml with 1gm of Alcian blue (pH 2.5)   

 

Figure 7: pH 2.5 Alcian blue stain 

Steps of staining: 

1. The tissue-fixed slides were put onto the slide warmer for 5 minutes at 65 ºC 

after that deparaffinized (De-wax) 2 times with xylene for 5 to 10 minutes 

each.   

2. The deparaffinized tissue fixed slides were then kept in descending graded 

alcohol like in 100%, 95%, 70%, and 50% at 5 minutes respectively for 

rehydration.  
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3. Soon, after that the slide was washed gently in the tap water – for 5 minutes. 

4. After that the slides were stained with pH -2.5 Alcian blue for 7 -10 minutes. 

5. Soon, they were washed in water. 

6. They were then dehydrated through alcohols – 1 dip. 

7. After that the slides were cleared with xylene 

8. Finally, they were mounted with DPX. 

Results: - AB-pH 2.5- Acid mucins are stained blue. 

4. Periodic acid Schiff technique (PAS):
96

 

The PAS reaction is a useful indicator of the presence of tissue carbohydrates, 

and particularly so for glycogen when the technique incorporates a diastase digestion 

stage. The principle of the reaction is that, periodic acid causes the carbon bond in 1, 

2, glycols or their amino or alkylamino derivatives to oxidative cleave, resulting in 

dialdehydes. The basic pararosaniline and the aldehyde will combine to generate a 

magenta-colored molecule after the reaction with the fuchsin sulfuric acid. The ideal 

oxidant for the reaction is periodic acid because it prevents the produced aldehydes 

from being gradually over-oxidized to carboxylic acid, which would cause a weak 

schiff reaction. 

PAS technique:-  

Periodic acid solution 

Periodic acid                        - 1gm 

Distilled water                                - 200 ml 
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Schiff’s chemical 

Dissolve 1 gm basic fuchsin in 200 ml of boiling distilled water, and the water 

flask was taken out of the Bunsen burner shortly before the basic fuchsin was added. 

The solution was allowed to cool to 50 °C before adding 2 gm of potassium 

metabisulfite and stirred continuously. After allowing it to reach room temperature, 2 

ml of strong hydrochloric acid was added and the mixture was stirred. Then 2 gms of 

activated charcoal was added and it was left overnight at room temperature. The 

mixture was then filtered through a No. 1 Whatman paper. The solution was 

characterized as either clear or light yellow. Finally, it was stored at 4°C in a dark 

container.  

 Steps of staining: 

1. The sections were dewaxed and brought into distilled water for 2 – 3 min. 

2. They were treated with periodic acid for 5 – 7 min. 

3. Then they were washed with distilled water for 3 - 4 times, 1 – 2 min. each. 

4. The sections were covered with Schiff’s solution, for 15 min. 

5. They were again washed in running tap water, for 2 – 3 min. 

6. Then the sections were rinsed in absolute alcohol for 1 dip. 

7. Next, they were cleared in xylene and mounted with D.P.X. 

Results: Glycogen and other periodate-reactive carbohydrates are stained with 

magenta color. 

5. Combined (Alcian blue pH 2.5 + PAS stain):
96

 

This method, which is also valuable as a standard demonstration approach, allows for 

the distinct separation of acid mucins and neutral mucins. The idea is that by first 

staining all acid mucins with Alcian blue, those acid mucins that are also PAS-
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positive will not respond in the second PAS test; only the neutral mucins will. This 

makes it possible to distinguish between acid and neutral moieties by color. 

 Following solutions were prepared: 

1. Alcian blue solution of pH 2.5 

2. 1% aqueous periodic acid. 

3. Schiff’s reagent 

Steps of staining: 

1. The sections were dewaxed and dipped into water for 4- 5 min. 

2. They were treated with the Alcian blue solution for 5 -7 minutes. 

3. Then they were washed well in distilled water. 

4. After that they were treated with the periodic acid solution for 4 – 5 

minutes  

5. Next, they were washed in distilled water. Then they were treated with 

Schiff’s reagent for 10 minutes. 

6. Next, they were washed in running tap water for 10 minutes. 

7. Soon after, they were dehydrated, cleared, and mounted with D.P.X. 

 Results: 

1. Acid mucins are stained blue. 

2. Neutral mucins are stained magenta. 

3. Mixtures of neutral and acid mucins are stained purple. 

            The color will vary from blue-purple to purple depending on the dominating 

entity. 
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6. Aldehyde fuchsin Technique :
96

  

Aldehyde Fuchsin Solution: 

Basic fuchsin                  - 1gm 

Paraldehyde                       - 2 ml 

Concentrated HCL acid     - 1 ml  

Ethanol                             - 60 ml 

Distilled water                   - 40 ml 

Basic fuchsin was dissolved in ethyl alcohol and distilled water. The HCL acid and 

paraldehyde were added. Then they were allowed to ripen at room temperature for 2 

to 7 days, and then filtered and stored at 4 ºC.  

 

Figure 8: Preparation of Aldehyde Fuschion (AF) stain 

Steps of Staining: 

1. The sections were dewaxed and dipped into water for 5 min. 

2. Then sections were rinsed in 70 % alcohol  

3. After that they were stained with aldehyde fuchsin solution for 20 

minutes  

4. Again, the sections were rinsed in 70 % alcohol and then in water for 2 

– 3 min. 

5. Soon after they were dehydrated, cleared, and mounted with D.P.X. 
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Results: 

1. Sulfated mucins stain deep purple 

2. Non-sulfated acid mucins stain purple, weakly to moderately. 

3. Neutral mucins are unstained. 

7. Combined aldehyde fuchsin –Alcian blue pH 2.5 stain:
96

 

Using this method, sulfated and carboxylated mucins may be distinguished 

with reliability. The reasoning is based on aldehyde fuchsin's stronger affinity for 

sulfated mucins, which causes them to become purple when stained with this solution 

initially and only turn blue when counterstained with alcian blue.  

Aldehyde fuchsin solution: 

Basic fuchsin                   - 1 gm 

Paraldehyde                         - 2 ml 

Concentrated HCL acid        - 1 ml  

Ethanol                                 - 60 ml 

Distilled water                  - 40 ml 

Alcohol and distilled water were used to dissolve the basic fuchsin. The 

paraldehyde and HCL acid were added and allowed it 'to ripen' for 2 to 7 days at room 

temperature. Then it was filtered and stored at 4 °C.   
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Alcian blue pH 2.5 solution:  

 

Figure 9: Combine AF + AB 2.5 stain 

Steps of Staining: 

1. The sections were dewaxed and dipped into water for 5 min. 

2. Then sections were rinsed in 70 % alcohol.  

3. After that they were stained with the aldehyde fuchsin solution for 20 minutes.  

4. Again, the sections were rinsed in 70 % alcohol and then in water for 2-3 min. 

5. After that, sections were stained with alcian blue solution for 7-10 minutes. 

6. Soon after they were washed in water for 30 sec. 

7. Next, they were dehydrated, cleared, and mounted with D.P.X. 

Results:  

1. Sulfated mucins were stained purple. 

2. Carboxylated mucins were stained blue. 

8. Combine orcein  - AB 2.5 stains:
96

 

Solutions preparation:  

1. 0.25 % potassium permanganate in 0.25% concentrated sulphuric acid. 

2. 2 % Oxalic acid  

3. Orcein solution (1gm Orcein in 100 ml, 70% alcohol, and added 1ml 

concentrated HCL) 

4. AB - 2.5 

5. 1% acid alcohol   
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Stapes of staining: 

1. The sections were dewaxed and kept under water for 5 min. 

2. They were oxidized in a solution of 0.25% potassium permanganate and in 

0.25% concentrated sulphuric acid for 1 minute. 

3. The sections were decolorized in 2% oxalic acid and rinsed with water. 

4. Then, the sections were stained with orcein solution for 4 hours. 

5. Next, they were washed well in tap water and differentiated by acid 

alcohol for a few seconds. 

6. The sections were then washed in water and stained with AB 2.5 for 7 

minutes. 

7. Finally, they were dehydrated, cleared and mounted with D.P.X.  

 Results: - Sulphomucins were stained brown.  

                  Sialomucins were stained blue.  

9. Mucin carmine:
96

 

This technique is one of the histochemical methods for the visualization of 

mucins specimens. 

Solution preparation:- 

Carmine (alum lake)             - 1gm 

Aluminum hydroxide        - 1 gm 

50% ethanol                     - 100 ml 

500ml of Pyrex flask was filled with an aforementioned components and 50% 

ethanol. Then, 0.5 g of anhydrous aluminum chloride was added after thorough 

shaking. After that the solution was made to boil in the flask while it was submerged 

in a pot of boiling water bath for 2 to 3 minutes. It was stirred while the water was 
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boiling. Then it was cooled under running tap water. Finally, it was cooled in a flask 

and filtered and stored at 4°C. 

Mucicarmine working solution: 

Southgate’s Mucicarmine stock solution                   10 ml 

Distilled water                                                                   90 ml 

Alcohol hematoxylin:  

Hematoxylin                                                                         1gm 

Ethanol                                                                                 100 ml 

Acidified ferric chloride stock solution: 

Ferric chloride (FeCl3.6H2O)                                                2.48 gm 

Distilled water                                                                       97 ml 

Concentrated hydrochloric acid (HCL)                                1 ml 

Wiegert’s iron hematoxylin working solution: 

This solution should be mixed just before use. 

Alcoholic hematoxylin                                                    50 ml 

Acidified ferric chloride stock solution                             50 ml 

Metanil yellow working solution: 

Metanil yellow                                                                 0.25 gm 

Distilled water                                                                 100 ml 

Glacial acetic acid                                                           0.25 ml 

Mix and store in a brown bottle. 

Method: 

1. The sections were dewaxed and dipped into water for 5 min. 

2. Then the sections were stained in Wiegert’s iron hematoxylin working solution for 

10 min. 
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3. After that, they were rinsed in running tap water for 5 min. 

4. Then again, sections were stained in the mucicarmine working solution for 30 

min. 

5. After that the sections were rinsed in two changes of distilled water. 

6. Again, they were stained in the metanil yellow solution for 30 – 60 sec. 

7. Then sections were rinsed quickly in distilled water. 

8. Soon after, the sections were dehydrated and cleared in xylene. 

9. Then they were mounted with D.P.X.  

Results: 

Acidic mucins were stained deep rose to red. 

Nuclei were stained black.  

Other tissue elements were stained light yellow. 

10. Hyaluronidase enzyme labile technique:
96

 

Solutions preparation: 

Hyaluronidase solution:  

Bovine testicular hyaluronidase (BTH)     - 50 mgs 

Phosphate buffer solution                               - 100 ml 

Phosphate buffer solution:  

Sodium chloride                                        - 8 gm 

Sodium phosphate, monobasic                    - 2 gm 

Sodium phosphate, dibasic                         - 0.3 gm 

Distilled water                                           - 1000 ml 
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Method: 

1. The sections were dewaxed and brought into distilled water for 5 min. 

2. Then, the sections were incubated with the hyaluronidase solution for three 

hours at 37 ºC.   

3. After that the sections were washed in running tap water for 5 minutes. 

4. Soon after that, the sections were stained with alcian blue 2.5 for 5 minutes. 

5. After that they were washed in running tap water for 2 – 3 minutes. 

6. Soon after they were dehydrated, cleared and mounted with DPX. 

Results: 

If hyaluronic acid present, the sections were not stained blue. 

If hyaluronic acid absent, the sections were stained blue. 
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3.   DATA ANALYSIS PLAN 

3.1 Statistical Analysis  

Descriptive statistics were used to generate histochemical scores and 

distributions to summarize negative, weak, mild, moderate, and severe acid mucins in 

meniscal osteoarthritis. Further chi-square test was used to see the association 

between different histological staining intensities and sides of osteoarthritis menisci. 

One-way ANOVA (F-test) was applied to test various parts of different stains, 

staining intensities in medial and lateral OA menisci of both left and right legs. 

Further, a nonparametric method (Chi‑square test) was used to see the association 

between the sides and OA. Significance was seen at 5% level. Analyses were 

performed using MS Excel and SPSS version 22.  
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1.1 Definitions and measurement methods of study variables:  

Table 3.1 Coding used for Socio-demographic variables 

Variables Attribute Coding 

Socio-demographic variables 

Age 50 – 84 years - 

Gender 
Female 1 

Male 2 

Religion 

Hindus 1 

Muslims 2 

Christians 3 

Exercise 

No 0 

Medium 1 

Light 2 

Active 3 

Moderate 4 

Diet 
Non-veg 0 

Veg 1 

Blood group 

A +ve 1 

B +ve 2 

O +ve 3 

AB +ve 4 

O –ve 5 

Family history 
No 0 

Yes 1 
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Table 3.2 Coding used for sides of legs and menisci variables 

Variables Attribute Coding 

Main study variables (osteoarthritis menisci of the knee 

joint ) 

Sides of legs 

Left 1 

Right 2 

Sides of menisci 

Medial - 

Lateral - 

Table 3.3 Coding used for parts of menisci on severity of (OA) variables 

Variables Attribute Coding 

Parts of (OA)menisci 

Medial anterior 

Medial middle 

Medial posterior 

Mild 1 

Moderate 2 

Severe 3 

Lateral anterior 

Lateral middle 

Lateral posterior 

Mild 1 

Moderate 2 

Severe 3 
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Table 3.3 Coding used for grading of OA menisci and color intensity of different 

stains 

Variables Attribute Coding 

Grading score of OA menisci of different stains 

H & E stain grading  

Grade 1 0 -3 (normal) 1 

Grade 2 4 – 6 (mild) 2 

Grade 3 7 – 9 (moderate) 3 

Grade 4 10 – 12 (severe) 4 

Other special stain color intensity grading scores 

AB - 1 

AB – 2.5 

PAS 

PAS+AB-2.5 

AF 

AF+AB-2.5 

Orcein+AB-2.5 

Mucin carmine 

  

- Negative or no stain (0%) 0 

± Weak or variable stain (<25%) 1 

+ Mild or slight stain (26-50%) 2 

+ + Moderate stain (51 – 75%) 3 

+ + + Strong stain (76 – 100%) 4 

  

  

Hyaluronidase enzyme stain  (treated with hyaluronidase) 

Negative - No stain 1 

Weak present ± Weak or variable stain 2 

Mild + Mild or slight stain 3 

 

 



Results 

 Page 70 
 

4. RESULTS AND OBSERVATIONS 

4.1 Socio-demographic variations: 

 

Graph 1: OA menisci by age and side of legs. OA: Osteoarthritis. 

Osteoarthritis menisci vary by age and side, as shown in Graph 1. Among 110 

OA patients, the minimum number of cases of osteoarthritis was found in 50 – 59 and 

70 + years.  In 110 patients, OA cases were higher in the age group 60 - 69 years in 

both legs of the knee joint.  
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Graph 2: Distribution of OA menisci by gender. 

Among 110 OA patients, about 59% and 41% of OA problems are in females 

and males respectively. 

 

Graph 3: Osteoarthritis (OA) menisci by side of legs. 

Graph 3: shows the distribution of Osteoarthritis (OA) menisci percentage on 

the side of the legs. Among 110 OA cases, approximately 51 % of people have left leg 

OA and 49 % have it in the right legs.  
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Graph 4: Distribution of OA menisci of side by gender 

Graph 4: shows the distribution of OA menisci of side by gender. In 110 OA 

cases, 43% of females have left leg OA whereas 57 % have right leg OA. On the other 

hand, 62 % and 38 % of males have left and right leg OA respectively. 

 

Graph 5: OA menisci by gender, religion, family history, and vegetarian food. 
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Gender, religions, family history, and vegetarian food:   

The distribution of osteoarthritis (OA) in this series is shown in Graph 5. In 

the gender group, among 110 OA cases, women have a higher incidence of 

osteoarthritis than men, i.e. (59% of women and 41% of men). Among religions, in 

110 OA cases hindus had more percentage of OA, than other religions (Muslims and 

Christians), (57% Hindu, 41% Muslim, and 2% Christian). Of these, in 110 OA cases 

64% had no family history of OA, while 36% had a family history of OA. Whereas 

for dietary habits, in 110 OA cases non-vegetarians (71%) were more susceptible to 

OA than vegetarians (29%).      

 

Graph 6: Osteoarthritis (OA) menisci by Exercise, Blood group & Age group. 

Exercise, blood group, and age group: 

Among different types of physical activity, i. e. (moderate, active, light, 

medium, and inactive), in 110 OA cases inactive people were more affected by OA 

(52.7%). In the blood group distribution, in 110 OA cases people with B+ve (30.9%) 
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and O+ve (35.5%) blood types had more OA than other blood types. In terms of age 

group distribution, in 110 OA cases, people aged 60 – 69 years were more susceptible 

to OA than other age groups (Graph 6). 

Histochemical of mucopolysaccharides in osteoarthritic menisci of a human knee 

joint Alcian blue pH 1.0 (AB-1.0) 

 

 

 

 

             

 

 

 

 

Figure 4.1.1a: The intensity of Sulfated acid mucins in the control group: 

magnification 100x, 500µm – Scale bar 

Fig 4.1.1a shows an assessment of the histological staining intensity of alcian 

blue pH 1.0, in the extracellular matrix of sheep meniscus used as control group at 3 

regions (anterior, middle, posterior) of medial and lateral menisci of right leg: RMA, 

RMM, RMP, RLA, RLM, and RLP with moderate staining and a score (+ + ).  

 

  

RMA RMM RMP 

RLA RLM RLP 

 500 µm  500 µm  500 µm 

 500 µm  500 µm  500 µm 

RMA – Right leg medial menisci anterior part, RMM – Right leg Medial menisci middle part, RMP –Right leg medial menisci posterior part  

RLA –Right leg lateral menisci anterior part, RLM – Right leg lateral menisci middle part, RLP – Right leg lateral menisci posterior part 
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Figure 4.1.1b:  The intensity of sulfated acid mucins in the test group: magnification 

100x. 

Fig. 4.1.1b shows an assessment of the histological staining intensity of alcian 

blue pH 1.0 in the extracellular matrix of OA human meniscus used as a test group at 

3 regions (anterior, middle, posterior) of medial and lateral menisci of both legs: 

figure ‘A’ score: negative (-), figure ‘B’ score: weak or variable stain (±).  

Table 4.1.1a: Alcian blue pH.1 intensity of sulfated mucins in medial menisci 

of both legs 

Alcian blue pH.1 staining intensity of sulfated mucins 

Left Right Overall 

n1 % n2 % n % 

Control (normal menisci) Moderate (+ +) 1 100 1 100 2 100 

Test       (OA menisci)        

Medial anterior 

*
Negative (-) 55 98.2 52 96.3 107 97.3 

Weak (±) 1 1.8 2 3.7 3 2.7 

Medial middle 

*
Negative (-) 53 94.6 51 94.4 104 94.5 

Weak (±) 3 5.4 3 5.6 6 5.5 

Medial posterior 

*
Negative (-) 54 96.4 50 92.6 104 94.5 

Weak (±) 2 3.6 4 7.4 6 5.5 

Note: * F- test = 66.99 (Negative -), P < 0.001, n1+n2 = n. 

A B 

 500 µm  500 µm 
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Table 4.1.1b: Alcian blue pH.1 intensity of sulfated mucins in lateral menisci 

of both legs 

Alcian blue pH.1 staining intensity of sulfated 

mucins 

Left Right Overall 

n1 % n2 % n % 

Control (normal menisci) Moderate (+ +) 1 100 1 100 2 100 

Test (OA menisci)        

Lateral anterior 

*Negative (-) 53 94.6 53 98.1 106 96.4 

Weak (±) 3 5.4 1 1.9 4 3.6 

Lateral middle 

*Negative (-) 54 96.4 52 96.3 106 96.4 

Weak (±) 2 3.6 2 3.7 4 3.6 

Lateral posterior 

*Negative (-) 52 92.9 50 92.6 102 92.7 

Weak (±) 4 7.1 4 7.4 8 7.3 

 Note: * F- test = 107.98 (Negative -), P < 0.001, n1+n2 = n. 

Table 4.1.1a, reveals a histochemical assessment of alcian blue pH 1 staining 

intensity level in the extracellular matrix of medial menisci of the left and right legs. 

The study showed the moderate staining intensity of alcian blue pH 1.0 in the control 

and its score of two plus (+ +) staining intensity of sulfated acid mucins. It was 

present in the medial and lateral menisci of in both legs of sheep. The test 

observation showed in the left leg medial meniscus anterior part (LMA) was 98.2 % 

negative and 1.8 % weak staining intensity of AB-1.0 while, it was  94.6 % negative 

and 5.4 % weak in the left leg medial meniscus middle part (LMM). Similarly, the 

staining intensity in the left leg medial meniscus posterior part (LMP) was 96.4 % 
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negative and 3.6 % weak. Right leg medial meniscus anterior part (RMA) was 96.3 

% negative and 3.7 % weak staining intensity while, it was 94.4 % negative and 5.6 

% weak staining intensity in right leg medial menisci middle part (RMM). Similarly, 

the staining intensity in right leg medial menisci posterior part (RMP) was 92.6 % 

negative and 7.4 % weak.  

Similarly, the result in the left leg lateral meniscus anterior part (LLA) had 

94.6 % negative and 5.4 % weak staining intensity of AB-1.0 while, it was 96.4 % 

negative and 3.6 % weak in the left leg lateral meniscus middle part (LLM). On 

similar lines, staining intensity in the left leg lateral meniscus posterior part (LLP) 

was 92.9 % negative and 7.1% weak. The right leg lateral meniscus anterior part 

(RLA) showed 98.1% negative and 1.9% weak staining intensity. While it was 

negative at 96.3 % and weak at 3.7% staining intensity in RLM. Similarly, the 

staining intensity in RLP was 92.6 % negative and 7.4 % weak (Table 4.1.1b). 
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Table 4.1.1c: Results of test statistics used in AB-1.0 intensity of sulphated 

mucins – different parts of medial and lateral menisci on sides of the legs 

Source of variation d.f. s.s M.S.S. F-test p-Value 

Medial menisci anterior/middle/posterior (weak intensity) 

between 2 18.816 9.408 0.108409 >0.05 

within 12 1041.39 86.7825 

  total 14 

    Medial menisci anterior/middle/posterior (negative intensity) 

between 2 553.9271 276.9636 66.99902 <0.001 

within 312 1289.76 4.133845 

  total 314 

    Lateral menisci anterior/middle/posterior (weak intensity) 

between 2 54.76 27.38 0.319894 >0.05 

within 13 1112.681 85.59087 

  total 15 

    Lateral menisci anterior/middle/posterior (negative intensity) 

between 2 942.7789 471.3894 107.9856 <0.001 

within 311 1357.608 4.365298 

  total 313 

    S.S- Sum of Square, M.S.S.-Mean Sum of Square, d.f.-Degree of Freedom. 

 Table 4.1.1c reveals results of test statistics used in the different parts 

(anterior, middle, and posterior) of medial and lateral OA meniscus of AB-1.0. 

Negative intensity of sulphated mucins on both sides of the legs showing significant 

varying by F-test (p- <0.001). 
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Table 4.1.1d: Association of AB-1.0 intensity of sulfated mucins – medial and 

lateral menisci on side of the legs. 

(AB-1.0) Sulfated acid mucins 

Side 

Chi-square (df), p-value Left Right 

n % n % 

Medial 

Negative (-) 55 98.2 53 98.1 

0.001 (1), 0.979 

Weak (±) 1 1.8 1 1.9 

Lateral 

Negative (-) 54 96.4 53 98.1 

0.306 (1), 0.580 

Weak (±) 2 3.6 1 1.9 

Table 4.1.1d represents the association in the medial and lateral OA meniscus of AB-

1.0 intensity of sulfated mucins on both sides of the legs. Medial menisci of the left 

and right leg have 98.2% and 98.1% respectively negative intensity of sulfated 

mucins. However, lateral menisci of the left and right leg have respectively 96.4% and 

98.1% negative intensity of sulfated mucins. Moreover, the sides of the legs do not 

show a significant association between the medial and lateral meniscus. 
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Alcian blue at pH 2.5 (AB-2.5) 

 

 

 

 

 

Figure 4.1.2a: The Intensity of acid mucins in control group: magnification 100x. 

Fig. 4.1.2a shows assessment of histological staining intensity of alcian blue 

pH 2.5 in the extracellular matrix of sheep meniscus used as control group at 3 

regions (anterior, middle, posterior) of medial and lateral menisci of right leg: RMA, 

RMM, RMP, RLA, RLM and RLP with strong staining and a score (+ + +).  

 

 

 

 

 

Figure 4.1.2b: The intensity of acid mucins in the test group: magnification 100x. 

Fig. 4.1.2b: shows an assessment of the histological staining intensity of alcian blue 

pH 2.5 in the extracellular matrix of OA human meniscus used as a test group at 3 

regions (anterior, middle, posterior) of medial and lateral menisci of both legs: figure 

‘A’ score: negative (-), figure ‘B’ score: weak or variable stain (±), figure ‘C’ score: 

slight or mild stain (+) and figure ‘D’ score: moderate stain (+ +). 

500 µm 500 µm 500 µm 

500 µm 500 µm 500 µm 
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Table 4.1.2a: Alcian blue pH 2.5 staining intensity of acid mucins in medial 

meniscus of both legs. 

Alcian Blue 2.5 staining intensity of acid mucins 

Left leg Right leg Overall 

n1 % n2 % n % 

Control (normal menisci) Strong (+ + +) 1 100 1 100 2 100 

Test      ( OA menisci)        

Medial anterior 

Negative (-) 1 1.8 2 3.7 3 2.7 

*
Weak (±) 29 51.8 27 50 56 50.9 

#
Mild (+) 26 46.4 25 46.3 51 46.4 

Medial middle 

Negative (-) 1 1.8 0 0 1 0.9 

*
Weak (±) 26 46.4 25 46.3 51 46.4 

#
Mild (+) 29 51.8 29 53.7 58 52.7 

Medial posterior 

Negative (-) 1 1.8 1 1.9 2 1.8 

*
Weak (±) 27 48.2 33 61.1 60 54.5 

#
Mild (+) 25 44.6 20 37 45 40.9 

Moderate (++) 3 5.4 0 0 3 2.7 

Note: * F = 20.35 (Weak), P < 0.05, # F = 37.44 (Mild), P < 0.05, n1+n2 = n  
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Table 4.1.2b: Alcian blue pH 2.5 staining intensity of acid mucins in lateral 

meniscus of both legs. 

Alcian Blue 2.5 staining intensity of acid mucins 

Left leg Right leg Overall 

n1   % n2   % n  % 

Control (normal menisci) Strong (+ + +)   1 100 1 100 2 100 

Test      ( OA menisci)        

Lateral anterior 

Negative (-) 0 0 2 3.7 2 1.8 

*
Weak (±) 36 64.3 28 51.9 64 58.2 

#
Mild (+) 20 35.7 24 44.4 44 40 

Lateral middle 

Negative (-) 3 5.4 2 3.7 5 4.5 

*
Weak (±) 30 53.6 36 66.7 66 60 

#
Mild (+) 23 41.1 16 29.6 39 35.5 

Lateral posterior 

Negative (-) 1 1.8 1 1.9 2 1.8 

*
Weak (±) 37 66.1 30 55.6 67 60.9 

#
Mild (+) 18 32.1 23 42.6 41 37.3 

Note: * F = 3.38 (Weak), P < 0.05, # F = 3.80 (Mild), P < 0.05, n1+n2 = n 

 Table 4.1.2a reveals a histochemical assessment of alcian blue pH 2.5 staining 

intensity level in the extracellular matrix of medial menisci of the left and right legs. 

The study showed a strong staining intensity of alcian blue pH 2.5 in the control and 

its score of three plus (+ + +) staining intensity of acid mucins. It is present in both 

legs of the medial and lateral menisci of sheep. The observation made in the left leg 
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medial meniscus anterior part (LMA) was 1.8% negative, 51.8% weak, and 46.4% 

mild staining intensity of AB-2.5, while it was 1.8% negative, 46.4% weak, and 

51.8% mild in the left leg medial meniscus middle part (LMM). Similarly, the 

staining intensity in the left leg medial meniscus posterior part (LMP) was 1.8 % 

negative, 48.2 % weak, 44.6 % mild, and 5.4 % moderate. Right leg medial meniscus 

anterior part (RMA) was 3.7 % negative, 50% weak, and 46.3% mild staining 

intensity while, it was 46.3% weak, and 53.7% mild staining intensity in  RMM. 

Similarly, the staining intensity in RMP was 1.9% negative, 61.1% weak, and 37% 

mild. Staining intensity in the medial OA menisci is significantly varying by parts (p 

< 0.05).  

 Table 4.1.2b, the result made in the  left leg lateral meniscus anterior part 

(LLA) had 64.3% weak, and 35.7% mild staining intensity of AB-2.5 while, it was 

5.4% negative, 53.6% weak, and 41.1% mild in the left leg lateral meniscus middle 

part (LLM). Similarly, staining intensity in the left leg lateral meniscus posterior part 

(LLP) was 1.8% negative, 66.1% weak, and 32.1% mild. The right leg lateral 

meniscus anterior part (RLA) showed 3.7% negative, 51.9% weak, and 44.4% mild 

staining intensity. While, it was negative (3.7%), weak (66.7%), and mild (29.6%) 

staining intensity in RLM. Similarly, the staining intensity in RLP was 1.9% negative, 

55.6% weak, and 42.6% mild. Staining Intensity in lateral OA menisci significantly (p 

< 0.05) varied by parts. 
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Table 4.1.2c: Results of test statistics used in AB-2.5 intensity of acid mucins – 

different parts of medial and lateral menisci on sides of the legs. 

Source of variation d.f. S.S M.S.S. F-test p-value 

Medial menisci anterior/middle/posterior (weak intensity) 

Between 2 1809.259 904.6293 

20.35992 <0.05 Within 165 7331.257 44.43186 

Total 167 

  

Medial menisci anterior/middle/posterior (mild intensity) 

Between 2 3573.008 1786.504 

37.44732 <0.05 Within 152 7251.481 47.70711 

Total 154 

  

Lateral menisci anterior/middle/posterior (weak intensity) 

Between 2 246.3305 123.1652 

3.380786 < 0.05 Within 195 7104.034 36.43095 

Total 197 

  

Lateral menisci anterior/middle/posterior (mild intensity) 

Between 2 428.0719 214.036 

3.807491 < 0.05 Within 122 6858.161 56.21444 

Total 124 

  
 

S.S- Sum of Square, M.S.S.-Mean Sum of Square, d.f.-Degree of Freedom 

 Table 4.1.2c states the results of test statistics used in different parts (anterior, 

middle, and posterior) of medial and lateral OA meniscus of AB-2.5 intensity of acid 

mucins on both sides of the legs showing significant Weak (±) and Mild (+) varying 

by F-test (p < 0.05). 
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Table 4.1.2d: Association of AB-2.5 intensity of acid mucins – medial and lateral 

menisci on side of the legs. 

Table 4.1.2d states the association in the medial and lateral OA meniscus of 

AB-2.5 intensity of acid mucins on both sides of the legs. Medial menisci of the left 

and right leg have 46.4% and 51.9% respectively mild intensity of acid mucins. 

However, lateral menisci of the left and right leg have respectively 35.7% and 38.9% 

mild intensity of acid mucins. Moreover, the sides of the legs do not show a 

significant association between the medial and lateral meniscus. 

 

 

 

AB2.5 (acid)  Mucins 

Side 

Chi-square (df), p-value Left Right 

n % n % 

Medial 

Weak 27 48.2 26 48.1 

3.058 (2), 0.217 Mild 26 46.4 28 51.9 

Moderate 3 5.4 0 0 

Lateral 

Weak 36 64.3 33 61.1 

0.119 (1), 0.731 

Mild 20 35.7 21 38.9 
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PAS (Periodic Acid-Schiff) 

 

 

 

 

 

Figure 4.1.3a - The Intensity of neutral mucins (glycogen carbohydrate) in the control 

group: magnification 100x. 

Fig 4.1.3a. shows an assessment of the histological staining intensity of PAS 

in the extracellular matrix of sheep meniscus used as control group at 3 regions 

(anterior, middle, posterior) of medial and lateral menisci of right leg: RMA, RMM, 

RMP, RLA, RLM, and RLP with moderate staining and a score (+ + ) staining 

intensity of  neutral mucins (glycogen carbohydrate) . 

 

 

 

 

Figure 4.1.3b - The intensity of neutral mucins (glycogen carbohydrate) in the test 

group: magnification 100x. 

Fig. 4.1.3b shows an assessment of the histological staining intensity of PAS 

in the extracellular matrix of OA human meniscus used as a test group at 3 regions 

(anterior, middle, posterior) of medial and lateral menisci of both legs: figure ‘A’ 

score: mild PAS positive (+), figure ‘B’ score weak PAS positive (±) staining 

intensity of neutral mucins (glycogen carbohydrate). 

A B 

 500 µm  500 µm 

 500 

µm 

RMA RMM RMP 

RLA RLM RLP 
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 500 µm 

 500 µm 

 500 µm 

 500 µm 

 500 µm 



Results 

 Page 87 
 

Table 4.1.3a: PAS staining color intensity level in medial menisci of both legs. 

PAS staining intensity of (glycogen carbohydrate) 

Left Right overall 

n1 % n2 % n % 

Control (normal menisci ) Moderate (++) 1 100 1 100 2 100 

Test (OA menisci) 

       

Medial anterior 

*Mild (+) 52 92.9 47 87.0 99 90.0 

Weak (±) 4 7.1 7 13.0 11 10.0 

Medial middle 

*Mild (+) 49 87.5 46 85.2 95 86.4 

Weak (±) 7 12.5 8 14.8 15 13.6 

Medial posterior 

*Mild (+) 50 89.3 49 90.7 99 90.0 

Weak (±) 6 10.7 5 9.3 11 10.0 

Note: * F- test = 40.97 (Mild), P < 0.05, n1+n2 = n 
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Table 4.1.3b: PAS staining color intensity level in lateral menisci of both legs. 

PAS staining intensity of (glycogen 

carbohydrate) 

Left Right overall 

n1 % n2 % n % 

Control (normal menisci ) moderate (++) 1 100 1 100 2 100 

Test (OA menisci) 

       

Lateral anterior 

*Mild (+) 45 80.4 47 87.0 92 83.6 

Weak (±) 11 19.6 7 13.0 18 16.4 

Lateral middle 

*Mild (+) 51 91.1 46 85.2 97 88.2 

Weak (±) 5 8.9 8 14.8 13 11.8 

Lateral posterior 

*Mild (+) 48 85.7 51 94.4 99 90.0 

Weak (±) 8 14.3 3 5.6 11 10.0 

Note: * F- test = 89.53 (Mild), P < 0.05, n1+n2 = n 

Table 4.1.3a, reveals a histochemical assessment of PAS+ve staining 

intensity level in the extracellular matrix of medial menisci of the left and right legs. 

The study showed the moderate staining intensity of PAS+ve in the control and its 

score of three plus (+ +) neutral mucins (glycogen carbohydrate). It was present in 

both legs of the medial and lateral menisci of sheep. The test observation made in the 

left leg medial meniscus anterior part (LMA) was 92.9 % mild and 7.1 % weak 

staining intensity of PAS+ve while, it was  87.5 % mild and 12.5 % weak in the left 

leg medial meniscus middle part (LMM). Similarly, the staining intensity in the left 

leg medial meniscus posterior part (LMP) was 89.3 % mild and 10.7 % weak. Right 
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leg medial meniscus anterior part (RMA) was 87.0 % mild and 13.0 % weak staining 

intensity, while it was 85.2 % mild and 14.8 % weak staining intensity in RMM. 

Similarly, the staining intensity in RMP was 90.7 % mild and 9.3 % weak.  

Again, the result observed in the left leg lateral meniscus anterior part (LLA) 

had 80.4 % mild and 19.6 % weak staining intensity of PAS+ve, while it was 91.1 % 

mild and 8.9 % weak in the left leg lateral meniscus middle part (LLM). Similarly, 

staining intensity in the left leg lateral meniscus posterior part (LLP) was 85.7 % 

mild and 14.3 % weak. The right leg lateral meniscus anterior part (RLA) showed 

87.0 % mild and 13.0 % weak staining intensity. While it was mild at 85.2 % and 

weak at 14.8 % staining intensity in RLM. Similarly, the staining intensity in RLP 

was 94.4 % mild and 5.6 % weak (Table 4.1.3b).  
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Table 4.1.3c: Results of test statistics used in PAS intensity of neutral mucins – 

different parts of medial and lateral menisci on sides of the legs. 

PAS  staining intensity of neutral mucins  (glycogen carbohydrate) 

Source of variation d.f. s.s M.S.S. F-test p-Value 

Medial menisci anterior/middle/posterior (mild +) 

between 2 832.0055 416.0027 

40.97172 <0.05 within 290 2944.489 10.15341 

total 292 

  Medial menisci anterior/middle/posterior (weak ± ) 

between 2 115.5892 57.79459 

0.718978 >0.05 within 34 2733.068 80.38434 

total 36 

  Lateral menisci anterior/middle/posterior (mild +) 

between 2 2059.06 1029.53 

89.5359 <0.05 within 285 3277.077 11.49852 

total 287 

  Lateral menisci anterior/middle/posterior (weak ± ) 

between 2 322.02 161.01 

2.042906 >0.05 within 39 3073.754 78.81422 

total 41 

  S.S- Sum of Square, M.S.S.-Mean Sum of Square, d.f.-Degree of Freedom. 

Table 4.1.3c, states the results of test statistics used in the different parts 

(anterior, middle, and posterior) of medial and lateral OA meniscus of PAS 

staining intensity of neutral mucins on both sides of the legs showing significant 

on mild (+) varying by F-test (p- <0.05). 
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Table 4.1.3d: Association of PAS staining intensity of neutral mucins – medial 

and lateral menisci on sides of the legs. 

PAS: neutral mucins  

(glycogen 

carbohydrate) 

Side 

Chi-square (df), p-

value 
Left Right 

n % n % 

Medial 

Mild (+) 49 87.5 46 85.2 

0.125 (1),0.724 

Weak (±) 7 12.5 8 14.8 

Lateral 

Mild (+) 45 80.4 45 83.3 

0.164 (1),0.686 

Weak (±) 11 19.6 9 16.7 

Table 4.1.3d, reveals the association in the medial and lateral OA meniscus of 

PAS color intensity of neutral mucins on both sides of the legs. Medial menisci of the 

left and right leg have 87.5% and 85.2% mild (+), and 12.5% and 14.8% weak (±) 

neutral mucins intensity respectively. However, lateral menisci of the left and right 

leg have respectively 80.4% and 83.3% mild (+), and 19.6%, and 16.7% weak (±) 

neutral mucins intensity. Moreover, the sides of the legs do not show a significant 

association between the medial and lateral meniscus. 
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Aldehyde fuchsin (AF) 

 

 

 

 

 

 

Figure 4.1.4a, the intensity of sulphomucins in the control group: magnification 

100x. 

Fig. 4.1.4a, shows assessment of histological staining intensity of aldehyde 

fuchsin (AF) in the extracellular matrix of sheep meniscus used as control group at 3 

regions (anterior, middle, posterior) of medial and lateral menisci of right leg: RMA, 

RMM, RMP, RLA, RLM and RLP with strong staining and a score (+ + +). 
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Figure 4.1.4b, the intensity of sulphomucins in the test group: magnification 100x. 

 Fig. 4.1.4b, shows an assessment of histological staining intensity of aldehyde 

fuchsin (AF) in the extracellular matrix of OA human meniscus used as a test group at 

3 regions (anterior, middle, posterior) of medial and lateral menisci of both legs: 

figure ‘A’ score: negative color intensity of AF (-), figure ‘B’ score: weak or variable 

color intensity of AF (±), figure ‘C’ score: mild color intensity of AF  (+) and figure 

‘D’ score: moderate color intensity of AF (+ +). 
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Table 4.1.4a: AF staining intensity of sulphomucins in medial meniscus of both 

legs. 

Aldehyde fuchsin staining intensity of sulphomucins 

Left Right Overall 

n1 % n2 % n % 

Control (normal) Strong  (+++) 1 100 1 100 2 100 

Test (OA menisci)        

Medial anterior 

Negative (-) 2 3.6 1 1.9 3 2.7 

*Weak (±) 38 67.9 37 68.5 75 68.2 

#
Mild (+) 14 25 12 22.2 26 23.6 

Moderate (++) 2 3.6 4 7.4 6 5.5 

Medial middle 

Negative (-) 0 0 2 3.7 2 1.8 

*Weak (±) 40 71.4 43 79.6 83 75.5 

#
Mild (+) 12 21.4 9 16.7 21 19.1 

Moderate (++) 4 7.1 0 0 4 3.6 

Medial posterior 

Negative (-) 0 0 2 3.7 2 1.8 

*Weak (±) 31 55.4 41 75.9 72 65.5 

#
Mild (+) 23 41.1 10 18.5 33 30 

Moderate (++) 2 3.6 1 1.9 3 2.7 

Note: * F- test = 77.15 (Weak), P < 0.05, # F- test = 11.80 (Mild), P < 0.05, n1+n2 = n 
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Table 4.1.4b:  AF staining intensity of sulphomucins in lateral meniscus of both 

legs. 

Aldehyde fuchsin staining intensity of sulphomucins 

Left Right Overall 

n1 % n2 % n % 

Control (normal) Strong  (+++) 1 100 1 100 2 100 

Test (OA menisci)        

Lateral anterior 

Negative (-) 1 1.8 0 0 1 0.9 

*Weak (±) 41 73.2 41 75.9 82 74.5 

#
Mild (+) 14 25 12 22.2 26 23.6 

Moderate (++) 0 0 1 1.9 1 0.9 

Lateral middle 

Negative (-) 1 1.8 2 3.7 3 2.7 

*Weak (±) 40 71.4 41 75.9 81 73.6 

#
Mild (+) 11 19.6 10 18.5 21 19.1 

Moderate (++) 4 7.1 1 1.9 5 4.5 

Lateral posterior 

Negative (-) 1 1.8 2 3.7 3 2.7 

*Weak (±) 35 62.5 39 72.2 74 67.3 

#
Mild (+) 18 32.1 12 22.2 30 27.3 

Moderate (++) 2 3.6 1 1.9 3 2.7 

Note: * F- test = 46.15 (Weak), P < 0.05, # F- test = 6.01 (Mild), P < 0.05, n1+n2 = n 
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Table 4.1.4a, reveals a histochemical assessment of aldehyde fuchsin staining 

intensity level in the extracellular matrix of medial menisci of the left and right legs. 

The study showed a strong staining intensity of aldehyde fuchsin in the control and its 

score of three plus (+ + +) sulphomucins. It is present in both legs of the medial and 

lateral menisci of sheep. The test observed in the left leg medial meniscus anterior 

part (LMA) was 3.6 % negative, 67.9 % weak, 25 % mild and 3.6 % moderate 

staining intensity of aldehyde fuchsin, while it was   71.4% weak, 21.4 % mild and 

7.1 % moderate in the left leg medial meniscus middle part (LMM). Similarly, the 

staining intensity in the left leg medial meniscus posterior part (LMP) was 55.4 % 

weak, 41.1 % mild, and 3.6 % moderate. Right leg medial meniscus anterior part 

(RMA) was 1.9 % negative, 68.5 % weak, 22.2 % mild and 7.4 % moderate staining 

intensity, while it was 3.7 % negative, 79.6 % weak, and 16.7 % mild staining 

intensity in  RMM. Similarly, the staining intensity in RMP was 3.7 % negative, 75.9 

% weak, 18.5 % mild and 1.9 % moderate. 

The result in left leg lateral meniscus anterior part (LLA) had 1.8 % negative, 

73.2 % weak, and 25 % mild staining intensity of aldehyde fuchsin, while it was 1.8 

% negative, 71.4 % weak, 19.6 % mild and 7.1 % moderate in the left leg lateral 

meniscus middle part (LLM). Similarly, staining intensity in the left leg lateral 

meniscus posterior part (LLP) was 1.8% negative, 62.5% weak, 32.1% mild and 3.6% 

moderate. The right leg lateral meniscus anterior part (RLA) showed   75.9% weak, 

22.2% mild and 1.9% moderate staining intensity. While, it was negative 3.7%, weak 

75.9%, mild  18.5% and moderate1.9%  staining intensity in RLM. Similarly, the 

staining intensity in RLP was 3.7 % negative, 72.2 % weak, 22.2% mild and 1.9% 

moderate (Table 4.1.4b). 
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Table 4.1.4c: Results of test statistics used in aldehyde fuchsin intensity of 

sulphomucins – different parts of medial and lateral menisci on sides of the legs. 

Aldehyde fuchsin staining intensity of sulphomucins 

Source of variation d.f. s.s M.S.S. F-test p-Value 

Medial menisci anterior/middle/posterior (negative) 

between 2 1.388571 0.694286 

0.007892 >0.05 within 4 351.9 87.975 

total 6 

  

Medial menisci anterior/middle/posterior (weak) 

between 2 4211.723 2105.861 

77.15556 <0.05 within 227 6195.672 27.29371 

total 229 

  

Medial menisci anterior/middle/posterior (mild) 

between 2 1606.694 803.3469 

11.80116 <0.05 within 77 5241.665 68.07358 

total 79 

  

Medial menisci anterior/middle/posterior (moderate) 

between 2 18.26769 9.133846 

0.105163 >0.05 within 10 868.545 86.8545 

total 12 
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Lateral menisci anterior/middle/posterior (negative) 

between 2 2.777143 1.388571 

0.015857 >0.05 within 4 350.28 87.57 

total 6 

  

Lateral menisci anterior/middle/posterior (weak) 

between 2 2353.785 1176.892 

46.1557 <0.05 within 234 5966.605 25.49831 

total 236 

  

Lateral menisci anterior/middle/posterior (mild) 

between 2 832.4143 416.2071 

6.010968 <0.05 within 74 5123.855 69.24128 

total 76 

  

Lateral menisci anterior/middle/posterior (moderate) 

between 2 13.68 6.84 

0.079084 >0.05 within 6 518.94 86.49 

total 8 

   

S.S- Sum of Square, M.S.S.-Mean Sum of Square, d.f.-Degree of Freedom 

Table 4.1.4c states the results of test statistics used in the different parts 

(anterior, middle, and posterior) of medial and lateral OA meniscus of AF.  Staining 

intensity of sulphomucins on both sides of the legs showed significant mild (+) and 

weak (±) varying by F-test (p- <0.05). 
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Table 4.1.4d: Association of aldehyde fuchsin color intensity of sulphomucins – 

medial and lateral menisci on side of the legs. 

Aldehyde fuchsin - 

sulphomucins 

Side 

Chi-square (df), 

p-value 
Left Right 

n % n % 

Medial 

Negative 0 0 2 3.7 

6.238 (3), 0.101 

Weak 15 26.8 7 13 

Mild 33 58.9 40 74.1 

Moderate 8 14.3 5 9.3 

Lateral 

Negative 1 1.8 2 3.7 

0.864 (3), 0.834 

Weak 8 14.3 7 13 

Mild 42 75 42 77.8 

Moderate 5 8.9 3 5.6 

Table 4.1.4d states the association in the medial and lateral OA meniscus of AF color 

intensity of sulphomucins on both sides of the legs. Medial menisci of the left and 

right leg had 26.8% and 13 % weak, 58.9 % and 74.1% mild sulphomucin, intensity 

respectively. However, lateral menisci of the left and right leg had respectively 14.3% 

and 13% weak, 75%, and 77.8% mild sulphomucin intensity. Moreover, the sides of 

the legs do not show a significant association between the medial and lateral 

meniscus. 
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Mucicarmine stain (MC) 

 

 

 

 

 

 

Figure 4.1.5a - The intensity of acid mucopolysaccharides in the control group: 

magnification 100x. 

Fig 4.1.5a, shows an assessment of the histological staining intensity of Mucicarmine 

in the extracellular matrix of sheep meniscus used as control group at 3 regions 

(anterior, middle, posterior) of medial and lateral menisci of right leg: RMA, RMM, 

RMP, RLA, RLM, and RLP with moderate staining and a score (+ + ).   

 

 

 

 

Figure 4.1.5b - The intensity of acid mucopolysaccharides in test group: 

magnification 100x. 

Fig. 4.1.5b shows an assessment of histological staining intensity of Mucicarmine in 

the extracellular matrix of OA human meniscus used as a test group at 3 regions 

(anterior, middle, posterior) of medial and lateral menisci of both legs: figure ‘A’ 

score: negative (-), figure ‘B’ score: weak or variable stain (±), and figure ‘C’ score: 

Slight or mild stain (+) staining intensity of acid mucopolysaccharides. 
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Table 4.1.5a: Mucicarmine staining intensity level in medial menisci of both legs. 

Mucicarmine: Acid mucopolysaccharides 

Left Right Overall 

n1 % n2 % n % 

Control (normal) Moderate (++) 1 100 1 100 2 100 

Test (OA) menisci        

Medial anterior 

*Negative (-) 46 82.1 43 79.6 89 80.9 

#
Weak (±) 10 17.9 11 20.4 21 19.1 

Medial middle 

*Negative (-) 54 96.4 46 85.2 100 90.9 

#
Weak (±) 2 3.6 8 14.8 10 9.1 

Medial posterior 

*Negative (-) 52 92.9 47 87 99 90 

#
Weak (±) 4 7.1 7 13 11 10 

Note: * F = 248.7 (Negative), P < 0.05, # F = 6.15 (Weak), P < 0.05, n1+n2 = n 
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Table 4.1.5b: Mucicarmine staining intensity level in lateral menisci of both legs. 

Mucicarmine: Acid mucopolysaccharides 

Left Right Overall 

n1 % n2 % n % 

Control (normal) Moderate (++) 1 100 1 100 2 100 

Test (OA) menisci        

Lateral anterior 

*Negative (-) 52 92.9 50 92.6 102 92.7 

#
Weak (±) 4 7.1 4 7.4 8 7.3 

Lateral middle 

*Negative (-) 47 83.9 44 81.5 91 82.7 

#
Weak (±) 9 16.1 10 18.5 19 17.3 

Lateral posterior 

*Negative (-) 56 100 51 94.4 107 97.3 

#
Weak (±) 0 0 3 5.6 3 2.7 

Note: * F = 682.7 (Negative), P < 0.05, # F = 5.90 (Weak), P < 0.05, n1+n2 = n 

Table 4.1.5a, reveals a histochemical assessment of mucicarmine staining 

intensity level in the extracellular matrix of medial menisci of the left and right legs. 

The study showed the moderate staining intensity of mucicarmine in the control and 

its score of two plus (+ +). It is present in both legs of the medial and lateral menisci 

of sheep. The test observation made in the left leg medial meniscus anterior part 

(LMA) was 17.9% weak and 82.1% negative (acid mucopolysaccharides) staining 

intensity of mucicarmine while it was 3.6% weak and 96.4% negative (acid 

mucopolysaccharides) in the left leg medial meniscus middle part (LMM). Similarly, 

the staining intensity in the left leg medial meniscus posterior part (LMP) was 7.1% 

weak and 92.9% negative (acid mucopolysaccharides). Right leg medial meniscus 
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anterior part (RMA) was 20.4% weak and 79.6% negative (acid 

mucopolysaccharides) staining intensity while it was 14.8% weak and 85.2% negative 

(acid mucopolysaccharides) staining intensity in RMM. Similarly, the staining 

intensity in RMP was 13% weak and 87% negative (acid mucopolysaccharides). 

Similarly, (Table 4.1.5b) the result made in the  left leg lateral meniscus 

anterior part (LLA) had 7.1% weak and 92.9% negative (acid mucopolysaccharides)  

staining intensity of Mucicarmine while it was 16.1% weak and 83.9% negative (acid 

mucopolysaccharides) in the left leg lateral meniscus middle part (LLM). On similar 

lines, staining intensity in the left leg lateral meniscus posterior part (LLP) was 100% 

negative (acid mucopolysaccharides). The right leg lateral meniscus anterior part 

(RLA) showed 7.4% weak and 92.6% negative (acid mucopolysaccharides) staining 

intensity. While it was 18.5% weak and 81.5% negative (acid mucopolysaccharides) 

staining intensity in RLM. Similarly, the staining intensity in RLP was 5.6% weak 

and 94.4% negative (acid mucopolysaccharides). 
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Table 4.1.5c: Results of test statistics used in mucicarmine intensity of acid 

mucopolysaccharides – different parts of medial and lateral menisci on sides of 

the legs. 

Mucicarmine: Acid mucopolysaccharides 

Source of variation d.f. s.s M.S.S. F-test p-Value 

Medial menisci anterior/middle/posterior (negative) 

between 2 5651.59 2825.795 

248.7453 <0.05 within 285 3237.656 11.36019 

total 287 
  

Medial menisci anterior/middle/posterior (weak) 

between 2 957.5764 478.7882 

6.153964 <0.05 within 39 3034.262 77.8016 

total 41 
  

Lateral menisci anterior/middle/posterior (negative) 

between 2 10782.26 5391.132 

682.7074 <0.05 within 297 2345.318 7.896695 

total 299 
  

Lateral menisci anterior/middle/posterior (weak) 

between 2 928.5987 464.2993 

5.905806 <0.05 within 27 2122.671 78.61743 

total 29 
  S.S- Sum of Square, M.S.S.-Mean Sum of Square, d.f.-Degree of Freedom 

Table 4.1.5c, states the results of test statistics used in the different parts (anterior, 

middle, and posterior) of medial and lateral OA meniscus of mucicarmine. Intensity 

of acid mucopolysaccharides on both sides of the legs showed significant negative (-) 

and weak (±) varying by F-test (p- <0.05). 
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Table 4.1.5d: Association of mucicarmine staining intensity of acid 

mucopolysaccharides – medial and lateral menisci on side of the legs. 

Mucicarmine: Acid 

mucopolysaccharides 

Side 

Chi-square (df), p-value Left Right 

n % n % 

Medial 

Negative 42 75 34 63 

1.86(1), 0.172 

Weak 14 25 20 37 

Lateral 

Negative 45 80.4 42 77.8 

0.11(1), 0.739 

Weak 11 19.6 12 22.2 

Table 4.1.5d, states the association in the medial and lateral OA meniscus of 

mucicarmine staining intensity of acid mucopolysaccharides on both sides of the legs. 

Medial menisci of the left and right leg have 75% and 63% negative, 25% and 37% 

weak color intensity of acid mucopolysaccharides respectively. However, lateral 

menisci of the left and right legs have respectively 80.4% and 77.8% negative, 19.6% 

and 22.2% weak staining intensity of acid mucopolysaccharides. Moreover, the sides 

of the legs do not show a significant association between the medial and lateral 

meniscus. 
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Hyaluronidase enzyme labile technique 

 

 

 

 

 

Figure 4.1.6a: The intensity of hyaluronic acid in the control group of sheep menisci: 

magnification 100x. 

Fig. 4.1.6a. shows an assessment of the histological staining intensity of 

hyaluronic acid in the extracellular matrix of sheep meniscus used as control group 

and sections treated with bovine testicular   hyaluronidase at 3 regions (anterior, 

middle, posterior) of medial and lateral menisci of right leg: RMA, RMM, RMP, 

RLA, RLM, and RLP showed negative staining intensity with score (-). Note: While 

treated with bovine testicular hyaluronidase, negative (-) intensity indicate that there 

is presence of hyaluronic acid. 
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Figure 4.1.6b. The intensity of hyaluronic acid in the test group of OA menisci: 

magnification 100x. 

Fig. 4.1.6b: shows an assessment of the histological staining intensity of 

hyaluronic acid in the extracellular matrix of OA human meniscus used as a test group 

and sections treated with bovine testicular hyaluronidase at 3 regions (anterior, 

middle, posterior) of medial and lateral menisci of both legs: figure ‘A’ score: Mild 

(+), figure ‘B’ score: Weak or variable stain (±), and figure ‘C’ score: Negative 

intensity (-). Note: When treated with bovine testicular hyaluronidase, negative (-) 

intensity indicated that there is presence of hyaluronic acid. Weak or variable (±) blue 

color intensity indicated the weak presence of hyaluronic acid and mild (+) blue color 

intensity indicated a total absence of hyaluronic acid. 
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Table 4.1.6a: Hyaluronidase enzyme labile stain level in medial menisci of both 

legs. 

Hyaluronidase enzyme : (Hyaluronic 

acid) 

Left Right Overall 

n1 % n2 % n % 

Control (normal) Negative (-) 1 100 1 100 2 100 

Test (OA menisci)        

Medial anterior 

*Negative (-) 8 14.3 6 11.1 14 12.7 

Weak (±) 20 35.7 18 33.3 38 34.5 

#
Mild (+) 28 50.0 30 55.6 58 52.7 

Medial middle 

*Negative (-) 10 17.9 8 14.8 18 16.4 

Weak (±) 17 30.4 22 40.7 39 35.5 

#
Mild (+) 29 51.8 24 44.4 53 48.2 

Medial posterior 

*Negative (-) 13 23.2 10 18.5 23 20.9 

weak (±) 20 35.7 18 33.3 38 34.5 

#
Mild (+) 23 41.1 26 48.1 49 44.5 

Note: * F- test = 4.05 (Negative), P < 0.05, # F- test = 19.36 (Mild), P < 0.05, n1+n2 = n 
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Table 4.1.6b: Hyaluronidase enzyme labile stain level in lateral menisci of both 

legs. 

Hyaluronidase enzyme : (Hyaluronic 

acid) 

Left Right Overall 

n1 % n2 % n % 

Control (normal) Negative (-) 1 100 1 100 2 100 

Test (OA menisci)        

Lateral anterior 

Negative (-) 10 17.9 9 16.7 19 17.3 

*Weak (±) 22 39.3 25 46.3 47 42.7 

#
Mild (+) 24 42.9 20 37.0 44 40.0 

Lateral middle 

Negative (-) 11 19.6 8 14.8 19 17.3 

*Weak (±) 20 35.7 23 42.6 43 39.1 

#
Mild (+) 25 44.6 23 42.6 48 43.6 

Lateral posterior 

Negative (-) 10 17.9 6 11.1 16 14.5 

*Weak (±) 22 39.3 20 37.0 42 38.2 

#
Mild (+) 24 42.9 28 51.9 52 47.3 

Note: * F- test =4.70 (Weak), P < 0.05, # F- test = 12.47 (Mild), P < 0.05, n1+n2 = n 

Table 4.1.6a, reveals a histochemical assessment of hyaluronidase enzyme 

labile staining intensity level in the extracellular matrix of medial menisci of the left 

and right legs. The study showed the negative (-) staining intensity of hyaluronidase 

enzyme labile in the control and its score of (-) present of hyaluronic acid. It is 

present in both legs of the medial and lateral menisci of sheep. The test observation 
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made in the left leg medial meniscus anterior part (LMA) was 14.3% negative, 

35.7% weak and 50% mild staining intensity of hyaluronidase enzyme labile 

technique. While it was 17.9% negative, 30.4% weak and 51.8% mild in the left leg 

medial meniscus middle part (LMM). Similarly, the staining intensity in the left leg 

medial meniscus posterior part (LMP) was 23.2% negative, 35.7% weak and 41.1% 

mild. Right leg medial meniscus anterior part (RMA) was 11.1% negative, 33.3% 

weak and 55.6% mild staining intensity, while it was 14.8 % negative, 40.7% weak 

and 44.5% mild staining intensity in RMM. Similarly, the staining intensity in RMP 

was 18.5% negative, 33.3% weak and 48.2% mild.  

Similarly, in the left leg lateral meniscus anterior part (LLA) had 17.0% 

negative, 39.3% weak and 42.9% mild staining intensity of hyaluronidase enzyme 

labile technique, while it was 19.6% negative, 35.7% weak and 44.6% mild in the 

left leg lateral meniscus middle part (LLM). Again, staining intensity in the left leg 

lateral meniscus posterior part (LLP) was 17.9% negative, 39.3% weak and 42.9% 

mild. The right leg lateral meniscus anterior part (RLA) showed 16.7% negative, 

46.3% weak and 37.0% staining intensity. It was negative at 14.8%, weak at 42.6%, 

and 42.6% mild staining intensity in RLM. Similarly, the staining intensity in RLP 

was 11.1% negative, 37.0% weak, and 51.9% mild (Table 4.1.6b).  
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Table 4.1.6c: Results of test statistics used in hyaluronidase enzyme intensity for 

hyaluronic acid – different parts of medial and lateral menisci on sides of the 

legs. 

Hyaluronidase enzyme : (Hyaluronic acid) 

Source of variation d.f. s.s M.S.S. F-test p-Value 

Medial menisci anterior/middle/posterior (negative) 

between 2 608.812 304.406 

4.052824 <0.05 within 52 3905.7 75.10961 

total 54 

  

Medial menisci anterior/middle/posterior (weak) 

between 2 25.77391 12.88696 

0.217646 >0.05 within 112 6631.604 59.21075 

total 114 

  

Medial menisci anterior/middle/posterior (mild) 

between 2 1805.609 902.8047 

19.36679 <0.05 within 157 7318.731 46.61612 

total 159 

  

Lateral menisci anterior/middle/posterior (negative) 

between 2 88.27259 44.1363 

0.581178 >0.05 within 51 3873.085 75.94283 

total 53 
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Lateral menisci anterior/middle/posterior (weak) 

between 2 512.3373 256.1686 

4.70401 <0.05 within 129 7025.017 54.4575 

total 131 

  

Lateral menisci anterior/middle/posterior (mild) 

between 2 1274.092 637.0461 

12.47889 <0.05 within 141 7198.038 51.04991 

total 143 

   

S.S- Sum of Square, M.S.S.-Mean Sum of Square, d.f.-Degree of Freedom 

Table 4.1.6c, states the results of test statistics used in the different parts (anterior, 

middle, and posterior) of medial and lateral OA meniscus of hyaluronidase enzyme 

intensity for hyaluronic acid on both sides of the legs showing significant on negative 

(-) and mild (+) for medial meniscus and weak (±) and mild (+) for lateral meniscus 

varying by F-test (p- <0.05). 
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Table 4.1.6d: Association of hyaluronidase enzyme labile staining intensity of 

hyaluronic acid – medial and lateral menisci on sides of the legs. 

Hyaluronidase enzyme: 

(Hyaluronic acid) 

Side 

chi square (df), 

p-value 
Left Right 

n % n % 

Medial 

Negative (-) 9 16.1 8 14.8 

0.906 (2), 0.636 Weak (±) 16 28.6 20 37.0 

Mild (+) 31 55.4 26 48.1 

Lateral 

Negative (-) 12 21.4 5 9.3 

3.152 (2), 0.207 Weak (±) 18 32.1 21 38.9 

Mild (+) 26 46.4 28 51.9 

Table 4.1.6d: states the association in the medial and lateral OA meniscus of 

hyaluronidase enzyme labile staining intensity of hyaluronic acid on both sides of the 

legs. Medial menisci of the left and right leg have 55.4% and 48.1% mild (+), 28.6% 

and 37.0% weak (±), and 16.1% and 14.8% negative (-) of hyaluronic acid 

respectively. However, lateral menisci of the left and right leg have respectively 

46.4% and 51.9% mild (+), 32.1 and 38.9% weak (±), and 21.4% and 9.3% negative 

(-) of hyaluronic acid. Moreover, the sides of the legs do not show a significant 

association between the medial and lateral meniscus. 
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Combine PAS + AB-2.5 

 

 

 

 

 

 

Figure 4.1.7a: - The Intensity of neutral and acidic mucins in the control group: 

magnification 100x. 

Fig. 4.1.7a: shows an assessment of the histological staining intensity of PAS 

+ AB -2.5 in the extracellular matrix of sheep meniscus used as control group at 3 

regions (anterior, middle, posterior) of medial and lateral menisci of right leg: RMA, 

RMM, RMP, RLA, RLM and RLP showed strong staining with score (+ + + ) of both 

stains. 
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Figure 4.1.7b: - The intensity of neutral and acidic mucins in the test group: 

magnification 100x. 

Fig. 4.1.7b: shows an assessment of the histological staining intensity of 

PAS+AB-2.5 in the extracellular matrix of OA human meniscus used as a test group 

at 3 regions (anterior, middle, posterior) of medial and lateral menisci of both legs: 

figure ‘A’ score: moderate PAS (+ +) and mild AB-2.5 (+) , figure ‘B’ score mild 

PAS (+) and weak AB-2.5 (±). , figure ‘C’ score weak PAS (±) and weak AB-2.5 (±) 

staining intensity. 
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Table 4.1.7a: PAS + AB -2.5 staining intensity of neutral and acidic mucins in 

medial menisci of both legs. 

PAS + AB- 2.5 for neutral and acidic 

mucins. 

Left Right Overall 

n1 % n2 % n % 

Control (normal) Strong (+++ P/AB) 1 100 1 100 2 100 

Test (OA menisci) 

       

Medial anterior 

*Mild +P 45 51.7 42 48.3 87 79.1 

Moderate ++P 2 28.6 5 71.4 7 6.4 

Weak ± P 9 56.3 7 43.8 16 14.5 

Mild +AB 2 28.6 5 71.4 7 6.4 

#
Weak  ± AB 54 52.4 49 47.6 103 93.6 

Medial middle 

*Mild +P 48 54.5 40 45.5 88 80.0 

Moderate ++P 3 27.3 8 72.7 11 10.0 

Weak ± P 5 45.5 6 54.5 11 10.0 

Mild +AB 3 27.3 8 72.7 11 10.0 

#
Weak ± AB 53 53.5 46 46.5 99 90.0 

Medial posterior 

*Mild  +P 41 48.8 43 51.2 84 76.4 

Moderate ++P 5 55.6 4 44.4 9 8.2 

Weak ± P 10 58.8 7 41.2 17 15.5 

Mild +AB 5 55.6 4 44.4 9 8.2 

#
Weak ± AB 51 50.5 50 49.5 101 91.8 

Note: * F- test = 15.65 (Mild +P), P < 0.05, 
# 
F- test = 45.01 (Weak ±A), P < 0.05, n1+n2 

= n, P/AB: PAS/Alcian blue-2.5 
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Table 4.1.7b: PAS + AB -2.5 staining intensity of neutral and acidic mucins in 

lateral menisci of both legs. 

PAS + AB- 2.5 for neutral and acidic mucins. 

Left Right Overall 

n1 % n2 % n % 

Control (normal) Strong (+++ P/AB) 1 100 1 100 2 100 

Test (OA menisci) 

       

Lateral anterior 

*Mild +P 48 51.6 45 48.4 93 84.5 

Moderate ++P 5 62.5 3 37.5 8 7.3 

Weak ± P 3 33.3 6 66.7 9 8.2 

Mild +AB 5 62.5 3 37.5 8 7.3 

#
Weak ± AB 51 50.0 51 50.0 102 92.7 

Lateral middle 

*Mild +P 51 51.0 49 49.0 100 90.9 

Moderate ++P 2 66.7 1 33.3 3 2.7 

Weak ± P 3 42.9 4 57.1 7 6.4 

Mild +AB 2 66.7 1 33.3 3 2.7 

#
Weak ± AB 54 50.5 53 49.5 107 97.3 

Lateral posterior 

*Mild +P 50 52.1 46 47.9 96 87.3 

Moderate ++P 5 50.0 5 50.0 10 9.1 

Weak ± P 1 25.0 3 75.0 4 3.6 

Mild +AB 5 50.0 5 50.0 10 9.1 

#
Weak ± AB 51 51.0 49 49.0 100 90.9 

Note: * F- test = 87.85 (Mild +P), P < 0.05, 
# 

F- test = 196.08 (Weak ±A), P < 0.05 

n1+n2 = n, P/AB: PAS/Alcian blue-2.5 
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Table 4.1.7a, reveals a histochemical assessment of PAS + AB-2.5 staining 

intensity level in the extracellular matrix of medial menisci of the left and right legs. 

The study showed a strong staining intensity of PAS + AB-2.5 in the control and its 

score of three plus (+ + +). It is present in both legs of the medial and lateral menisci 

of sheep. The test observation made in the left leg medial meniscus anterior part 

(LMA) was 51.7% mild, 28.6% moderate and 56.3% weak PAS +ve (neutral mucin), 

while 26.8% mild and 52.4% weak (acidic mucins) staining intensity of PAS + AB-

2.5. It was 54.5% mild, 27.3% moderate and 45.5% weak PAS +ve (neutral mucin), 

while 27.3% mild and 53.5% weak (acidic mucins) in the left leg medial meniscus 

middle part (LMM). Similarly, the staining intensity in the left leg medial meniscus 

posterior part (LMP) was 48.8% mild, 55.6% moderate and 58.8% weak PAS +ve 

(neutral mucin), while 55.6% mild and 50.5% (acidic mucins). Right leg medial 

meniscus anterior part (RMA) was 48.3% mild, 71.4% moderate and 43.8% weak 

PAS +ve (neutral mucin), while 71.4% mild and 47.6% weak (acidic mucins) staining 

intensity, whereas it was 45.5% mild, 72.7% moderate and 54.5% weak PAS +ve 

(neutral mucin), while 72.7% mild and 46.5% weak (acidic mucins) staining intensity 

in  RMM. Similarly, the staining intensity in RMP was 51.2% mild, 44.4% moderate 

and 41.2% weak PAS +ve (neutral mucin), while 44.4 % mild and 49.5 % weak 

(acidic mucins).  

Similarly, table 4.1.7b, shows the results of the left leg lateral meniscus 

anterior part (LLA) had 51.6% mild, 62.5% moderate and 33.3% weak PAS +ve 

(neutral mucin), while 62.5% mild and 50.0% weak (acidic mucins) staining intensity 

of PAS + AB-2.5, while it was 51.0% mild, 66.7% moderate and 42.9% weak PAS 

+ve (neutral mucin), while 66.7% mild and 50.5% weak (acidic mucins) in the left leg 

lateral meniscus middle part (LLM). Also, staining intensity in the left leg lateral 
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meniscus posterior part (LLP) was 52.1% mild, 50.0% moderate and 25.0% weak 

PAS +ve (neutral mucin), while 50.0% mild and 51.0% weak (acidic mucins). The 

right leg lateral meniscus anterior part (RLA) showed 48.4% mild, 37.5% moderate 

and 66.7% weak PAS +ve (neutral mucin), while 37.5% mild and 50.0% weak (acidic 

mucins) staining intensity. It was 49.0 % mild, 33.3% moderate and 57.1% weak PAS 

+ve (neutral mucin), while 33.3% mild and 49.5% weak (acidic mucins) staining 

intensity in RLM. Similarly, the staining intensity in RLP was 47.9% mild, 50.0% 

moderate and 75.0% weak PAS +ve (neutral mucin), while 50.0% mild and 49.0% 

weak (acidic mucins). 

 

 

 

 

 

 

 

 

 

 

 



Results 

 Page 120 
 

Table 4.1.7c: Results of test statistics used in PAS + AB-2.5 color intensity of 

neutral and acidic mucins – different parts of medial menisci on sides of the legs. 

PAS + AB-2.5  (Neutral and acidic mucins) 

Source of variation d.f. s.s M.S.S. F-test p-Value 

Medial menisci anterior/middle/posterior (mild +P) 

between 2 611.6979 305.8489 

15.65947 <0.05 within 256 5000 19.53125 

total 258 

  Medial menisci anterior/middle/posterior (moderate + +P) 

between 2 57.54515 28.77257 

0.345843 >0.05 within 24 1996.694 83.19559 

total 26 

  Medial menisci anterior/middle/posterior (weak ± P) 

between 2 214.1998 107.0999 

1.366571 >0.05 within 41 3213.223 78.3713 

total 43 

  Medial menisci anterior/middle/posterior (mild +AB) 

between 2 57.54515 28.77257 

0.345843 >0.05 within 24 1996.694 83.19559 

total 26 

  Medial menisci anterior/middle/posterior (weak ± AB) 

between 2 667.594 333.797 

45.01052 <0.05 within 300 2224.793 7.415978 

total 302 

  
S.S- Sum of Square, M.S.S.-Mean Sum of Square, d.f.-Degree of Freedom. 

 Table 4.1.7c: states the results of test statistics used in different parts (anterior, 

middle, and posterior) of medial OA meniscus of PAS + AB-2.5. Staining intensity of 

neutral and acidic mucins on both sides of the legs showing significant on mild (+) 

PAS and weak (±) AB varying by F-test (p- <0.05). 
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Table 4.1.7d: Results of test statistics used in PAS + AB-2.5 color intensity of 

neutral and acidic mucins – different parts of lateral menisci on sides of the legs. 

PAS + AB-2.5  (neutral and acidic mucins) 

Source of variation d.f. s.s M.S.S. F-test p-Value 

Lateral menisci anterior/middle/posterior (mild +P) 

between 2 1972.181 986.0905 

87.85955 <0.05 within 286 3209.917 11.22349 

total 288 

  Lateral menisci anterior/middle/posterior (moderate ++P) 

between 2 94.05746 47.02873 

0.560331 >0.05 within 18 1510.744 83.93021 

total 20 

  Lateral menisci anterior/middle/posterior (weak ± P) 

between 2 58.01653 29.00826 

0.342144 >0.05 within 17 1441.322 84.78367 

total 19 

  Lateral menisci anterior/middle/posterior (mild +AB) 

between 2 94.05746 47.02873 

0.560331 >0.05 within 18 1510.744 83.93021 

total 20 

  Lateral menisci anterior/middle/posterior (weak ± AB) 

between 2 2241.167 1120.584 

196.0809 <0.05 within 306 1748.76 5.714903 

total 308 

  
S.S- Sum of Square, M.S.S.-Mean Sum of Square, d.f.-Degree of Freedom. 

 Table 4.1.7d: states the results of test statistics used in the different parts 

(anterior, middle, and posterior) of lateral OA meniscus of PAS + AB-2.5. Staining 

intensity of neutral and acidic mucins on both sides of the legs showed significant 

mild (+) PAS and weak (±) AB varying by F-test (p- <0.05). 
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Table 4.1.7e: Association of PAS + AB-2.5 color intensity of neutral and acidic 

mucins – medial and lateral menisci on sides of the legs. 

PAS + AB-2.5 (neutral and 

acidic) mucins 

Side 
Chi-square                          

(df), p-value 
Left Right 

n % n % 

Medial 

Mild (+P) 40 69.0 37 67.3 

3.649 (3), 0.456 

Moderate (+ +P) 9 15.5 11 20.0 

Mild (+AB) 0 0.0 3 5.7 

Weak  (± AB) 54 100.0 50 94.3 

Weak (± P) 9 15.5 7 12.7 

Lateral 

Mild (+P) 47 79.7 45 78.9 

0.213 (4), 0.995 

Moderate (+ +P) 9 15.3 8 14.0 

Mild (+AB) 3 5.7 3 5.9 

Weak  (± AB) 50 94.3 48 94.1 

Weak (± P) 3 5.1 4 7.0 

 Table 4.1.7e: states the association in the medial and lateral OA meniscus of 

PAS + AB-2.5 color intensity of neutral and acidic mucins on both sides of the legs. 

Medial menisci of the left and right leg have 69.0% and 67.3% mild (+P), 15.5% and 

20.0% moderate (+ +P), and 15.5% and 12.7% weak (± P) PAS +ve (neutral) mucin 

intensity respectively. However, acidic mucins have 100% and 94.3% weak (± AB) 

and 5.7% mild (+AB) on the right side of the leg. While lateral menisci of the left and 

right leg have respectively 79.7% and 78.9% mild (+P), 15.3%, and 14.0% moderate 

(+ +P), and 5.1% and 7.0% weak (± P) PAS +ve (neutral) mucin intensity. Whereas, 

staining intensity of acidic mucins have 94.3% and 94.1% weak (± AB), and 5.7% 

and 5.9% mild (+AB) respectively. However, the sides of the legs do not show a 

significant association between the medial and lateral meniscus. 
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AF + AB-2.5 (combine technique) 

 

 

 

 

 

Figure 4.1.8a - The Intensity of AF + AB 2.5 (sulfated + carboxylated) mucins in the 

control group: magnification 100x. 

Fig 4.1.8a: shows an assessment of the histological staining intensity of AF + AB 2.5 

in the extracellular matrix of sheep meniscus used as control group at 3 regions 

(anterior, middle, posterior) of medial and lateral menisci of right leg: RMA, RMM, 

RMP, RLA, RLM, and RLP showed moderate staining with score (+ + ).  

  

 

 

 

Figure 4.1.8b. The intensity of AF + AB 2.5 (sulfated + carboxylated) mucins in the 

test group: magnification 100x. 

Fig. 4.1.8b shows an assessment of the histological staining intensity of AF + 

AB 2.5 in the extracellular matrix of OA human meniscus used as a test group at 3 

regions (anterior, middle, posterior) of medial and lateral menisci of both legs. Figure 

‘A’ score: mild color intensity of AB (+) and weak AF (±), figure ‘B’ score: mild 

RMA RMM RMP 

RLA RLM RLP 

 500 µm  500 µm  500 µm 

 500 µm  500 µm  500 µm 
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color intensity of AF (+) and weak staining intensity of AB (±), and figure ‘C’ score: 

weak staining intensity of AB (±) and AF (±).  

Table 4.1.8a: AF + AB 2.5 staining intensity of sulfated + carboxylated mucins in 

medial menisci of both legs. 

AF + AB 2.5 (sulfated + carboxylated) 

mucins 

Left Right Overall 

n1 % n2 % n % 

Control (normal) Moderate (++) AF & AB 1 100 1 100 2 100 

Test (OA) menisci 

       

Medial anterior 

Mild (+) AB 3 50.0 3 50.0 6 5.5 

*Weak (±) AB 53 51.0 51 49.0 104 94.5 

#
Mild (+) AF 28 49.1 29 50.9 57 51.8 

$
Weak (±) AF 28 52.8 25 47.2 53 48.2 

Medial middle 

Mild  (+) AB 4 57.1 3 42.9 7 6.4 

*Weak (±) AB 52 50.5 51 49.5 103 93.6 

#
Mild (+) AF 27 52.9 24 47.1 51 46.4 

$
Weak (±) AF 29 49.2 30 50.8 59 53.6 

Medial posterior 

 

Mild (+ ) AB 1 25.0 3 75.0 4 3.6 

*Weak (±) AB 55 51.9 51 48.1 106 96.4 

#
Mild (+) AF 19 47.5 21 52.5 40 36.4 

$
Weak(±)  AF 37 52.9 33 47.1 70 63.6 

Note: * F- test = 43.26 (Weak ±AB), P<0.05, # F- test = 57.23 (Mild +AF), P < 0.05,
 $

F-test 

= 95.41(Weak ±AF), P<0.05, n1+n2 = n, AB: Alcian blue 2.5, AF: Aldehyde fuschion 
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Table 4.1.8b: AF + AB 2.5 staining intensity of sulfated + carboxylated mucins 

in lateral menisci of left and right legs. 

AF + AB 2.5 (sulfated + carboxylated) mucins 

Left Right Overall 

n1 % n2 % n % 

Control (normal) 
Moderate (++) AF & 

AB 
1 100 1 100 2 100 

Test (OA) menisci 
       

Lateral anterior 

Mild (+) AB 0 0.0 2 100.0 2 1.8 

*Weak (±) AB 56 51.9 52 48.1 108 98.2 

#
Mild (+) AF 23 46.0 27 54.0 50 45.5 

$
Weak (±) AF 33 55.0 27 45.0 60 54.5 

Lateral middle 

Mild (+) AB 2 50.0 2 50.0 4 3.6 

*Weak (±) AB 54 50.9 52 49.1 106 96.4 

#
Mild (+) AF 25 48.1 27 51.9 52 47.3 

$
Weak (±) AF 31 53.4 27 46.6 58 52.7 

Lateral posterior 

Mild (+) AB 0 0.0 1 100.0 1 0.9 

*Weak (±) AB 56 51.4 53 48.6 109 99.1 

#
Mild (+) AF 23 48.9 24 51.1 47 42.7 

$
Weak (±) AF 33 52.4 30 47.6 63 57.3 

Note: * F- test = 107.8 (Weak ±AB), P<0.05, # F- test = 5.16 (Mild +AF), P < 0.05,
 $
F-test = 

7.75(Weak ±AF), P<0.05, n1+n2 = n, AB: Alcian blue 2.5, AF: Aldehyde fuschion 

Table 4.1.8a: reveals a histochemical assessment of AF + AB 2.5 staining 

intensity level in the extracellular matrix of medial menisci of the left and right legs. 

The study shows the moderate staining intensity of AF + AB 2.5 in the control and 

its score of two plus (+ +) sulfated + carboxylated mucins. It is present in both legs 
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of the medial and lateral menisci of sheep. However, the test observation made in the 

left leg medial meniscus anterior part (LMA) was 49.1% mild, 52.8 % weak (sulfated 

mucin), and 50.0 % mild and 51.0% weak (carboxylated mucin) staining intensity of 

AF + AB 2.5 while, it was 52.9% mild,  49.2% weak (sulfated mucin) and 57.1% 

mild, 50.5% weak (carboxylated mucin) in the left leg medial meniscus middle part 

(LMM). Similarly, the staining intensity in the left leg medial meniscus posterior part 

(LMP) was 47.5% mild, 52.9% weak (sulfated mucin) and 25.0 % mild, 51.9% weak 

(carboxylated mucin). Right leg medial meniscus anterior part (RMA) was 50.9 % 

mild, 47.2% weak (sulfated mucin) and 50.0 % mild, 49.0% weak (carboxylated 

mucin) staining intensity, while it was 47.1% mild, 50.8 % weak (sulfated mucin) 

and 42.9 % mild, 49.5% weak (carboxylated mucin)staining intensity in  RMM. 

Similarly, the staining intensity in RMP was 52.5% mild, 47.1 % weak (sulfated 

mucin) and 75.0% mild, 48.1% weak (carboxylated mucin). 

Similarly, table 4.1.8b, shows the result in the left leg lateral meniscus 

anterior part (LLA) had 46.0% mild, 55.0% weak (sulfated mucin), and 51.9% weak 

(carboxylated mucin) staining intensity of AF + AB 2.5, while it was  48.1% mild, 

53.4% weak (sulfated mucin) and 50.0 % mild, 50.9% weak (carboxylated mucin) in 

the left leg lateral meniscus middle part (LLM). Similarly, staining intensity in the 

left leg lateral meniscus posterior part (LLP) was 48.9 % mild, 52.4% weak (sulfated 

mucin), and 51.4% weak (carboxylated mucin). The right leg lateral meniscus 

anterior part (RLA) showed 54.0 % mild, 45.0% weak (sulfated mucin), and 100 % 

mild, 48.1% weak (carboxylated mucin) staining intensity. While, it was 46.6% mild, 

51.9% weak (sulfated mucin) and 50.0 % mild, 49.1% weak (carboxylated mucin) 

staining intensity in RLM. Similarly, the staining intensity in RLP was 51.1 % mild, 

47.6% weak (sulfated mucin), and 100 % mild, 48.6% weak (carboxylated mucin). 
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Table 4.1.8c: Results of test statistics used in AF + AB 2.5 staining intensity of 

sulfated + carboxylated mucins – different parts of medial menisci on sides of the 

legs. 

AF + AB 2.5 (sulfated + carboxylated) mucins 

Source of variation d.f. s.s M.S.S. F-test p-Value 

Medial menisci anterior/middle/posterior (weak ± AB) 

between 2 404.1666 202.0833 

43.26566 <0.05 within 310 1447.934 4.670754 

total 312 

  Medial menisci anterior/middle/posterior (moderate + AB) 

between 2 18.95965 9.479825 

0.110294 >0.05 within 14 1203.306 85.95041 

total 16 

  Medial menisci anterior/middle/posterior (weak ± AF) 

between 2 7649.133 3824.566 

95.41152 <0.05 within 179 7175.207 40.08495 

total 181 

  Medial menisci anterior/middle/posterior (mild + AF) 

between 2 5642.238 2821.119 

57.23466 <0.05 within 145 7147.107 49.2904 

total 147 

  
S.S- Sum of Square, M.S.S.-Mean Sum of Square, d.f.-Degree of Freedom. 

 Table 4.18c: states the results of test statistics used in the different parts 

(anterior, middle, and posterior) of medial OA meniscus of AF + AB 2.5. Staining 

intensity of sulfated + carboxylated mucins on both sides of the legs showing 

significant weak (±) AB, weak (±) AF and mild (+) AF varying by F-test (p- <0.05). 
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Table 4.1.8d: Results of test statistics used in AF + AB 2.5 staining intensity of 

sulfated + carboxylated mucins – different parts of medial menisci on sides of the 

legs. 

AF + AB 2.5 (sulfated + carboxylated) mucins 

Source of variation d.f. s.s M.S.S. F-test p-Value 

Lateral menisci anterior/middle/posterior (weak ± AB) 

between 2 413.3511 206.6755 

107.8501 <0.05 within 320 613.2231 1.916322 

total 322 
  

Lateral menisci anterior/middle/posterior (Moderate + AB) 

between 2 8.264463 4.132231 

0.046948 >0.05 within 4 352.0661 88.01653 

total 6 
  

Lateral menisci anterior/middle/posterior (weak ± AF) 

between 2 635.9984 317.9992 

7.758344 <0.05 within 178 7295.868 40.98802 

total 180 
  

Lateral menisci anterior/middle/posterior (mild + AF) 

between 2 513.8943 256.9471 

5.16056 <0.05 within 146 7269.421 49.79056 

total 148 
  

S.S- Sum of Square, M.S.S.-Mean Sum of Square, d.f.-Degree of Freedom. 

 Table 4.1.8d: states the results of test statistics used in different parts (anterior, 

middle, and posterior) of lateral OA meniscus of AF + AB 2.5. Staining intensity of 

sulfated + carboxylated mucins on both sides of the legs showing significant weak (±) 

AB, weak (±) AF and mild (+) AF varying by F-test (p- <0.05). 
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Table 4.1.8e: Association of AF + AB-2.5 color intensity of sulfated & 

carboxylated mucins – medial and lateral menisci on sides of the legs. 

AF + AB-2.5 (sulfated 

and carboxylated) mucins 

Side 

Chi-square (df), p-value Left Right 

n % n % 

Medial 

Weak (±) AB 52 98.1 50 96.2 

0.593 (3), 0.898 

Mild (+) AB 1 1.9 2 3.8 

Weak (±) AF 31 52.5 27 48.2 

Mild (+) AF 28 47.5 29 51.8 

Lateral 

Weak (±) AB 51 98.1 52 96.3 

0.871 (3), 0.833 

Mild (+) AB 1 1.9 2 3.7 

Weak (±) AF 33 55.0 27 50.0 

Mild (+) AF 27 45.0 27 50.0 

 Table 4.1.8e: stated the association in the medial and lateral OA meniscus of 

AF + AB-2.5 color intensity of sulfated & carboxylated mucins on both sides of the 

legs. Medial menisci of the left and right leg have 98.1% and 96.2% weak and 1.9% 

and 3.8% mild carboxylated mucins, whereas 52.5% and 48.2% weak, and 47.5% and 

51.8% mild sulfated mucins intensity respectively. However, lateral menisci of the 

left and right leg have respectively 98.1% and 96.3% weak, and 1.9% and 3.7% mild 

intensity of carboxylated mucins. While 55.0% and 50% weak, and 45% and 50% 

mild intensity of sulfated mucins. Moreover, the sides of the legs do not show a 

significant association between the medial and lateral meniscus. 
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Orcein + AB -2.5 

 

 

 

 

 

 

Figure 4.1.9a - The intensity of sulpho and sialo mucins in the control group: 

magnification 100x. 

Fig. 4.1.9a. shows an assessment of the histological staining intensity of 

Orcein + AB -2.5 in the extracellular matrix of sheep meniscus used as control group 

at 3 regions (anterior, middle, posterior) of medial and lateral menisci of right leg: 

RMA, RMM, RMP, RLA, RLM, and RLP with moderate staining and a score (+ + ).   
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Figure4.1.9b. The intensity of sulpho and sialo mucins in the test group: 

magnification 100x. 

Fig. 4.1.9b shows an assessment of the histological staining intensity of Orcein 

+ AB-2.5 in the extracellular matrix of OA human meniscus used as a test group at 3 

regions (anterior, middle, posterior) of medial and lateral menisci of both legs: figure 

‘A’ score: weak ‘AB-2.5’ (±) and mild ‘O’ (+), figure ‘B’ score: weak ‘O’(±) and 

mild ‘AB-2.5’ (+) staining intensity.  
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Table 4.1.9a: Orcein + AB -2.5 staining intensity of sulpho and sialo mucins 

in medial menisci of both legs. 

Orcein + AB 2.5 (sulpho and sialo) mucin 

Left Right Overall 

n1 % n2 % n % 

Control (normal) Moderate (++) 

O/AB 

1 100 1 100 2 100 

Test (OA) menisci        

Medial anterior 

*Mild (+) O 45 54.9 37 45.1 82 74.5 

#
Weak (±) O 11 39.3 17 60.7 28 25.5 

$
Mild (+) AB 11 39.3 17 60.7 28 25.5 

@
Weak (±) AB 45 54.9 37 45.1 82 74.5 

Medial middle 

*Mild (+) O 50 55.6 40 44.4 90 81.8 

#
Weak (±) O 6 30.0 14 70.0 20 18.2 

$
Mild (+) AB 6 30.0 14 70.0 20 18.2 

@
Weak (±) AB 50 55.6 40 44.4 90 81.8 

Medial posterior 

*Mild (+) O 47 52.2 43 47.8 90 81.8 

#
Weak (±) O 9 45.0 11 55.0 20 18.2 

$
Mild (+) AB 9 45.0 11 55.0 20 18.2 

@
Weak (±) AB 47 52.2 43 47.8 90 81.8 

Note: * F- test = 80.11 (Mild +O), P<0.05, # F- test = 6.08 (Weak ± O), P < 0.05,
 $

F-test = 

6.08(Mild +AB), P<0.05, 
@

F-test = 80.11 (Weak ±AF), n1+n2 = n, O/AB: Orcein / Alcian 

blue-2.5. 
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Table 4.1.9b: Orcein + AB -2.5 staining intensity of sulpho and sialo mucins 

in lateral menisci of both legs. 

Orcein + AB 2.5 (sulpho and sialo) 

mucins 

Left Right Overall 

n1 % n2 % n % 

Control (normal) Moderate (++) 

O/AB 

1 100 1 100 2 100 

Test (OA) menisci        

Lateral anterior 

*Mild (+) O 43 50 43 50.0 86 78.2 

Weak (±) O 13 54 11 45.8 24 21.8 

Mild (+) AB 13 54 11 45.8 24 21.8 

#
Weak (±) AB 43 50 43 50.0 86 78.2 

Lateral middle 

*Mild (+) O 44 53 39 47.0 83 75.5 

Weak (±) O 12 44 15 55.6 27 24.5 

Mild (+) AB 12 44 15 55.6 27 24.5 

#
Weak (±) AB 44 53 39 47.0 83 75.5 

Lateral posterior 

*Mild (+) O 48 57 36 42.9 84 76.4 

Weak (±) O 8 31 18 69.2 26 23.6 

Mild (+) AB 8 31 18 69.2 26 23.6 

#
Weak (±) AB 48 57 36 42.9 84 76.4 

Note: * F- test = 7.7 (Mild +O), P<0.05, # F- test = 7.7 (Weak ± AB), P < 0.05,
  
 n1+n2 = 

n, O/AB: Orcein / Alcian blue-2.5. 

Table 4.1.9a, reveals a histochemical assessment of Orcein + AB-2.5 staining 

intensity level in the extracellular matrix of medial menisci of the left and right legs. 

The study shows the moderate staining intensity of Orcein + AB 2.5 in the control and 

its score of two plus (+ +). It is present in both legs of the medial and lateral menisci 
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of sheep. The test observation in the left leg medial meniscus anterior part (LMA) was 

54.9% mild, 39.3% weak (sulphomucin), and 39.3% mild, 54.9% weak (sialomucin) 

staining intensity of Orcein + AB 2.5, while it was 55.6%  mild, 30% weak 

(sulphomucin) and 30% mild, 55.6% weak (sialomucin) in the left leg medial 

meniscus middle part (LMM). Similarly, the staining intensity in the left leg medial 

meniscus posterior part (LMP) was 52.2% mild, 45.0% weak (sulphomucin) and 

45.0% mild, 52.2% weak (sialomucin). Right leg medial meniscus anterior part 

(RMA) was 45.1% mild, 60.7% weak (sulphomucin) and 60.7% mild, 45.1% weak 

(sialomucin) staining intensity, while it was 44.4% mild, 70.0% weak (sulphomucin) 

and 70.0% mild, 44.4% weak (sialomucin) staining intensity in  RMM. Similarly, the 

staining intensity in RMP was 90.0% mild, 20% weak (sulphomucin) and 20% mild, 

90% weak (sialomucin). 

Similarly, in table 4.1.9b, the result in the left leg lateral meniscus anterior part 

(LLA) showed 50% mild, 54% weak (sulphomucin), and 54% mild, 50% weak 

(sialomucin) staining intensity of Orcein + AB 2.5, while it was 53.0% mild, 44.0% 

weak (sulphomucin) and 44.0% mild, 53.0% weak (sialomucin) in the left leg lateral 

meniscus middle part (LLM). Similarly, staining intensity in the left leg lateral 

meniscus posterior part (LLP) was 57% mild, 31% weak (sulphomucin), and 31% 

mild, 57.0% weak (sialomucin). The right leg lateral meniscus anterior part (RLA) 

showed 50.0% mild, 45.8% weak (sulphomucin), and 45.8% mild, 50.0% weak 

(sialomucin) staining intensity, while it was 47.0% mild, 55.6% weak (sulphomucin), 

and 55.6% mild, 47% weak (sialomucin) staining intensity in RLM. Similarly, the 

staining intensity in RLP was 42.9% mild, 69.2% weak (sulphomucin), and 69.2% 

mild, 42.9% weak (sialomucin). 
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Table 4.1.9c: Association of Orcein + AB -2.5 staining intensity of sulpho and 

sialo mucins – different parts of medial menisci on sides of the legs. 

Orcein + AB 2.5 (sulpho and sialo) mucins 

Source of variation d.f. s.s M.S.S. F-test p-Value 

Medial menisci anterior/middle/posterior (mild +O) 

between 2 2979.749 1489.874 

80.11526 <0.05 within 259 4816.529 18.59664 

total 261 
  

Medial menisci anterior/middle/posterior (weak ±O) 

between 2 871.1716 435.5858 

6.080728 <0.05 within 65 4656.198 71.63382 

total 67 
  

Medial menisci anterior/middle/posterior (mild +AB) 

between 2 871.1716 435.5858 

6.080728 <0.05 within 65 4656.198 71.63382 

total 67 
  

Medial menisci anterior/middle/posterior (weak ±AB) 

between 2 2979.749 1489.874 

80.11526 <0.05 within 259 4816.529 18.59664 

total 261 
  

S.S- Sum of Square, M.S.S.-Mean Sum of Square, d.f.-Degree of Freedom. 

 Table 4.1.9c: states the association in the different parts (anterior, middle, and 

posterior) of medial OA meniscus of Orcein + AB -2.5 staining intensity of sulpho 

and sialo mucins on both sides of the legs showing significant  mild + O, weak ± O, 

mild + AB and weak ± AB varying by F-test (p- <0.05). 
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Table 4.1.9d: Association of Orcein + AB -2.5 staining intensity of sulpho and 

sialo mucins – different parts of lateral menisci on sides of the legs. 

Orcein + AB 2.5 (sulpho and sialo) mucins 

Source of variation d.f. s.s M.S.S. F-test p-Value 

Lateral menisci anterior/middle/posterior (mild +O) 

between 2 327.0179 163.509 

7.71389 <0.05 within 250 5299.174 21.19669 

total 252 

  Lateral menisci anterior/middle/posterior (weak ±O) 

between 2 96.91961 48.4598 

0.695813 >0.05 within 74 5153.719 69.64485 

total 76 

  Lateral menisci anterior/middle/posterior (mild +AB) 

between 2 96.91961 48.4598 

0.695813 >0.05 within 74 5153.719 69.64485 

total 76 

  Lateral menisci anterior/middle/posterior (weak ±AB) 

between 2 327.0179 163.509 

7.71389 <0.05 within 250 5299.174 21.19669 

total 252 

  S.S- Sum of Square, M.S.S.-Mean Sum of Square, d.f.-Degree of Freedom. 

 Table 4.1.9d: states the association in different parts (anterior, middle, and 

posterior) of medial OA meniscus of Orcein + AB -2.5 staining intensity of sulpho 

and sialo mucins on both sides of the legs showing significant  mild + O and weak ± 

AB varying by F-test (p- <0.05). 



Results 

 Page 137 
 

Table 4.1.9e: Association of Orcein + AB-2.5 color intensity of sulphomucins & 

sialomucins – medial and lateral menisci on sides of the legs. 

Orcein + AB -2.5 (Sulpho and 

Sialo) mucins 

Side 

Chi-square (df), 

p-value 
Left Right 

n % n % 

Medial 

Mild (+) O 48 85.7 42 77.8 

2.778 (3), 0.427 

Weak (±) O 8 14.3 12 22.2 

Mild (+) AB 9 16.1 14 25.9 

Weak (±) AB 47 83.9 40 74.1 

Lateral 

Mild (+) O 47 83.9 43 78.2 

2.196 (3), 0.533 

Weak (±) O 9 16.1 12 21.8 

Mild (+) AB 12 21.4 17 32.1 

Weak (±) AB 44 78.6 36 67.9 

Table 4.1.9e, states the association in the medial and lateral OA meniscus of 

Orcein + AB-2.5 color intensity of sulphomucins & sialomucins on both sides of the 

legs. Medial menisci of the left and right leg have 85.7% and 77.8% mild, and 14.3% 

and 22.2% weak intensity of sulphomucins. While 16.1% and 25.9% mild, and 83.9% 

and 74.1% weak intensity of sialomucin respectively. However, lateral menisci of the 

left and right leg have respectively 83.9% and 78.2% mild, and 16.1% and 21.8% 

weak intensity of sulphomucins, while 21.4%, and 32.1% mild, and 78.6% and 67.9% 

weak intensity of sialomucins. Moreover, the sides of the legs do not show a 

significant association between the medial and lateral OA meniscus. 
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Microscopic structure of menisci in osteoarthritic patients  

Haematoxylin and Eosin (H & E) 

 

 

Figure 4.2.1a -: Haematoxylin and Eosin (H & E) stain, magnification 100x 

(Olympus Microscope) 

Histological assessment of meniscus in LMA  

Histological evaluation of the left leg medial meniscus (LMA) of the anterior 

part is shown in Fig. 4.2.1a, where 1 indicates bands of degenerative changes, 2 

degenerated extracellular matrix substance (mucoid) is observed, 3 diffuse 

hypercellularity with inflammation is observed, 4 separation of fibrocartilage with 

organized collagen fibers.  

LMA – Left leg medial menisci anterior part, LMM – Left leg Medial menisci middle part, LMP –Left leg medial menisci posterior part  

LLA – Left leg lateral menisci anterior part, LLM – Left leg lateral menisci middle part, LLP – Left leg lateral menisci posterior part 

4 

3 

2 
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Histological assessment of meniscus in LMM  

Histologic evaluation of the meniscus in the middle medial meniscus (LMM) 

of the left leg is shown in Fig. 4.2.1a, where 1 indicates moderate abrasion, fraying 

and waviness, few indentations, and few clefts, 2 the disorganized cellular pattern 

showed hypocellular to acellular areas and cell clusters and 3 indicates the presence of 

degenerated extracellular matrix; most of the collagen fibers appear unorganized.   

Histological assessment of meniscus in LMP 

Figure 4.2.1a, shows the histological evaluation of the meniscus in the left leg 

medial meniscus posterior part (LMP), where 1 indicates moderate to severe abrasion 

with a tear, 2 diffuse hypercellularity is seen. 3 fibrocartilage separation in the 

presence of disorganized collagen fibers.  

Histological assessment of meniscus in LLA  

Fig. 4.2.1a, discloses histological assessment of meniscus in left leg lateral 

meniscus anterior part (LLA), where 1 indicates slight abrasion and wrinkle, 2 

indicates diffuse hypercellularity, and 3 indicates loose and degenerative changes. 

Histological assessment of meniscus in LLM 

Fig. 4.2.1a, reveals a histological assessment of meniscus in the left leg lateral 

meniscus middle part (LLM), where 1 represents a slightly worn and undulating 

surface, 2 represents a normal distribution of cells. The cells appear to be more 

arranged between fibers, and 3 degenerated extracellular matrix substance and 

collagen fibers are unorganized.  
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Histological assessment of meniscus in LLP 

Fig. 4.2.1a, shows a histological assessment of the meniscus in the left leg 

lateral meniscus posterior part (LLP), where 1 indicates severe abrasion, tear, and 

disruption, 2 depicts diffuse hypercellularity with clusters of cells, and 3 fibrocartilage 

dissociation (edema, mucosal degeneration, cystic fissures, and disjointed collagen 

fibers.   

Alcian blue at pH 2.5 (AB-2.5) 

 

 

 

 

 

 

 

 

Figure 4.2.1b -: Mucoid degeneration: magnification 100x. 

Alcian blue at pH 2.5 staining intensity: LMA, LMP, LLA, and LLP shows slight 

staining intensity to Alcian blue 2.5, with a score of 1, while LMM and LLM shows 

moderate staining intensity for Alcian blue 2.5 score as 2 (fig. 4.2.1b). 
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Analysis of osteoarthritic (OA) menisci. 

Microscopic analysis of the menisci from Grade II, III, and IV osteoarthritic 

knee joints indicates fibrocartilaginous disruption. The deteriorated extracellular 

matrix exhibits fine fibrillation, a loss of structure, and the merging of the meniscus 

cells' and the matrix's gaps. There was a lot of variation in the cell distribution, 

including places that were hypercellular, hypocellular, and acellular as well as regions 

with big, plentiful cell groupings. The meniscus surface was discovered to include 

clusters of aberrant cells, which are often observed around worn areas (Fig. 4.2.1a). 

The pattern of mucoid degeneration's intensity, with its light and moderate staining 

regions, showed variation. (Fig. 4.2.1b). 
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Table 4.2.1a: Osteoarthritis (OA) menisci by side of legs and parts of medial 

menisci. 

Osteoarthritis 

Left Right Overall 
Chi-square (df),p-

value 
n % n % n % 

Medial anterior 

Mild 5 8.9 2 3.7 7 6.4 

1.309 (2), 0.520 Moderate 43 76.8 43 79.6 86 78.2 

Severe 8 14.3 9 16.7 17 15.5 

Medial middle 

Mild 1 1.8 1 1.9 2 1.8 

0.196 (2), 0.907 Moderate 52 92.9 49 90.7 101 91.8 

Severe 3 5.4 4 7.4 7 6.4 

Medial posterior* 

Mild 8 14.3 1 1.9 9 8.2 

6.057 (2),0.048 Moderate 42 75.0 44 81.5 86 78.2 

Severe 6 10.7 9 16.7 15 13.6 

Note: * The Chi-square statistic is significant at the .05 level,  

 

 

 

 

 

 



Results 

 Page 143 
 

Table 4.2.1b: Osteoarthritis (OA) menisci by side of legs and parts of lateral 

menisci 

Osteoarthritis 

Left Right Overall 
Chi-square (df),p-

value 
n % n % n % 

Lateral anterior* 

Mild 5 8.9 0 0.0 5 4.5 

6.213 (2), 0.045 Moderate 48 85.7 53 98.1 101 91.8 

Severe 3 5.4 1 1.9 4 3.6 

Lateral middle 

Mild 7 12.5 4 7.4 11 10.0 

0.794 (2), 0.672 Moderate 43 76.8 44 81.5 87 79.1 

Severe 6 10.7 6 11.1 12 10.9 

Lateral posterior* 

Mild 7 12.5 1 1.9 8 7.3 

6.466 (2), 0.039 Moderate 47 83.9 47 87.0 94 85.5 

Severe 2 3.6 6 11.1 8 7.3 

Note: * The Chi-square statistic is significant at the 0.05 level 

Table 4.2.1a, reveals the histological grade distribution of the OA meniscus on 

the sides of the leg and parts of medial menisci. The study showed 8.9% mild, 76.8% 

moderate, and 14.3% severe OA in the left leg medial meniscus anterior part (LMA), 

whereas 1.8% mild, 92.9% moderate, and 5.4% severe OA in LMM. In LMP, mild, 

moderate, and severe OA are 14.3, 75 and 10.7 percent respectively.  
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Left leg lateral meniscus anterior part (LLA) had 8.9% mild, 85.7% moderate, 

and 5.4% severe OA. However, LLM had 12.5% mild, 76.8% moderate, and 10.7% 

severe OA, whereas LLP had 12.5% mild, 83.9% moderate, and 3.6% severe OA 

(Table 4.2.1b). 

Right leg medial meniscus anterior part (RMA) had 3.7% mild, 79.6% 

moderate, and 16.7% severe osteoarthritis, whereas RMM had 1.9% mild, 90.7% 

moderate, and 7.4% severe osteoarthritis. Similarly, RMP had 1.9% mild, 81.5% 

moderate, and 16.7% severe osteoarthritis (Table 4.2.1a). The right leg lateral 

meniscus anterior part (RLA) showed 98.1% moderate and 1.9% severe osteoarthritis. 

Similarly, RLM had mild (7.4%), moderate (81.5%), and severe (11.1%) 

osteoarthritis.  However, RLP was 1.9% mild, 87.0% moderate, and 11.1% severe OA 

(Table 4.2.1b).   The posterior part of the medial menisci of both legs is significantly 

associated with osteoarthritis (Table 4.2.1a), whereas, the anterior and posterior parts 

of the lateral menisci have a significant association (p<0.05) (Table 4.2.1b). 
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To compare the age-related changes in histological structure in osteoarthritic 

menisci 

Table 4.3.1a: Medial menisci anterior parts of OA menisci by age groups 

Age groups 

Medial menisci anterior parts 

n Mild Moderate Severe 

n1 % n2 % n3 % 

50-59 1 6.3 14 87.5 1 6.3 16 

60-69 5 6.5 57 74.0 15 19.5 77 

70+ 1 5.9 15 88.2 1 5.9 17 

Note: n=n1+n2+n3 

Table 4.3.1a reveals the medial menisci anterior parts of OA menisci by age 

groups, at 50 – 59 years age group. It was found that medial menisci anterior parts of 

OA menisci was 6.3% mild, 87.5% moderate and 6.3% severe, whereas in 60-69 

years age group mild, moderate and severe medial menisci anterior parts of OA 

menisci were 6.5%, 74% and 19.5% respectively. While in 70+ years age group, 

medial menisci anterior parts of OA menisci were 5.9% mild, 88.2% moderate and 

5.9% severe.   
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Graph 4.3.1a: Showing medial menisci anterior parts of OA menisci by age groups 

Graph 4.3.1a shows OA patients by age groups, it was higher in moderate 

(Grade 3) OA in the medial anterior parts of menisci i.e. 87.5%, 74.0%, and 88.2% in 

50-59, 60-69, and 70 and above years respectively.  
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Table 4.3.1b: Medial menisci middle parts of OA menisci by age groups 

Age groups 

Medial menisci middle parts 

n Mild Moderate Severe 

n1 % n2 % n3 % 

50-59 0 0.0 16 100.0 0 0.0 16 

60-69 2 2.6 70 90.9 5 6.5 77 

70+ 0 0.0 15 88.2 2 11.8 17 

Note: n=n1+n2+n3 

Table 4.3.1b reveals the medial menisci middle parts of OA menisci by age 

groups. At 50 – 59 years age group, it was found that medial menisci middle parts of 

OA menisci was 0% mild, 100% moderate and 0% severe, whereas 60-69 years age 

group was mild, moderate and severe in medial menisci middle parts of OA menisci 

were 2.6%, 90.9% and 6.5% respectively. While in 70+ years age group, medial 

menisci middle parts of OA menisci were 0% mild, 88.2% moderate and 11.8% 

severe.   
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Graph 4.3.1b: Showing medial menisci middle parts of OA menisci by age groups 

Graph 4.3.1b shows the OA patients by age groups. It was higher in moderate 

(Grade 3) OA in medial menisci middle parts of menisci. i.e. 100%, 90.9% and 88.2% 

in 50-59, 60-69 and 70 and above years respectively.  
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Table 4.3.1c:  Medial menisci posterior parts of OA menisci by age groups 

Age groups 

Medial menisci posterior parts 

n Mild Moderate Severe 

n1 % n2 % n3 % 

50-59 1 6.3 14 87.5 1 6.3 16 

60-69 6 7.8 58 75.3 13 16.9 77 

70+ 2 11.8 14 82.4 1 5.9 17 

Note: n=n1+n2+n3 

Table 4.3.1c reveals the medial menisci posterior parts of OA menisci by age 

groups, at 50 – 59 years age group. It was found that medial menisci posterior parts of 

OA menisci was 6.3% mild, 87.5% moderate and 6.3% severe, whereas in the  60-69 

years age group, the mild, moderate and severe in medial menisci posterior parts of 

OA menisci were 7.8%, 75.3% and 16.9% respectively. While in 70+ years age 

group, medial menisci posterior parts of OA menisci were 11.8% mild, 82.4% 

moderate and 5.9% severe.   
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Graph 4.3.1c: Showing medial menisci posterior parts of OA menisci by age groups 

Graph 4.3.1c shows the OA patients by age groups. It was higher in moderate 

(Grade 3) OA in medial menisci posterior parts of menisci. i.e. 87.5%, 75.3% and 

82.4% in 50-59, 60-69 and 70 and above years respectively.  

 

 

 

 

 

 

 

6.3 7.8 
11.8 

87.5 

75.3 

82.4 

6.3 

16.9 

5.9 

0

10

20

30

40

50

60

70

80

90

100

50-59 60-69 70+

P
er

ce
n

ta
g
e 

Age groups (Years) 

 Medial menisci posterior parts of OA by age groups 

Mild Moderate Severe



Results 

 Page 151 
 

Table 4.3.1d: Lateral menisci anterior parts of OA menisci by age groups 

Age groups 

Lateral menisci anterior parts 

n Mild Moderate Severe 

n1 % n2 % n3 % 

50-59 1 6.3 14 87.5 1 6.3 16 

60-69 3 3.9 71 92.2 3 3.9 77 

70+ 1 5.9 16 94.1 0 0.0 17 

Note: n=n1+n2+n3 

Table 4.3.1d reveals the lateral menisci anterior parts of OA menisci by age 

groups. At 50 – 59 years age group, it was found that lateral menisci anterior parts of 

OA menisci were 6.3% mild, 87.5% moderate and 6.3% severe, whereas in the 60-69 

years age group the mild, moderate and severe in lateral menisci anterior parts of OA 

menisci was 3.9%, 92.2% and 3.9% respectively. While in 70+ years age group, 

lateral menisci anterior parts of OA menisci were 5.9% mild, 94.1% moderate and 0% 

severe.   
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Graph 4.3.1d: Showing lateral menisci anterior parts of OA menisci by age groups 

Graph 4.3.1d shows the OA patients by age groups. It was higher in moderate 

(Grade 3) OA in lateral menisci anterior parts of menisci. i.e. 87.5%, 92.2% and 

94.1% in 50-59, 60-69 and 70 and above years respectively.  
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Table 4.3.1e: Lateral menisci middle parts of OA menisci by age groups 

Age groups 

Lateral menisci middle parts 

n Mild Moderate Severe 

n1 % n2 % n3 % 

50-59 1 6.3 15 93.8 0 0.0 16 

60-69 8 10.4 61 79.2 8 10.4 77 

70+ 2 11.8 11 64.7 4 23.5 17 

Note: n=n1+n2+n3 

Table 4.3.1e reveals the lateral menisci middle parts of OA menisci by age 

groups, at 50 – 59 years. It was found that the lateral menisci middle parts of OA 

menisci was 6.3% mild, 93.8% moderate and 0% severe, whereas in the 60-69 years 

age group the mild, moderate and severe in lateral menisci middle parts of OA 

menisci was 10.4%, 79.2% and 10.4% respectively. While in 70+ years age group, the 

lateral menisci middle parts of OA menisci were 11.8% mild, 64.7% moderate and 

23.5% severe.   
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                      Graph 4.3.1e: Showing lateral menisci middle parts of OA menisci by 

age groups 

Graph 4.3.1e shows the OA patients by age groups. It was higher in moderate 

(Grade 3) OA in lateral menisci middle parts of menisci. i.e. 93.8%, 79.2% and 64.7% 

in 50-59, 60-69 and 70 and above years respectively.  
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Table 4.3.1f: Lateral menisci posterior parts of OA menisci by age groups 

Age groups 

Lateral menisci posterior parts 

n Mild Moderate Severe 

n1 % n2 % n3 % 

50-59 1 6.3 15 93.8 0 0.0 16 

60-69 6 7.8 64 83.1 7 9.1 77 

70+ 1 5.9 15 88.2 1 5.9 17 

Note: n=n1+n2+n3 

Table 4.3.1f reveals the lateral menisci posterior parts of OA menisci by age 

groups, at 50 – 59 years. It was found that lateral menisci posterior parts of OA 

menisci was 6.3% mild, 93.8% moderate and 0% severe, whereas in the 60-69 years 

age group, the mild, moderate and severe in lateral menisci posterior parts of OA 

menisci was 7.8%, 83.1% and 9.1% respectively. While in 70+ years age group, the 

lateral menisci posterior parts of OA menisci were 5.9% mild, 88.2% moderate and 

5.9% severe.   
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Graph 4.3.1f: Showing lateral menisci posterior parts of OA menisci by age groups 

Graph 4.3.1f shows the OA patients by age groups. It was higher in moderate 

(Grade 3) OA in the lateral menisci posterior parts of the menisci. i.e. 93.8%, 83.1%, 

and 88.2% in 50-59, 60-69, and 70 and above years respectively. 
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5.   DISCUSSION 

Menisci are complex fibrocartilaginous tissues.
97

 The structural indication of 

OA is multiple disruption and loss of articular fibrocartilage. Through load 

distribution and stress absorption in both tibiofemoral compartments, the menisci play 

a significant role. Microscopic examination demonstrated a significant link between 

OA and deteriorated meniscus.
98 - 100

   The menisci in the knee are specialized tissues 

that are essential for the transfer of loads, shock absorption, and joint stability.
101 - 104

 

Meniscal injuries are frequent in both athletes and the general public, which is 

consistent with the role that menisci play in knee joint function. It is unclear how 

complicated a role meniscal tissue composition plays in the etiology of meniscal tears 

and the subsequent development of knee OA.
105 – 110 

Additionally, the mechanistic relationship between meniscus injury and knee 

OA is not fully understood. To investigate meniscal alterations during the 

development of OA, experimental animal models are employed.
111, 112   

Degeneration 

of the human meniscus has also been described by several authors.
113 - 117 

 However, 

the majority of meniscus grading systems are based on MRI.
118 - 121

 The present study, 

however, offers a more methodical evaluation of aging and OA meniscal alterations at 

the microscopic level and verifies additional information regarding the severity of OA 

through a grading system.
 

Further, sheep's normal meniscal tissue was taken as control of three different 

parts (anterior, middle, and posterior) of the medial and lateral menisci of both legs 

for comparison purposes. Because gait analyses in sheep model have shown a similar 

pattern of hind limb loading to humans, and post-surgical GRF (Ground reaction 
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forces) changes comparable to OA patients.
122, 123

 Another researcher examined the 

viscoelastic characteristics of the human meniscus with those of the porcine, ovine, 

and bovine menisci. They found that the ovine (sheep) model had the most in 

common with the human meniscus. A few studies also used histology and scanning 

electron microscopy to compare the extracellular matrix collagen, vascularization 

pattern, and cell density of ovine and rabbit menisci with those of humans, finding 

that sheep (ovine) menisci are more structurally similar to the ultrastructure.
124 – 127 

Their cellular and chemical makeup, as well as, perhaps more crucially, the 

organization and interactions of their constituents, determine their capacity to carry 

out these mechanical duties. In order to maintain the extracellular meshwork's 

stability and maintain the menisci's structural integrity and mechanical qualities, 

mucopolysaccharides, proteoglycans, and other non-collagenous proteins are 

essential.
128, 129 

Microscopic degeneration is a nearly constant finding in older patients and 

middle-aged and is common in both the lateral and medial menisci. In elderly 

participants with uniform degeneration of the matrix and collagen, other factors may 

contribute to severe meniscal tears. Meniscal degeneration is a complication of OA. 

However, inaccessible meniscal injuries can also lead to OA.
130  

Socio-demographic variations: 

This study demonstrates that OA is related to blood types, age groups, gender, 

religion, family history, dietary practices, and physical activity. However, in the 

majority of earlier investigations, OA did not link with blood types, eating habits, 

family history, religion, or activity. 
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In the current study, among 110 cases, left leg has more OA than the right leg. 

In 110 Osteoarthritis cases in both left and right legs were higher in the 60-69 years of 

age group. While another studies described, that the chance of developing 

osteoarthritis increases with age by previously injured joint overload, joint 

misalignment, and obesity. In fact, these factors can worsen the osteoarthritis. Age-

related changes in the extracellular matrix and cells of joint tissue may make older 

people more susceptible to osteoarthritis. Aging may contribute to the imbalance 

between catabolic and anabolic activity in the joints that characterizes OA. Aging 

chondrocytes do not respond well to growth factor stimulation and are unable to keep 

the homeostasis of the articular cartilage.
106,131 -134  

 

The current study found that across gender groups, among 110 cases, women 

(59%) had more OA than men (41%), because risk factors for osteoarthritis in 

women, as in men, are many like anatomical differences, obesity, previous trauma, 

genetic disorder, and hormonal issues. Menopausal women often gain weight, and 

increased joint stress leads to increase osteoarthritis in women. Men's hips are 

narrower anatomically than those of women. The outside of the knee is subjected to 

more stress because of the angle created by the hip bone's broader width than the 

knee. Some women eventually develop osteoarthritis as a result of this "knock-kneed" 

position, no matter how minor it may be.  Males have a narrower femur, a thinner 

patella, a higher quadriceps angle, and different-sized tibial condyles, among other 

male-to-female anatomical variations that may be relevant.
14, 15, 135 – 138

 

The data observed for the present study shows, in 110 OA cases, Hindus 

(57%) had higher rates of OA than Muslim religion (41%), In contrast, another study 

discovered that Muslims of the same ethnicity but with distinct religious practices 
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have a lower frequency of OA than Hindus. It is possible to stretch the soft tissue 

around the knee and lessen stiffness and contact pressure on the articular cartilage by 

performing Muslim prayers with the knees in deep flexion since infancy.
16, 17, 18, 139 – 

141
 

In the category of family history, among 110 cases, 64% had no family history 

of OA. While other studies described that, people inherit an increased risk of 

developing osteoarthritis. This predisposition can be passed down from generation to 

generation in families, but the pattern of inheritance is unknown. In the first cross-

sectional comparison, the author reported a higher prevalence and severity of cartilage 

defects in the offspring. The longitudinal study claim that knee cartilage loss, changes 

in cartilage defects, and decreased physical performance, in addition to genetics, all 

contribute to the development of knee osteoarthritis, this was likely polygenic but 

reflects a shared environment. The authors concluded that offspring with a family 

history of knee osteoarthritis have an increased risk of knee pain independent of 

structural factors, suggested that genetic factors may be involved in the OA.
19 - 22 

 

In this study among 110 OA cases, Non-vegetarians (71%) were more 

susceptible to OA than vegetarians. According to Chang Xu et.al (2020), western 

unhealthy dietary patterns that include in longitudinal cohorts of men and women, 

consumption of foods like French fries, red and processed meats, poultry, refined 

grains, sugar-sweetened beverages, and pizza was linked to faster radiographic and 

symptomatic knee OA progression. In contrast, adherence to promoting a healthy, 

sensible diet that includes fruits, vegetables, beans, fish, and whole grains was linked 

to slower radiographic and symptomatic knee OA progression.
23 – 25, 142,143
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In this study also showed that among 110 OA cases, people who do not active 

in physical activity were more likely to be affected by OA (52.7%). Other studies 

came to the conclusion that physical activity increased the risk of osteoarthritis if it 

involved sports that subjected normal joints to high levels of impact or torsional 

loading on a regular basis, as well as if it involved sports that could injure the 

ligaments, tendons, and menisci that support the joints. Mild to moderate exercise 

certainly reduces the development of knee OA and is useful in treating and managing 

the pain and functional decline associated with OA, according to evidence data. It also 

does not speed up or promote knee OA. Modern data suggests that mild to moderate 

physical exercise has both preventative and therapeutic benefits for those with knee 

OA.
26-28,144,145

   

In this study among 110 OA cases, B+ve (30.9%) and O+ve (35.5%) blood 

group types were more susceptible to osteoarthritis than people with other blood 

groups. According to another study, blood type AB was the main risk factor for 

osteoarthritis of the knee joint, regardless of age or gender. The correlation between 

the AB blood type and primary knee osteoarthritis may be mediated by blood group-

related LeY antigen. Despite rigorous methodology, the inherent limitations of 

retrospective studies were mandatory. The outcomes of their research was confirmed 

by prospective cohort studies.
29-32, 146,147

  

Mucopolysaccharides /Proteoglycans / Glycosaminoglycans 

In this study, the anterior, middle, and posterior regions of the medial and 

lateral menisci in both legs showed less acid mucins (proteoglycan) staining intensity 

than the control menisci. However, in other investigations, normal meniscal tissue 

revealed a preponderance of acid mucins (80%) and scarce neutral mucins (20%), 
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suggested that the menisci were rich in acid mucins and had a significant role in 

viscosity. Sulfated GAGs made up around 80% of the meniscus's overall GAG 

content. Normal human meniscal proteoglycans comprise around 40% chondroitin 6-

sulfate, 10%–20% chondroitin 4-sulfate, 20–30% dermatan sulfate, and 15% keratan 

sulfate.
63, 148

  

According to research by Videman et al. (1979) on proteoglycan content, 

rabbits with OA brought on by limb immobilization had more proteoglycan in their 

menisci.
60 

 After osteoarthritis (OA) was brought on by limb immobilization, 

Djurasovic et al. (1998) observed a reduction in proteoglycan content in the menisci 

of mature beagle dogs.
61  

According to Adams et al. (1983), proteoglycan 

concentration in the menisci reduced throughout the first trimester but steadily rose in 

the months that followed after OA was induced.
62 

 

In patients with meniscal injuries, Peters and Smillie (1972) observed higher 

proteoglycan levels in the area of the meniscus with degenerative tears.
149  

 Human 

meniscus samples from OA patients were used in research by Ghosh et al. (1975), 

who discovered that the degenerative area of the OA meniscus had more proteoglycan 

than normal control menisci.
76 

 According to Lopez-Franco M. et al (2016), who 

revealed that proteoglycan alterations in human menisci found that decreased acidic 

mucin (proteoglycan) was associated with a propensity for meniscus degeneration.
150

 

According to Herwig, Egner, and Buddecke's (1984) research, collagen, and 

glycosaminoglycan contents declined as chondroitin 6-sulfate levels rose, but water 

content increased with increasing degeneration.
4 
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According to Dahl et al. (1985), the hyaluronate molecular weight and 

concentration in synovial fluid can be decreased in osteoarthritis following anterior 

cruciate ligament transection (ACLT) because of the buildup of liquid from inflamed 

synovial vessels in the joint cavity. As a result, the fluid loses viscoelasticity and 

cartilage is more susceptible to deterioration.
151 

 

According to Teeple et al. (2011), pure human lubricin (LUB) or LUB+HA 

(hyaluronic acid) treatment significantly reduced the radiographic and histologic 

scores of cartilage injury (P =.039 and P =.015, respectively).
152   

According to 

D.Warnecke et al. (2020), there was a considerable trend for the proteoglycan content 

to decrease as the degeneration progresses.
153

 According to Pauli C. et al. (2011), 

described a significant increased in the proteoglycan content as meniscus 

degeneration advances.
52

 

Microscopic structure of OA menisci: 

In this study medial meniscus of the posterior part of both legs, revealed 

moderate to severe abrasion, torn surfaces, dispersed cellularity, collagen fibers 

disorganization, and seldom mucoid degeneration. The lateral menisci of both legs 

had minor surface folds and abrasions, scattered cellularity, and loose fibers, while the 

anterior part had degenerative changes. While extensive surface abrasion, tearing, and 

destruction are seen in posterior part of lateral meniscus, along with generalized 

hypercellularity, fibrocartilage dissociation, and broken collagen fibers. 

In another study, histological analysis (H&E staining) of articular cartilage in 

a human knee with osteoarthritis found that the surface loses its ability to repair and 

turns dull and uneven. In moderate OA cartilage, structural alterations were visible, 
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such as a decrease in the thickness of the surface and medial cartilage. The collagen 

network structure was damaged, resulting in reduced cartilage thickness. 

Chondrocytes and cartilage tissue no longer maintain their repair activity. In severe 

OA cartilage fissures were deep on the surface, cells in the peripheral zone 

disappeared, and intermediate, and circular zones lacked of cells and were not 

arranged in the parallel fashion. The surface of the cartilage had slight modifications; 

it was no longer smooth, and the subchondral bone showed fibrillation. 
35, 53, 58

 

In other studies on animals, in the rabbit OA model, cell density in the 

meniscus increased or decreased depending on the area, and clusters of cells were 

frequently found in degenerated areas.
53, 154 – 157

 

Various areas of the meniscus in both legs were examined in this study. The 

medial menisci had mild (14.3% on left and 1.9% on right), moderate (75.0% on left 

and 81.5% on right), and severe (10.7 on left and 16.7% on right) osteoarthritis in the 

posterior part, and indicates a significant at 5% level. While, the anterior and posterior 

part of lateral menisci were significant at the 5% level. In other studies of human OA 

menisci, histological changes in the anterior part of the OA meniscus were moderate.
 

130, 158 – 160 
 

Furthermore, in other research on human menisci, there was substantial matrix 

loss in one or more meniscal areas in cases of mild to severe OA. Biomechanically, 

during knee flexion, the femoral condyles roll back onto the tibial plateau and 

additional stress is transmitted to the rear section of the meniscus, often subluxing the 

posterior portion of the lateral meniscus during deep flexion.
60, 149, 161 - 163

  



Discussion 

 Page 165 
 

However, the anterior portion is seldom as damaged. This might mean that the 

anterior section is more resistant to deterioration or that it experiences less harmful 

biomechanical stress. On macroscopic and histological inspection, the medial and 

lateral menisci's inner margins tend to deteriorate.
161, 164, 165
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6.    CONCLUSION 

The prevalence of OA is higher in the left leg's knee menisci than in the right 

legs. The age group of 60-69 years old had greater incidences of OA in both legs. In 

comparison to males and people of other religions, women and Hindus had greater 

incidences of OA. Non-vegetarians and inactive people are more likely to get OA. 

Additionally, B +ve and O +ve blood types exhibit much greater variance in their 

susceptibility to OA than other blood groups (p < 0.05). 

The results of this study may be useful to doctors, clinicians, and 

policymakers in developing programs to address dietary practices and physical 

activity levels in order to slow the progression of OA. 

In OA cartilage, there was a significant loss of collagen and proteoglycan, 

indicating that these two substances are more actively involved in the degenerative 

process and the emergence of OA. Strong mucopolysaccharide staining 

intensities was seen in the control group. However, the meniscus in the test group had 

different degrees of decreased (moderate to negative) staining intensity levels. 

According to test statistics used for various histochemical stains, the color intensity of 

various medial and lateral menisci parts (anterior, middle, and posterior) with a side 

of the legs showed significant variation by F-test (p < 0.05). Additionally, the medial 

and lateral meniscus were not significantly associated with each other in the chi-

square test correlation of distinct histochemical stain intensities with a side of the legs. 

Meniscal degeneration starts deeper in the tissue than on the surface. At the 

inner border of the meniscus, tissue fibrillation and rips are first noticed. Over time, 

they proceed to the articular surface of the meniscus and eventually result in the entire 
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destruction or loss of meniscus tissue. OA menisci in both legs were significantly 

associated with posterior part of the medial menisci (P < 0.05), while the anterior and 

posterior parts of lateral menisci were significantly associated with OA menisci. 

The alterations of the proteoglycans /Glycosaminoglycans in human OA 

menisci give information on the scientific evidence of the progressive nature of OA. 

Thus, this research will aid medical practitioners in the creation of medications with 

altered structural properties for the treatment of OA. 

Implication of study 

This work may contribute to understanding how carbohydrate moieties and 

their alteration and age-related changes may help prevent and design a futuristic plan 

to reverse the process of degenerative changes. It may help to classify morpho 

chemically and to understand the phases of disease. 

This research will contribute to a better understanding of the disease process 

and be crucial for the creation of innovative, structure-modifying medications for the 

treatment of osteoarthritis. 

The findings of this study will also help to know the microscopic arrangement 

of cells, collagen fibers, and glycosaminoglycan changes in normal and osteoarthritic 

menisci. 

Limitations and recommendations 

Regarding the histochemical study of mucopolysaccharides in osteoarthritic 

menisci of the human knee joint, there is a lack of literature for comparison of the 
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results of the different types of proteoglycans. So similar studies may be required to 

confirm results of this study. 

In this study, it was observed that mucopolysaccharides level was decreased in 

OA menisci of the human knee joint when compared with normal menisci of sheep as 

a control. So further study is required to compare the mucopolysaccharides in OA 

menisci and normal menisci of human knee joints. 

A study on recent advances in glycobiology and classification of 

mucopolysaccharides is important to understand pathophysiological changes in 

normal and elderly aged and OA. 

Pathophysiological changes in OA and its comparison with a normal human 

being is important to know in a multi-step process of OA. 

In addition, enzymes are also responsible for the breakdown of meniscal 

cartilage for the growth and advancement of knee OA. Hence, there is a need for 

further study of collagen and proteoglycan-degrading enzymes which gives a better 

understanding of how osteoarthritis (OA) develops in the knee joint. 
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7.   SUMMARY 

Menisci are intricate fibrocartilaginous tissues that are crucial for the knee 

joint's stability, shock absorption, load distribution, and articular cartilage protection. 

Each knee joint has two menisci i) Medial meniscus and ii) Lateral meniscus. 

A pathogenic mismatch between the repair and regenerative mechanisms leads 

to osteoarthritis, which is one of the main factors in chronic disability. The disease 

primarily affects middle-aged and older persons and athletes, while it can sometimes 

afflict younger people due to trauma or overuse. Individuals who have this illness 

experience discomfort and functional loss. Many things, such as diet, trauma, strain, 

and genetic anomalies, might contribute to OA. Unfortunately, our knowledge of the 

molecular processes behind the disease's genesis and development is still limited. The 

exact mechanism underlying the sickness is unknown despite extensive research on it. 

OA's etiology is still a mystery.  

Mucopolysaccharides or glycosaminoglycans are long unbranched 

polysaccharides made up of repeated disaccharide units. An amino sugar and a uronic 

sugar or galactose make up the repeating unit, with the exception of keratan. Due to 

their strong polarity, mucopolysaccharides draw water. As a result, they serve as a 

lubricant or a shock absorber for the body. 

There are several categories for mucopolysaccharides: 

i) Neutral mucopolysaccharides lack a free acidic group and are made up of 

hexosamine and hexose units. 
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ii) Acidic mucopolysaccharides consists of hexosamine associated with 

glucuronic acid, sialic acid, or sulfate radical. Acid mucins are further 

classified into Sialomucin and Sulphomucin depending on the sialic acid or 

ester sulfate groups. 

Meniscal injuries are known to cause severe musculoskeletal morbidity. Due 

to their distinctive and intricate anatomy, treatment and repair of menisci are difficult 

for patients, surgeons, and physical therapists. The majority of people often have knee 

OA. It is difficult to define symptoms and radiographic changes for research purposes 

since they are not well connected. There is currently no cure for OA. 

Nonpharmacological, pharmacological, and surgical treatments can all be used to 

control OA. Surgery is normally only utilized after all other medical options have 

failed and functional impairment negatively affects the patient's quality of life. 

However, as OA progresses, the collagen matrix becomes more disordered, 

and the content of mucopolysaccharides in the cartilage changes. Regarding the 

classification of mucopolysaccharides in health and disease, very little information is 

available. The present research was therefore useful for understanding OA and its 

relationship to molecular changes in histochemistry. This work may contribute to 

understanding how carbohydrate moieties and their alteration and age-related changes 

may help prevent and design a futuristic plan to reverse the process of degenerative 

changes. Understanding the stages of the disease and morpho-chemically  

categorizing it may be helpful. The results of this study will be essential for the 

creation of novel, structure-modifying drugs for the treatment of osteoarthritis and for 

a deeper comprehension of the disease process. 
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The present study was carried out in the Department of Anatomy J.N. Medical 

College, Belagavi. Specimens were collected from consecutive OA patients who 

underwent total knee joint replacement surgery, and who have undergone lower limb 

amputation surgery from the Orthopedics department unit of KLES Dr. Prabhakar 

Kore Hospital and Medical Research Centre, Belagavi, Karnataka, India. The sample 

size was 110. Medial and lateral osteoarthritic menisci were collected from 110 

human knee joints of both sexes. Patients were excluded in case of any malignancy in 

the menisci or torn menisci and injuries to the menisci. 

Normal meniscal tissue from an 8-month-old male domesticated ruminant 

sheep of average weight of 13 kg was used in this study. Sheep meniscal tissue was 

used as a control. Samples were put in 10% formalin for fixation. For each meniscus, 

three separate parts (anterior, middle, and posterior) were processed. Tissue samples 

were brought in for routine tissue processing and studied for different routine and 

special histological stains with color intensity. 

Histological staining techniques were used to stain the following parts of the 

menisci of both legs: - LMA, LMM, LMP, and LLA, LLM, LLP for left leg medial, 

and lateral menisci of anterior, middle, and posterior parts. Whereas for the right leg 

medial and lateral menisci of the anterior, middle, and posterior parts were RMA, 

RMM, RMP and RLA, RLM, and RLP. For the histological evaluation of meniscus 

specimens, degeneration grade was assessed by the C. Pauli (2011) microscopic 

grading system. All images were captured with an Olympus BX-41 microscope 

equipped with Graphix software elements. (U-TV1X-2) T7 Tokyo, Japan. The 

histochemical grading of the meniscal OA was done by a Pathologist of KAHER’s, 

J.N. Medical College, Belagavi. Descriptive statistics, nonparametric method 
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(Chi‑square test), One-way ANOVA (F-test), and significance were seen at a 5% 

level. Analyses were performed using MS Excel and SPSS version 22. 

In 110 OA cases, left leg had more osteoarthritis than the right. Women are 

more prone than males to acquire OA. In both the left and right legs, OA instances 

were greater in the age ranges from 60 to 69 years, and they were more prevalent in 

women on the right leg and males on the left. In this study, the OA cases are more in 

Hindus than in other religions. Nonvegetarians and physically inactive are more likely 

to be affected by OA. In addition, B +ve and O +ve blood group types were more 

susceptible to OA than other blood groups. 

In this study, analysis of mucopolysaccharides in osteoarthritic menisci of a 

human knee joint used ten (10) different types of special histological stains and 

measure the color intensity as a negative stain (- : 0%), weak (±: <25%), mild stain 

(+: 26-50%), moderate stain (+ +: 51-75%), and strong stain (+ + +: 76-100%). 

The stain alcian blue pH 1.0 was used to see the sulfated acid mucins. The 

control group used in this stain showed moderate (+ +) staining intensity, while the 

test group showed different color intensity negative (-) and weak stain (±) at 3 regions 

(anterior, middle, posterior) of the medial and lateral menisci of both legs. While 

comparing the control group and test group it was observed that there was decreased 

color intensity of sulfated acid mucins in osteoarthritis menisci. The results of test 

statistics used for intensity of sulphated acid mucins in different parts of medial and 

lateral menisci with a side of the legs, and found negative (-) intensity of sulphated 

mucins on both sides of the legs, showing significant variation (p < 0.001). 
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The stain alcian blue pH 2.5 was used to observe the acid mucins. The control 

group used in this stain showed strong (+ + +) staining intensity, whereas the test 

group showed different color intensities negative (-), weak (±), mild (+), and 

moderate (+ +) stains at 3 regions (anterior, middle, posterior) of medial and lateral 

menisci of both legs. While comparing the control group and test group, it was 

observed that there were decreased color intensity of acid mucins in osteoarthritis 

menisci. The results of test statistics used for the intensity of acid mucins in different 

parts of medial and lateral menisci with a side of the legs, and found Weak (±) and 

Mild (+) intensity of acid mucins on both sides of the legs showed significant 

variation (p < 0.05). 

The PAS and aldehyde fuchsin stains were used to observe the neutral mucins 

(glycogen carbohydrate) and sulphomucins respectively. The control group used in 

these stains showed moderate (+ +) and strong (+ + +) staining intensity respectively, 

whereas the test group showed different color intensities mild (+) and weak (±) for 

PAS, while negative (-), weak (±), Mild (+), and moderate (+ +) for aldehyde fuchsin 

(AF) stains at 3 regions (anterior, middle, posterior) of medial and lateral menisci of 

both legs. While comparing the control group and test group, it was observed that 

there were a decreased color intensity of neutral mucins (glycogen carbohydrate) and 

sulphomucins in osteoarthritis menisci respectively. The results of test statistics used 

for the intensity of acid mucins and sulphomucins in different parts of medial and 

lateral menisci with a side of the legs, and found Mild (+) intensity of neutral mucins 

and Mild (+) and Weak (±)  intensity of sulphomucins on both sides of the legs 

showed significant variation (p < 0.05). 
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The stain mucicarmine (MC) was used to observe the acid 

mucopolysaccharides. The control group used in this stain showed moderate (+ +) 

staining intensity, whereas the test group showed different color intensities negative (-

), weak (±), and mild (+) stains at 3 regions (anterior, middle, posterior) of medial and 

lateral menisci of both legs. While comparing the control and test groups, it was 

observed that there were decreased color intensity of acid mucopolysaccharides in 

osteoarthritis menisci. The results of test statistics used for the intensity of acid 

mucopolysaccharides in different parts of medial and lateral menisci with a side of the 

legs, and found Negative (-) and Weak (±) intensity of acid mucopolysaccharides on 

both sides of the legs showed significant variation (p < 0.05). 

Hyaluronidase enzyme labile technique was used to observe the hyaluronic 

acids. The control group used in this stain showed negative (-) staining intensity, 

whereas the test group showed different color intensities negative (-), weak (±), and 

mild (+) stains at 3 regions (anterior, middle, posterior) of medial and lateral menisci 

of both legs. While comparing the control and test groups, it was observed that there 

were an increase in the color intensity of hyaluronic acids in osteoarthritis menisci. 

The results of test statistics used for the intensity of hyaluronic acids in different parts 

of medial and lateral menisci with a side of the legs, were found negative (-) and mild 

(+) for medial meniscus and weak (±) and mild (+) for lateral meniscus of hyaluronic 

acids on both sides of the leg. This indicates a significant variation (p < 0.05) in both 

medial and lateral menisci. If tissues are treated with Bovine testicular hyaluronidase, 

negative (-) intensity indicates strong presence of the hyaluronic acid, weak (±) blue 

color intensity indicates average presence of hyaluronic acid and mild (+) blue color 

intensity indicates absence of hyaluronic acid. 
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The combined stain (PAS + AB -2.5) were used to observe the neutral and 

acidic mucins. The control group used in this stain showed strong (+ + +) staining 

intensity, whereas the test group showed different color intensities of moderate (+ +), 

mild (+), and weak (±) for PAS, and mild (+), weak (±) for AB - 2.5 stains at 3 

regions (anterior, middle, posterior) of medial and lateral menisci of both legs. While 

comparing the control and test groups, it was observed that there were decreased color 

intensity of neutral and acidic mucins in osteoarthritis menisci. The results of test 

statistics used for the intensity of neutral and acidic mucins in different parts of 

medial and lateral menisci with a side of the legs, were found mild (+) PAS and weak 

(±) AB -2.5 intensity of neutral and acidic mucins on both sides of the legs. This 

showed significant variation (p < 0.05) of neutral and acidic mucin on both sides of 

legs. 

The combined technique (AF + AB-2.5) and (Orcein + AB -2.5) stains were 

used to observe the (sulfated + carboxylated) and (sulpho and sialo) mucins 

respectively. The control group used in both combined stains showed moderate (+ +) 

staining intensity, whereas the test group showed different color intensities of mild (+) 

and weak (±) AF and mild (+) and weak (±) AB-2.5 stain and mild (+) and weak (±) 

Orcein and mild (+) and weak (±) AB – 2.5 stains at 3 regions (anterior, middle, 

posterior) of medial and lateral menisci of both legs. While comparing the control 

group and test group, it was observed that there were a decreased color intensity of 

(sulfated + carboxylated) and (sulpho and sialo) mucins respectively. The results of 

test statistics used for the intensity of (sulfated + carboxylated) mucins in different 

parts of medial and lateral menisci with a side of the legs, were found weak (±) AB, 

weak (±) AF and mild (+) AF intensity of sulfated + carboxylated mucins on both 

sides of the legs. This again showed significant variation (p < 0.05) of sulfated and 
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carboxylated mucin on both sides of the legs, whereas mild (+) O, weak (±) O, mild 

(+) AB – 2.5 and weak ± AB -2.5 intensity in medial menisci and mild + O and weak 

± AB -2.5 in lateral menisci of sulpho and sialo mucins on both sides of the legs and 

showed significant variation (p < 0.05) of sulpho and sialo mucin on both sides of the 

legs. 

Microscopic evaluation of menisci from osteoarthritic knee joints (Grade II, 

III, and IV) revealed fibrocartilaginous disruption. The degenerated extracellular 

matrix showed fine fibrillation and loss of structure. The fusion of spaces were 

occupied by cells of meniscus and matrix. Great variability in cell distribution was 

observed with hypercellular, hypocellular, and acellular areas, as well as areas 

containing large and abundant cell groups. Clusters of abnormal cells were found near 

the surface of the meniscus, typically associated with a worn area. Variability was 

observed in the intensity pattern of mucoid degeneration with light and moderate 

staining areas. 

Degeneration of the meniscus begins in the substance of the tissue rather than 

the surface. Tissue fibrillation and tears are first observed at the inner border, spread 

over time to the articular surface of the meniscus, and progress to complete 

destruction or loss of meniscus tissue. In this study microscopic structures of OA 

menisci in both legs were significantly associated with medial menisci of the posterior 

part (p < 0.05), while lateral menisci of the anterior and posterior parts was 

significantly associated with OA menisci. 

When age-related changes in microscopical structure in osteoarthritic menisci 

of the medial (anterior, middle, posterior) and lateral (anterior, middle, posterior) 

menisci of both legs, were recorded it was observed that moderate (Grade 3) OA was 

higher in all 50-59, 60-69, and 70 and above years of age groups. 



Bibliography 
 

 Page 177 
 

BIBLIOGRAPHY 

1. Fox AJ, Bedi A, Rodeo SA. The basic science of human knee menisci: 

Structure, composition, and function. Sports Health. 2012; 4(4):340-51. 

2. Ahmed AM. The load-bearing role of the knee menisci. Knee meniscus: Basic 

and Clinical Foundations. 1992 : 59 -73 

3. Hsu RW, Himeno S, Coventry MB, Chao EY. Normal axial alignment of the 

lower extremity and load-bearing distribution at the knee. Clinical 

Orthopaedics and Related Research (1976-2007). 1990; 255:215-27. 

4. Herwig JU, Egner EB, Buddecke EC. Chemical changes of human knee joint 

menisci in various stages of degeneration. Annals of the Rheumatic Diseases. 

1984; 43(4):635-40. 

5. Tanna S. Osteoarthritis ―Opportunities to address pharmaceutical gaps‖. 

Priority Medicines for Europe and World: A Public Health approach to 

Innovation. 2004; 6(12):3-23. Available from: 

http://archives.who.int/prioritymeds/report/background/osteoarthis.doc 

6. Cimpean A, Zarnescu O. An ultrastructure study of cartilage alterations in 

human osteoarthritis. Revue Roum Biol.- Biol Anim, Tome 50. 2005; 1(2):99-

105. 

7. Spicer SS, Leppi TJ, Stoward PJ. Suggestions for a histochemical terminology 

of carbohydrate-rich tissue components. Journal of Histochemistry & 

Cytochemistry. 1965; 13(7):599-603. 

8. Reid L, Clamp JR. The biochemical and histochemical nomenclature of 

mucus. British Medical Bulletin. 1978; 34(1):5-8. 



Bibliography 
 

 Page 178 
 

9. Esko JD, Kimata K, Lindahl U. Proteoglycans and sulfated 

glycosaminoglycans. Essentials of Glycobiology. 2nd ed. 2009. 

http://www.ncbi.nlm.nih.gov/books/NBK1900/ 

10. Caligur V. Glycosaminoglycan sulfation and signaling. BioFiles.2008;3(10):4-

18. Available from: 

http://www.sigmaaldrich.com/technicaldocument/articles/biofiles/glycosamino

glycan.html/ 

11. Brancroft J.D. and Stevens A. Theory and practice of histological 

techniques.2nd ed. Edinburg: Churchil Livingstone; 1982. p.182.  

12. Ganga GM. Study of mucin histochemistry in stomach and large intestine of 

human fetuses and its comparison with normal adult and malignant epithelial 

tumors of large intestine. PhD Cell Biology (Doctoral Thesis, Shivaji 

University, Maharashtra, India). 2003; 51 -52. 

13. Vina ER, Kwoh CK. Epidemiology of osteoarthritis: literature update. Current 

Opinion in Rheumatology. 2018; 30(2):160. 

14. Moyer R, Wirth W, Eckstein F. Sensitivity of different measures of frontal 

plane alignment to medial and lateral joint space narrowing: From the 

osteoarthritis initiative. In Seminars in Arthritis and Rheumatism 2015; 45(3): 

268-274. 

15. Mochizuki T, Tanifuji O, Koga Y, Sato T, Kobayashi K, Nishino K, et al. Sex 

differences in femoral deformity determined using three-dimensional 

assessment for osteoarthritic knees. Knee Surgery, Sports Traumatology, 

Arthroscopy. 2017; 25:468-76. 

http://www.sigmaaldrich.com/technicaldocument/articles/biofiles/


Bibliography 
 

 Page 179 
 

16. Chokkhanchitchai S, Tangarunsanti T, Jaovisidha S, Nantiruj K, Janwityanujit 

S. The effect of religious practice on the prevalence of knee osteoarthritis. 

Clinical Rheumatology. 2010; 29:39-44. 

17. Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, et al. 

Prevalence of knee symptoms and radiographic and symptomatic knee 

osteoarthritis in African Americans and Caucasians: the Johnston County 

Osteoarthritis Project. The Journal of Rheumatology. 2007; 34(1):172-80. 

18. Tangtrakulwanich B, Geater AF, Chongsuvivatwong V. Prevalence, patterns, 

and risk factors of knee osteoarthritis in Thai monks. Journal of Orthopaedic 

Science. 2006; 11:439-45. 

19. Ding C, Cicuttini F, Scott F, Stankovich J, Cooley H, Jones G. The genetic 

contribution and relevance of knee cartilage defects: case-control and sib-pair 

studies. The Journal of Rheumatology. 2005; 32(10):1937-42. 

20. Spector TD, Cicuttini F, Baker J, Loughlin J, Hart D. Genetic influences on 

osteoarthritis in women: a twin study. BMJ. 1996; 312(7036):940-3. 

21. Kujala UM, Leppävuori J, Kaprio J, Kinnunen J, Peltonen L, Koskenvuo M. 

Joint-specific twin and familial aggregation of recalled physician diagnosed 

osteoarthritis. Twin Research and Human Genetics. 1999; 2(3):196-202. 

22. Ding C, Cicuttini F, Blizzard L, Jones G. Genetic mechanisms of knee 

osteoarthritis: a population-based longitudinal study. Arthritis Research & 

Therapy. 2005; 8(1):1-8. 

23. Xu C, Marchand NE, Driban JB, McAlindon T, Eaton CB, Lu B. Dietary 

patterns and progression of knee osteoarthritis: data from the osteoarthritis 

initiative. The American Journal of Clinical Nutrition. 2020; 111(3):667-76. 



Bibliography 
 

 Page 180 
 

24. Lu B, Ahmad O, Zhang FF, Driban JB, Duryea J, Lapane KL, et al. Soft drink 

intake and progression of radiographic knee osteoarthritis: data from the 

osteoarthritis initiative. BMJ open. 2013; 3(7): 1-7. 

25. Veronese N, Koyanagi A, Stubbs B, Cooper C, Guglielmi G, Rizzoli R, et al . 

Mediterranean diet and knee osteoarthritis outcomes: a longitudinal cohort 

study. Clinical Nutrition. 2019; 38(6):2735-9. 

26. Manninen P, Riihimaki H, Heliovaara M, Suomalainen O. Physical exercise 

and risk of severe knee osteoarthritis requiring arthroplasty. Rheumatology. 

2001; 40(4):432-7. 

27. Lane NE. Physical activity at leisure and risk of osteoarthritis. Annals of the 

Rheumatic Diseases. 1996; 55(9):682-4. 

28. Esser S, Bailey A. Effects of exercise and physical activity on knee 

osteoarthritis. Current Pain and Headache Reports. 2011; 15:423-30. 

29. Li C, Ouyang N, Wang X, Liang A, Mo Y, Li S, et al. Association between the 

ABO blood group and primary knee osteoarthritis: A case–control study. 

Journal of Orthopaedic Translation. 2020; 21:129-35. 

30. Yaradilmis YU, Haberal B, Demirkale İ, Altay M. The correlation between 

knee osteoarthritis and the ABO blood group system in a Turkish population. 

Ann Clin Anal Med. 2021; 12(2):181-185. 

31. Lourie JA. Is there an association between ABO blood groups and primary 

osteoarthrosis of the hip? Annals of Human Biology. 1983; 10(4):381-3. 

32. Choi JW, Pai SH. Associations between ABO blood groups and osteoporosis 

in postmenopausal women. Annals of Clinical & Laboratory Science. 2004; 

34(2):150-3. 



Bibliography 
 

 Page 181 
 

33. Fetouh FA, Eman MA. Histological and ultrastructural age related changes in 

the menisci of the knee joint in rabbits. Zagazing Univ Med J. 2008;14:2290-

306. 

34. Zhao J, Huang S, Zheng J, Zhong C, Tang C, Zheng L, et al. Changes of rabbit 

meniscus influenced by hyaline cartilage injury of osteoarthritis. International 

Journal of Clinical and Experimental Medicine. 2014; 7(9):2948 – 56. 

35. Le Graverand MP, Vignon E, Otterness IG, Hart DA. Early changes in lapine 

menisci during osteoarthritis development: Part I: cellular and matrix 

alterations. Osteoarthritis and Cartilage. 2001; 9(1):56-64. 

36. Le Graverand MP, Vignon E, Otterness IG, Hart DA. Early changes in lapine 

menisci during osteoarthritis development Part II: Molecular alterations. 

Osteoarthritis and Cartilage. 2001; 9(1):65-72. 

37. Cheung HS. Distribution of type I, II, III and V in the pepsin solubilized 

collagens in bovine menisci. Connective Tissue Research. 1987; 16(4):343-56. 

38. Shapiro F, Glimcher Mj. Induction of osteoarthrosis in the rabbit knee joint: 

histologic changes following meniscectomy and meniscal lesions. Clinical 

Orthopaedics and Related Research. 1980 ;147:287-95. 

39. Melrose J, Smith S, Cake M, Read R, Whitelock J. Comparative spatial and 

temporal localisation of perlecan, aggrecan and type I, II and IV collagen in 

the ovine meniscus: an ageing study. Histochemistry and Cell Biology. 

2005;124:225-35. 

40. Ghadially FN, Thomas I, Yong N, Lalonde J. Ultrastructure of rabbit 

semilunar cartilages. Journal of Anatomy. 1978;125(3):499 – 517. 



Bibliography 
 

 Page 182 
 

41. Arnoczky SP, McDevitt CA, Schmidt MB, Mow VC, Warren RF. The effect 

of cryopreservation on canine menisci: a biochemical, morphologic, and 

biomechanical evaluation. Journal of Orthopaedic Research. 1988;6(1):1-2. 

42. Lopez-Franco M, Gomez-Barrena E. Cellular and molecular meniscal changes 

in the degenerative knee: a review. Journal of Experimental Orthopaedics. 

2018;5(1):1-8. 

43. Wildey GM, Billetz AC, Matyas JR, Adams ME, McDevitt CA. Absolute 

concentrations of mRNA for type I and type VI collagen in the canine 

meniscus in normal and ACL - deficient knee joints obtained by RNase 

protection assay. Journal of Orthopaedic Research. 2001;19(4):650-8. 

44. Gigante A, Specchia N, Greco F. Age-related distribution of elastic fibers in 

the rabbit knee. Clinical Orthopaedics and Related Research (1976-2007). 

1994;308:33-42. 

45. Kambic HE, McDevitt CA. Spatial organization of types I and II collagen in 

the canine meniscus. Journal of Orthopaedic Research. 2005;23(1):142-9. 

46. Liang T, Jiang HY, Li HT, Che YJ, Yang HL, An KN, et al. Early 

degeneration of the meniscus revealed by microbiomechanical alteration in a 

rabbit anterior cruciate ligament transection model. Journal of Orthopaedic 

Translation. 2020; 21:146-52. 

47. Huang H, Skelly JD, Ayers DC, Song J. Age-dependent changes in the 

articular cartilage and subchondral bone of C57BL/6 mice after surgical 

destabilization of medial meniscus. Scientific Reports. 2017; 7(1):1-9. 

48. Ribitsch I, Peham C, Ade N, Durr J, Handschuh S, Schramel JP, et al. 

Structure—Function relationships of equine menisci. PLOS One.2018; 

13(3):1-17. 



Bibliography 
 

 Page 183 
 

49. Sun Y, Mauerhan DR, Kneisl JS, Norton HJ, Zinchenko N, Ingram J, et al. 

Histological examination of collagen and proteoglycan changes in 

osteoarthritic menisci. The Open Rheumatology Journal. 2012; 6:24-32. 

50. Senan V, Sucheendran J, Prasad KH, Balagopal K. Histological features of 

meniscal injury. Kerala J Orthop. 2011; 24:30-6. 

51. DeHaven KE, Lohrer WA, Lovelock JE. Long-term results of open meniscal 

repair. The American Journal of Sports Medicine. 1995; 23(5):524-30. 

52. Pauli C, Grogan SP, Patil S, Otsuki S, Hasegawa A, Koziol J, et al. 

Macroscopic and histopathologic analysis of human knee menisci in aging and 

osteoarthritis. Osteoarthritis and Cartilage. 2011; 19(9):1132-41. 

53. Bullough PG, Munuera L, Murphy J, Weinstein AM. The strength of the 

menisci of the knee as it relates to their fine structure. The Journal of Bone and 

Joint Surgery. British Volume. 1970; 52(3):564-70. 

54. Englund M, Roemer FW, Hayashi D, Crema MD, Guermazi A. Meniscus 

pathology, osteoarthritis and the treatment controversy. Nature Reviews 

Rheumatology. 2012; 8(7):412-19. 

55. Clark CR, Ogden JA. Development of the menisci of the human knee joint. 

Morphological changes and their potential role in childhood meniscal injury. 

JBJS. 1983 ;65(4):538-47. 

56. Kestila I, Folkesson E, Finnila MA, Turkiewicz A, Onnerfjord P, Hughes V, et 

al. Three-dimensional microstructure of human meniscus posterior horn in 

health and osteoarthritis. Osteoarthritis and Cartilage. 2019; 27(12):1790-9. 

 

57. Battistelli M, Favero M, Burini D, Trisolino G, Dallari D, De Franceschi L, et 

al. Morphological and ultrastructural analysis of normal, injured and 



Bibliography 
 

 Page 184 
 

osteoarthritic human knee menisci. European Journal of Histochemistry. 2019; 

63(1):17-23. 

58. Musumeci G, Castrogiovanni P, Mazzone V, Szychlinska MA, Castorina S, 

Loreto C. Histochemistry as a unique approach for investigating normal and 

osteoarthritic cartilage. European journal of histochemistry. 2014; 58(2):107-

111. 

59. Verdonk PC, Forsyth RG, Wang J, Almqvist KF, Verdonk R, Veys EM, et al. 

Characterisation of human knee meniscus cell phenotype. Osteoarthritis and 

Cartilage. 2005;13(7):548-60. 

60. Videman T, Eronen I, Friman C, Langenskiold A. Glycosaminoglycan 

metabolism of the medial meniscus, the medial collateral ligament and the hip 

joint capsule in experimental osteoarthritis caused by immobilization of the 

rabbit knee. Acta Orthopaedica Scandinavica. 1979 ;50(4):465-70. 

61. Djurasovic M, Aldridge JW, Grumbles R, Rosenwasser MP, Howell D, 

Ratcliffe A. Knee joint immobilization decreases aggrecan gene expression in 

the meniscus. The American Journal of Sports Medicine. 1998; 26(3):460-6. 

62. Adams ME, Billingham ME, Muir H. The glycosaminoglycans in menisci in 

experimental and natural osteoarthritis. Arthritis & Rheumatism. 983; 

26(1):69-76. 

63. Adams ME, Muir H. The glycosaminoglycans of canine menisci. Biochemical 

Journal. 1981; 197(2):385-9. 

64. Fife RS. Identification of link proteins and a 116,000-Dalton matrix protein in 

canine meniscus. Archives of Biochemistry and Biophysics. 1985; 240(2):682-

8. 



Bibliography 
 

 Page 185 
 

65. Sanchez-Adams J, Willard VP, Athanasiou KA. Regional variation in the 

mechanical role of knee meniscus glycosaminoglycans. Journal of Applied 

Physiology. 2011;111(6):1590-6. 

66. Levillain A, Boulocher C, Kaderli S, Viguier E, Hannouche D, Hoc T, et al.  

Meniscal biomechanical alterations in an ACLT rabbit model of early 

osteoarthritis. Osteoarthritis and Cartilage. 2015;23(7):1186-93. 

67. Cook AE, Cook JL, Stoker AM. Metabolic responses of meniscus to IL-1β. 

The Journal of Knee Surgery. 2018; 31(09):834-40. 

68. Levillain A, Magoariec H, Boulocher C, Decambron A, Viateau V, Hoc T. 

Viscoelastic properties of rabbit osteoarthritic menisci: A correlation with 

matrix alterations. Journal of the Mechanical Behavior of Biomedical 

Materials. 2017; 65:1-10. 

69. Otsuki S, Hanson SR, Miyaki S, Grogan SP, Kinoshita M, Asahara H, et al. 

Extracellular sulfatases support cartilage homeostasis by regulating BMP and 

FGF signaling pathways. Proceedings of the National Academy of Sciences. 

2010; 107(22):10202-7. 

70. Stone AV, Vanderman KS, Willey JS, Long DL, Register TC, Shively CA, et 

al. Osteoarthritic changes in vervet monkey knees correlate with meniscus 

degradation and increased matrix metalloproteinase and cytokine secretion. 

Osteoarthritis and Cartilage. 2015; 23(10):1780-9. 

71. Lindahl U, Hook M. Glycosaminoglycans and their binding to biological 

macromolecules. Annual Review of Biochemistry. 1978; 47(1):385-417. 

72. McAlinden A, Dudhia J, Bolton MC, Lorenzo P, Heinegård D, Bayliss MT. 

Age-related changes in the synthesis and mRNA expression of decorin and 



Bibliography 
 

 Page 186 
 

aggrecan in human meniscus and articular cartilage. Osteoarthritis and 

Cartilage. 2001; 9(1):33-41. 

73. Mcdevitt CA, Webber RJ. The ultrastructure and biochemistry of meniscal 

cartilage. Clinical Orthopaedics and Related Research. 1990; 252:8-18. 

74. Ingman AM, Ghosh P, Taylor TK. Variation of collagenous and non-

collagenous proteins of human knee joint menisci with age and degeneration. 

Gerontology. 1974; 20(4):212-23. 

75. McNicol D, Roughley PJ. Extraction and characterization of proteoglycan 

from human meniscus. Biochemical Journal. 1980; 185(3):705-13. 

76. Ghosh P, Ingman AM, Taylor TK. Variations in collagen, non-collagenous 

proteins, and hexosamine in menisci derived from osteoarthritic and 

rheumatoid arthritic knee joints. The Journal of Rheumatology. 1975; 

2(1):100-7. 

77. Jerosch J. Effects of glucosamine and chondroitin sulfate on cartilage 

metabolism in OA: outlook on other nutrient partners especially omega-3 fatty 

acids. International Journal of Rheumatology. 2011; 2011: 1-18. 

78. Williams A, Gillis A, McKenzie C, Po B, Sharma L, Micheli L, et al. 

Glycosaminoglycan distribution in cartilage as determined by delayed 

gadolinium-enhanced MRI of cartilage (dGEMRIC): potential clinical 

applications. American Journal of Roentgenology. 2004; 182(1):167-72. 

79. Ericsson YB, Tjornstrand J, Tiderius CJ, Dahlberg LE. Relationship between 

cartilage glycosaminoglycan content (assessed with dGEMRIC) and OA risk 

factors in meniscectomized patients. Osteoarthritis and Cartilage. 2009; 

17(5):565-70. 



Bibliography 
 

 Page 187 
 

80. Tiderius CJ, Olsson LE, Nyquist F, Dahlberg L. Cartilage glycosaminoglycan 

loss in the acute phase after an anterior cruciate ligament injury: delayed 

gadolinium‐enhanced magnetic resonance imaging of cartilage and synovial 

fluid analysis. Arthritis & Rheumatism. 2005; 52(1):120-7. 

81. Abraham AC, Pauly HM, Donahue TH. Deleterious effects of osteoarthritis on 

the structure and function of the meniscal enthesis. Osteoarthritis and 

Cartilage. 2014; 22(2):275-83. 

82. Mine T, Ihara K, Kawamura H, Date R, Umehara K. Collagen expression in 

various degenerative meniscal changes: an immunohistological study. Journal 

of Orthopaedic Surgery. 2013; 21(2):216-20. 

83. Liang Y, Idrees E, Andrews SH, Labib K, Szojka A, Kunze M, et al. Plasticity 

of human meniscus fibrochondrocytes: a study on effects of mitotic divisions 

and oxygen tension. Scientific Reports. 2017; 7(1):1-13. 

84. Shrikanth CB, Sanjana J, Chilkunda ND. One-pot analysis of sulfated 

glycosaminoglycans. Glycoconjugate Journal. 2018; 35:129-37. 

85. Ahmed AM, Burke DL. In-vitro of measurement of static pressure distribution 

in synovial joints—Part I: Tibial surface of the knee. J Biomech Eng.1983, 

105(3): 216-225. 

86. Kettelkamp DB, Jacobs AW. Tibiofemoral contact area: determination and 

implications. J Bone Joint Surg Am. 1972; 54:349-356. 

87. Fairbank TJ. Knee joint changes after meniscectomy. The Journal of Bone & 

Joint Surgery British Volume. 1948; 30(4):664-70. 

88. McDermott ID, Amis AA. The consequences of meniscectomy. The Journal of 

Bone & Joint Surgery British Volume. 2006; 88(12):1549-56. 



Bibliography 
 

 Page 188 
 

89. Aagaard H, Verdonk R. Function of the normal meniscus and consequences of 

meniscal resection. Scandinavian Journal of Medicine & Science in Sports. 

1999 ;9(3):134-40. 

90. Manek NJ. Medical management of osteoarthritis. In Mayo Clinic Proceedings 

2001; 76 (5): 533-539. 

91. Felson DT, Lawrence RC, Dieppe PA, Hirsch R, Helmick CG, Jordan JM, et 

al. Osteoarthritis: new insights. Part 1: the disease and its risk factors. Annals 

of Internal Medicine. 2000; 133(8):635-46. 

92. Felson DT, Lawrence RC, Hochberg MC, McAlindon T, Dieppe PA, Minor 

MA, et al. Osteoarthritis: new insights. Part 2: treatment approaches. Annals of 

Internal Medicine. 2000; 133(9):726-37. 

93. Mikami T, Kitagawa H. Sulfated glycosaminoglycans: their distinct roles in 

stem cell biology. Glycoconjugate Journal. 2017; 34:725-35. 

94. Linhardt RJ, Toida T. Role of glycosaminoglycans in cellular communication. 

Accounts of Chemical Research. 2004; 37(7):431-8. 

95. Jackson RL, Busch SJ, Cardin AD. Glycosaminoglycans: molecular 

properties, protein interactions, and role in physiological processes. 

Physiological Reviews. 1991; 71(2):481-539. 

96. Brancroft J.D. and Gamble M. Theory and practical of histological techniques. 

6
th

 ed. Toronto: Churchil Livingstone; 2008: p.189-213.  

97. Englund M, Guermazi A, Lohmander LS. The meniscus in knee osteoarthritis. 

Rheumatic Disease Clinics. 2009; 35(3):579-90. 

98. Englund M. Meniscal tear—a common finding with often troublesome 

consequences. The Journal of Rheumatology. 2009;36(7):1362-4. 



Bibliography 
 

 Page 189 
 

99. Englund M, Guermazi A, Roemer FW, Aliabadi P, Yang M, Lewis CE, et al. 

Meniscal tear in knees without surgery and the development of radiographic 

osteoarthritis among middle‐aged and elderly persons: The multicentre 

osteoarthritis study. Arthritis & Rheumatism. 2009; 60(3):831-9. 

100. Englund M. The role of the meniscus in osteoarthritis genesis. Medical Clinics 

of North America. 2009; 93(1):37-43. 

101. Ding C, Martel-Pelletier J, Pelletier JP, Abram F, Raynauld JP, Cicuttini F, et 

al. Meniscal tear as an osteoarthritis risk factor in a largely non-osteoarthritic 

cohort: a cross-sectional study. The Journal of Rheumatology. 2007; 

34(4):776-84. 

102. Englund M, Roos EM, Lohmander LS. Impact of type of meniscal tear on 

radiographic and symptomatic knee osteoarthritis: a sixteen‐year followup of 

meniscectomy with matched controls. Arthritis & Rheumatism. 2003; 

48(8):2178-87. 

103. Hunter DJ, Zhang YQ, Niu JB, Tu X, Amin S, Clancy M, et al. The 

association of meniscal pathologic changes with cartilage loss in symptomatic 

knee osteoarthritis. Arthritis & Rheumatism. 2006; 54(3):795-801. 

104. Radin EL, de Lamotte F, Maquet P. Role of the menisci in the distribution of 

stress in the knee. Clinical Orthopaedics and Related Research (1976-2007). 

1984; 185:290-4. 

105. McDermott I. Meniscal tears, repairs and replacement: their relevance to 

osteoarthritis of the knee. British journal of Sports Medicine. 2011; 45(4):292-

7. 



Bibliography 
 

 Page 190 
 

106. Englund M, Guermazi A, Gale D, Hunter DJ, Aliabadi P, Clancy M, et al. 

Incidental meniscal findings on knee MRI in middle-aged and elderly persons. 

New England Journal of Medicine. 2008;359(11):1108-15. 

107. Chan WP, Lang P, Stevens MP, Sack K, Majumdar S, Stoller DW, et al. 

Osteoarthritis of the knee: comparison of radiography, CT, and MR imaging to 

assess extent and severity. American journal of Roentgenology. 1991; 

157(4):799-806. 

108. Bennett LD, Buckland‐Wright JC. Meniscal and articular cartilage changes in 

knee osteoarthritis: a cross‐sectional double‐contrast macroradiographic study. 

Rheumatology. 2002; 41(8):917-23. 

109. Englund M. Meniscal tear—a feature of osteoarthritis. Acta Orthopaedica 

Scandinavica. 2004; 75(312):1-45. 

110. Baum T, Joseph GB, Karampinos DC, Jungmann PM, Link TM, Bauer JS. 

Cartilage and meniscal T2 relaxation time as non-invasive biomarker for knee 

osteoarthritis and cartilage repair procedures. Osteoarthritis and Cartilage. 

2013; 21(10):1474-84. 

111. Pond MJ, Nuki G. Experimentally-induced osteoarthritis in the dog. Annals of 

the Rheumatic Diseases. 1973; 32(4):387. 

112. McDevitt CA, Muir HE. Biochemical changes in the cartilage of the knee in 

experimental and natural osteoarthritis in the dog. The Journal of Bone & Joint 

Surgery British Volume. 1976; 58(1):94-101. 

113. Rodeo SA, Seneviratne A, Suzuki K, Felker K, Wickiewicz TL, Warren RF. 

Histological analysis of human meniscal allografts: a preliminary report. JBJS. 

2000; 82(8):1071-82. 



Bibliography 
 

 Page 191 
 

114. Krenn V, Kurz B, Krukemeyer MG, Knoess P, Jakobs M, Poremba C, et al. 

Histopathological degeneration score of fibrous cartilage: low-and high-grade 

meniscal degeneration. Zeitschrift fur Rheumatologie. 2010;69:644-52. 

115. Krenn V, Knoss P, Ruther W, Jakobs M, Otto M, Krukemeyer MG, et al. 

Meniscal degeneration score and NITEGE expression: immunohistochemical 

detection of NITEGE in advanced meniscal degeneration. Der Orthopade. 

2010; 39:475-85. 

116. Mesiha M, Zurakowski D, Soriano J, Nielson JH, Zarins B, Murray MM. 

Pathologic characteristics of the torn human meniscus. The American journal 

of Sports Medicine. 2007; 35(1):103-12. 

117. Meister K, Indelicato PA, Spanier S, Franklin J, Batts J. Histology of the Torn 

Meniscus: A Comparison of Histologic Differences in Meniscal Tissue 

between Tears in Anterior Cruciate LigamentIntact and Anterior Cruciate 

LigamentDeficient Knees. The American Journal of Sports Medicine. 2004; 

32(6):1479-83. 

118. Raunest J, Hotzinger H, Burrig KF. Magnetic resonance imaging (MRI) and 

arthroscopy in the detection of meniscal degenerations: correlation of 

arthroscopy and MRI with histology findings. Arthroscopy: The Journal of 

Arthroscopic & Related Surgery. 1994; 10(6):634-40. 

119. Manco LG, Lozman JE, Coleman ND, Kavanaugh JH, Bilfield BS, Dougherty 

JA. Noninvasive evaluation of knee meniscal tears: preliminary comparison of 

MR imaging and CT. Radiology. 1987; 163(3):727-30. 

120. Stoller DW, Martin C, Crues 3rd JV, Kaplan L, Mink JH. Meniscal tears: 

Pathologic correlation with MR imaging. Radiology. 1987; 163(3):731-5. 



Bibliography 
 

 Page 192 
 

121. Hodler J, Haghighi P, Pathria MN, Trudell D, Resnick D. Meniscal changes in 

the elderly: Correlation of MR imaging and histologic findings. Radiology. 

1992; 184(1):221-5. 

122. Ghosh P, Read R, Armstrong S, Wilson D, Marshall R, McNair P. The effects 

of intraarticular administration of hyaluronan in a model of early osteoarthritis 

in sheep I. Gait analysis and radiological and morphological studies. In 

Seminars in Arthritis and Rheumatism 1993; 22(6):18-30. 

123. Cake M, Read R, Edwards S, Smith MM, Burkhardt D, Little C, et al. Changes 

in gait after bilateral meniscectomy in sheep: effect of two hyaluronan 

preparations. Journal of Orthopaedic Science. 2008; 13(6):514-23. 

124. Sandmann GH, Adamczyk C, Garcia EG, Doebele S, Buettner A, Milz S, et al. 

Biomechanical comparison of menisci from different species and artificial 

constructs. BMC Musculoskeletal Disorders. 2013; 14:1-8. 

125. Chevrier A, Nelea M, Hurtig MB, Hoemann CD, Buschmann MD. Meniscus 

structure in human, sheep, and rabbit for animal models of meniscus repair. 

Journal of Orthopaedic Research. 2009; 27(9):1197-203. 

126. Melrose J, Smith S, Cake M, Read R, Whitelock J. Comparative spatial and 

temporal localisation of perlecan, aggrecan and type I, II and IV collagen in 

the ovine meniscus: an ageing study. Histochemistry and Cell Biology.2005; 

124:225-35. 

127. Appleyard RC, Burkhardt D, Ghosh P, Read R, Cake M, Swain MV, et al. 

Topographical analysis of the structural, biochemical and dynamic 

biomechanical properties of cartilage in an ovine model of osteoarthritis. 

Osteoarthritis and Cartilage. 2003; 11(1):65-77. 



Bibliography 
 

 Page 193 
 

128. Messner K, Gao J. The menisci of the knee joint. Anatomical and functional 

characteristics, and a rationale for clinical treatment. The Journal of Anatomy. 

1998; 193(2):161-78. 

 

129. Jackson DW, McDevitt CA, Simon TM, Arnoczky SP, Atwell EA, Silvino NJ. 

Meniscal transplantation using fresh and cryopreserved allografts: an 

experimental study in goats. The American Journal of Sports Medicine. 1992; 

20(6):644-56. 

 

130. Noble J, Hamblen DL. The pathology of the degenerate meniscus lesion. The 

Journal of Bone & Joint Surgery British Volume. 1975; 57(2):180-6. 

 

 

131. Anderson AS, Loeser RF. Why is osteoarthritis an age-related disease? Best 

Practice & Research Clinical Rheumatology. 2010; 24(1):15-26. 

 

132. Litwic A, Edwards MH, Dennison EM, Cooper C. Epidemiology and burden 

of osteoarthritis. British Medical Bulletin. 2013; 105(1):185-99. 

 

133. Miller ME, Rejeski WJ, Messier SP, Loeser RF. Modifiers of change in 

physical functioning in older adults with knee pain: the Observational Arthritis 

Study in Seniors (OASIS). Arthritis Care & Research. 2001; 45(4):331-9. 

 

 

134. Roos H, Adalberth T, Dahlberg L, Lohmander LS. Osteoarthritis of the knee 

after injury to the anterior cruciate ligament or meniscus: the influence of time 

and age. Osteoarthritis and Cartilage. 1995; 3(4):261-7. 

 

135. Conley S, Rosenberg A, Crowninshield R. The female knee: anatomic 

variations. Journal of the American Academy of Orthopaedic Surgeons. 2007; 

15:31-6. 



Bibliography 
 

 Page 194 
 

136. Merchant AC, Arendt EA, Dye SF, Fredericson M, Grelsamer RP, Leadbetter 

WB, et al. The female knee: anatomic variations and the female-specific total 

knee design. Clinical Orthopaedics and Related Research. 2008; 466:3059-65. 

137. Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS, et al. 

Prevalence of obesity, diabetes, and obesity-related health risk factors, 2001. 

Journal of American Medical Association. 2003; 289(1):76-9. 

138. Hawker GA, Wright JG, Coyte PC, Williams JI, Harvey B, Glazier R, et al. 

Differences between men and women in the rate of use of hip and knee 

arthroplasty. New England Journal of Medicine. 2000; 342(14):1016-22. 

139. Al-Arfaj AS, Alballa SR, Al-Saleh SS, Al-Dalaan AM, Bahabry SA, Mousa 

MA, et al. Knee osteoarthritis in Al-Qaseem, Saudi Arabia. Saudi Medical 

Journal. 2003;24(3):291-3. 

140. Kacar C, Gilgil E, Urhan S, Arıkan V, Dundar U, Oksuz MC, et al. The 

prevalence of symptomatic knee and distal interphalangeal joint osteoarthritis 

in the urban population of Antalya, Turkey. Rheumatology International. 

2005; 25:201-4. 

141. Tangtrakulwanich B, Geater AF, Chongsuvivatwong V. Prevalence, patterns, 

and risk factors of knee osteoarthritis in Thai monks. Journal of Orthopaedic 

Science. 2006; 11:439-45. 

142. Malik VS, Popkin BM, Bray GA, Despres JP, Hu FB. Sugar-sweetened 

beverages, obesity, type 2 diabetes mellitus, and cardiovascular disease risk. 

Journal of the American Heart Association. 2010; 121(11):1356-64. 

143. Vartanian LR, Schwartz MB, Brownell KD. Effects of soft drink consumption 

on nutrition and health: a systematic review and meta-analysis. American 

Journal of Public Health. 2007;97(4):667-75. 



Bibliography 
 

 Page 195 
 

144. Panush RS, Schmidt C, Caldwell JR, Edwards NL, Longley S, Yonker R, et al. 

Is running associated with degenerative joint disease? Journal of American 

Medical Association. 1986; 255(9):1152-4. 

145. Sohn RS, Micheli LJ. The effect of running on the pathogenesis of 

osteoarthritis of the hips and knees. Clinical Orthopaedics and Related 

Research. 1985; 198:106-9. 

146. Harrison GA, Boyce AJ, Hornabrook RW, Serjeantson S, Craig WJ. Evidence 

for an association between AB0 blood group and goitre. Human Genetics. 

1976; 32:335-7. 

147. Uzoigwe CE, Smith RP, Khan A, Aghedo D, Venkatesan M. Association of 

ABO blood group with fracture pattern and mortality in hip fracture patients. 

The Annals of the Royal College of Surgeons of England. 2014; 96(6):442-5. 

148. Palmoski M, Perricone E, Brandt KD. Development and reversal of a 

proteoglycan aggregation defect in normal canine knee cartilage after 

immobilization. Arthritis & Rheumatism.1979; 22(5):508-17. 

149. Peters TJ, Smillie ES. Studies on the chemical composition of the menisci of 

the knee joint with special reference to the horizontal cleavage lesion. Clinical 

Orthopaedics and Related Research (1976-2007). 1972; 86:245-52. 

150. Lopez-Franco M, Lopez-Franco O, Murciano-Anton MA, Canamero-Vaquero 

M, Fernandez-Acenero MJ, Herrero-Beaumont G, et al. Meniscal degeneration 

in human knee osteoarthritis: in situ hybridization and immunohistochemistry 

study. Archives of Orthopaedic and Trauma Surgery. 2016; 136:175-83. 

151. Dahl LB, Dahl IM, Engström-Laurent A, Granath K. Concentration and 

molecular weight of sodium hyaluronate in synovial fluid from patients with 



Bibliography 
 

 Page 196 
 

rheumatoid arthritis and other arthropathies. Annals of the Rheumatic 

Diseases. 1985;44(12):817-22. 

152. Teeple E, Elsaid KA, Jay GD, Zhang L, Badger GJ, Akelman M, et al. Effects 

of supplemental intra-articular lubricin and hyaluronic acid on the progression 

of posttraumatic arthritis in the anterior cruciate ligament–deficient rat knee. 

The American Journal of Sports Medicine. 2011; 39(1):164-72. 

153. Warnecke D, Balko J, Haas J, Bieger R, Leucht F, Wolf N, et al. Degeneration 

alters the biomechanical properties and structural composition of lateral 

human menisci. Osteoarthritis and Cartilage. 2020;28(11):1482-91 

154. Kavanagh E, Ashhurst DE. Distribution of biglycan and decorin in collateral 

and cruciate ligaments and menisci of the rabbit knee joint. Journal of 

Histochemistry & Cytochemistry. 2001; 49(7):877-85. 

155. Le Graverand MP, Reno C, Hart DA. Gene expression in menisci from the 

knees of skeletally immature and mature female rabbits. Journal of 

Orthopaedic Research. 1999; 17(5):738-44. 

156. Bland YS, Ashhurst DE. Changes in the content of the fibrillar collagens and 

the expression of their mRNAs in the menisci of the rabbit knee joint during 

development and ageing. The Histochemical Journal. 1996; 28:265-74. 

157. Boykiw R, Sciore P, Reno C, Marchuk L, Frank CB, Hart DA. Altered levels 

of extracellular matrix molecule mRNA in healing rabbit ligaments. Matrix 

Biology. 1998; 17(5):371-8. 

158. Katsuragawa Y, Saitoh K, Tanaka N, Wake M, Ikeda Y, Furukawa H, et al. 

Changes of human menisci in osteoarthritic knee joints. Osteoarthritis and 

Cartilage. 2010; 18(9):1133-43. 



Bibliography 
 

 Page 197 
 

159. Berthiaume MJ, Raynauld JP, Martel-Pelletier J, Labonte F, Beaudoin G, 

Bloch DA, et al.   Meniscal tear and extrusion are strongly associated with 

progression of symptomatic knee osteoarthritis as assessed by quantitative 

magnetic resonance imaging. Annals of the Rheumatic Diseases. 2005; 

64(4):556-63. 

160. Upton ML, Hennerbichler A, Fermor B, Guilak F, Weinberg JB, Setton LA. 

Biaxial strain effects on cells from the inner and outer regions of the meniscus. 

Connective Tissue Research. 2006; 47(4):207-14. 

161. Nakano T, Dodd CM, Scott PG. Glycosaminoglycans and proteoglycans from 

different zones of the porcine knee meniscus. Journal of Orthopaedic 

Research. 1997; 15(2):213-20. 

162. Venn G, Mason RM. Absence of keratan sulphate from skeletal tissues of 

mouse and rat. Biochemical Journal. 1985; 228(2):443-50. 

163. SL W. Connective tissue response to immobility. Correlative study of 

biomechanical and biochemical measurements of normal and immobilized 

rabbit knees. Arthritis and Rheumatism. 1975; 18:257-64. 

164. Bank RA, Bayliss MT, Lafeber FP, Maroudas A, Tekoppele JM. Ageing and 

zonal variation in post-translational modification of collagen in normal human 

articular cartilage: the age-related increase in non-enzymatic glycation affects 

biomechanical properties of cartilage. Biochemical Journal. 1998; 330(1):345-

51. 

165. Aagaard H, Verdonk R. Function of the normal meniscus and consequences of 

meniscal resection. Scandinavian Journal of Medicine & Science in Sports. 

1999;9(3):134-40. 

 



Annexures 

 

 Page 198 
 

ANNEXURES 

I)  PROFORMA 

QUESTIONNAIRE PROFORMA 

JAWAHARLAL NEHRU MEDICAL COLLEGE, NEHRU NAGAR, 

BELAGAVI – 590010 

Project Title 

“Histochemical Study of Mucopolysaccharides and Microscopic Structure of 

Osteoarthritic Menisci of the Human Knee Joint” 

A. Demographic information 

1. Identification no:                                            From :  

2. Name of participant : 

3. Age in completed years:  

i) 20 – 29         ii) 30 – 39        iii) 40 – 49        iv) 50 – 59           v) 60 – 65 

4. Sex:     i) Male          ii) Female 

5. Marital status : 

i) Married        ii) Unmarried   iii) Divorced       iv) Widow           v) Single 

     6. Religion: i) Hindu          ii) Muslims             iii) Christian              iv) Others 

     7.  Education:   

     i) Illiterate   ii) Primary    iii) Secondary   iv) Higher Secondary 

   v) Graduate vi) post graduate      

    8. Type of Family:  i) Nuclear        ii) Joint        iii) Broken      iv) 3
rd

 generation 
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 9.  Annual Income: According to the modified BG Prasad classification Per capita   

      monthly income in Rupees ( it will be kept according to given scale and family   

      member)  

i) Upper class     ii) Upper Middle     iii) Middle class      

iv) Lower middle  v) Lower class 

   10. Duration of the Job / Business start in years: 

          i) <1               ii) 1 – 5                  iii) 5 – 10                   iv) >10   

B. Life style related 

11. Have you ever smoked cigarette?   

      i) Yes              ii) No 

12. If the answer is yes, tell us at what age did you start smoking? 

      i) ------------ years                 ii) Forgot  

13. On average how many cigarettes are you taking in a day? (Sticks) 

      i) 1 – 9             ii) 10 – 19            iii) >20 

14. Are you still smoker? 

       i) Yes                    ii) No 

15. If the answer is no , when did you quit smoking ? 

      ------------------- 

16. Do you take chewing Tobacco? 

         i) Yes                  ii) No                       iii) Previously, but not now 

17. What type of the chewing tobacco do you consume?  

         i) Gutkha         ii) Pan parag      iii) Jarda/ Khaini         iv) Others 

18.  Are you taking Alcohol? 

          i) Yes                         ii) No 
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19.  If the answer is yes, Average Number of days taking alcohol / month? 

          i) 0 – 1          ii) 1 – 3            iii) 4 – 6                iv) 7 – 12             v) >12 

20.  What level of physical activities do you have while at work? 

           i) Light          ii) Moderate              iii) Active  

21. What level of physical activities do you have while commuting to and from work? 

i) Using motorized transportation, or no work (0 min of walking or cycling) 

ii) Walking or cycling 1 – 29 min 

iii) Walking or cycling >30 min. 

22. Do you go for Yoga/ meditation? 

          i) Yes             ii) No                      iii) Not regular 

23.  Do you make physical exercise? 

          i) Yes               ii) No                     iii) Not regular 

24.  Are you vegetarian? 

          i) Yes                 ii) No 

25. Do you have any close relative who is/was suffering from osteoarthritis?  

          i) Yes                  ii) No 

   if the answer is yes, who is the person? 

         i) Father     ii) Mother   iii) Sibling    iv) Father’s sibling    v) Mother’s sibling  

        vi) Child    vii) Father’s parents     viii) Mother’s parents       ix) sibling’s child      
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II) INFORMED CONSENT AND PATIENT INFORMATION SHEET 
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III) ETHICAL CLEARANCE LETTER 
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IV) PUBLICATIONS 
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V)  CERTIFICATES OF ORAL PAPER PRESENTATION 
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