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Joint degeneration and articular lesions represent a common cause of temporary or permanent 

disability, both in elderly and in young people, and their onset could be associated to different 

physiological and pathological conditions.  

Mechanical overloading is one of the most relevant risk factor for joint diseases and traumas 

promoting. As already demonstrated in the literature, conditions such as obesity (often due to 

sedentariness and wrong diet), working physical overuse and excessive or incorrect physical 

activity can induce articular disorders or injuries.1,2 These last, may also depend, for instance, 

on repetitive microtrauma, acute sport trauma or aging. Joint injuries, especially if recidivist, 

together with mechanical overloading may induce articular structure degeneration, which can 

contribute to the development and the progression of articular pathologies.3,4,5 Two of these 

most common joint diseases are osteoarthritis (OA) and calcium pyrophosphate dihydrate 

crystal deposition disease (CPPD). 

OA is today the leading cause of pain and disability in the elderly population.6,7 Aging is the 

most relevant risk factor, together with mechanical overuse, obesity, joint trauma and impact 

or contact sports.8,9,10 OA is characterized by joint pain, stiffness, swelling and limited 

functions, with a consequent quality of life reduction.10,11,12 In radiographic images osteophytes 

and joint space impairment mainly appear.13 This chronic-degenerative disease may affects all 

synovial joints, but in particular interest knee, hip, vertebral column and hands.8,9 

CPPD is a common rheumatological disorder in elderly population, characterized by the 

presence of radiographic articular cartilage calcifications.14,15 This condition is also called 

chondrocalcinosis.16 It is strictly correlated to aging and/or previous joint trauma,16,17 and the 

most affected joint is knee, followed by wrist, hip, pubis symphysis and shoulder.18 Symptoms 

are difficult to interpret, in fact CPPD can be characterized by acute joint pain attacks, swelling 

and stiffness, but it may also be asymptomatic, or comparable with a chronic inflammatory 

arthritis.19 Moreover, CPPD and OA often coexist in the same joint, probably inducing a 

symptom worsening,20,21,22 but their interaction is still unclear. 
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An appropriate, constant over time and balanced physical activity can be the most powerful 

preventive and rehabilitative treatment for articular degeneration or joint traumas. In the 

preventive strategy, a proper nutrition and the maintenance of the BMI (Body Mass Index) in 

the normal-weight threshold are also added.8 Concerning the rehabilitation, we could have 

different approaches in terms of conservative or surgical treatment. American College of Sports 

Medicine’s guidelines represent a valid international reference for safe physical exercise 

prescription in subjects affected by articular pathologies such as OA and CPPD or post-articular 

trauma.23 This activity is important to maintain muscular trophism, to improve proprioception 

and balance, to limit the progression of the disease, to avoid further joint traumas and also to 

avoid an eventual surgery.24 If this latter becomes necessary, it is very important to use specific 

pre-operative exercise protocols, to reduce as much as possible recovery time after surgery.12 

Finally, also the post-operatory rehabilitation has a crucial role in maximizing the surgery 

results, in articular and muscular recovery and in returning to sport activity as soon as possible, 

in case of athletes.12   

As previously reported, given that overload is one of the main risk factors for articular 

pathology onset or joint trauma, during my doctoral course I focused my attention on two of 

the most mechanically stressed joints, which are the knee and the shoulder. These are always 

subjected to stress, wear and mechanical loading, and they consequently have a high probability 

to incur in injuries or joint degeneration. 

In particular, I analysed knee and shoulder joints modifications in different physiopathological 

conditions: OA, CPPD and meniscal trauma. 
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AIM OF THE WORK 
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In this thesis, I analysed:  

− knee joint alterations in patients affected by CPPD; 

− shoulder joint modifications in subjects affected by CPPD; 

− traumatic knee joint changes in median-age patients, compared with knee joint 

alteration of subjects affected by OA. 

Each condition is explained in detail in the three following publications. 

Briefly, the main aims of the first study were to analyse the differences between knee loaded 

and non-loaded area, and to investigate morphological modifications of femoral condyle 

articular cartilage in patients affected by CPPD, in particular analysing chondrocyte behavior. 

The main goal of the second work was to investigate calcium crystal distribution and its 

interaction with cell behavior in glenohumeral joint, in particular in humeral articular cartilage, 

long head of biceps brachii tendon sheath, articular capsule and loose bodies, in patients 

affected by CPPD. 

The aim of the third study was to investigate extracellular matrix (ECM) composition and cell 

morphology of normal, injured, and OA menisci from human knee. In addition, the age 

importance to determine the pre- and post-operative outcome was examined. 

As reported in the results, samples were fixed and processed to be analysed by means of light 

microscopy, transmission electron microscopy (TEM) and environmental scanning electron 

microscopy (ESEM) with microanalysis capability. 
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DISCUSSION 
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Knee and shoulder joint modifications in different physiopathological conditions have been 

widely analysed in these three studies. 

In the first work, according to the literature, we showed the predominant presence of cartilage 

degeneration in knee loaded zone, suggesting a possible role of mechanical loading to promote 

articular diseases. In addition, a particular kind of chondrocyte apoptosis called chondroptosis, 

until now detected only in patients affected by OA,25,26 for the first time has been observed in 

chondrocalcinotic cartilage. But further studies are necessary to better characterize this death 

mechanism, which is still uncertain. Therefore, considered the role of cell death as a potential 

target for pharmacological treatments, the identification of chondroptosis in CPPD could open 

a new research field in the study of this disease.  

In the second paper, we have reported that until now shoulder CPPD has been analysed only 

through radiological investigation,27 and, as far as we know, this is the first study which 

examined crystal deposition in human shoulder by means of various microscopy techniques 

(previous described). In addition, we demonstrated that in each joint structure analysed, 

impaired and healthy cells are mostly concentrated close and far away from the calcium crystal 

deposits, respectively. Thus, taken together, these preliminary findings suggest a connection 

between cell death and crystal accumulation. However, if cell death is the origin or the 

consequence of crystal deposition is still under discussion,28,29,30 and future studies will be 

necessary to better understand the probable cause-effect relationship. 

Finally, in the last study we displayed that meniscal injury increases meniscal tissue 

degeneration, which becomes similar to the OA damage. Moreover, we found that in the 25-

year-old patient, in spite of the 2 years of symptom duration before the partial meniscectomy, 

the meniscal features were similar to those from the multiorgan donors, and post-operative 

improvement was comparable to those in patients treated within 12 months following the injury. 

Therefore, age seems to significantly affect the pre- e post-operative joint structures stability. 
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The limits of our studies are the low number of patients and the absence of molecular analysis. 

Thus, to enhance the data significance, in our future studies we would like to increase the patient 

number and to better characterize molecular pathways of the cellular and tissue alterations by 

means of molecular biology techniques as reported in literature.11,22,31,32,33,34,35,36,37 

In conclusion, our results have highlighted many innovative and interesting aspects concerning 

the incidence of mechanical overload in the onset of joint pathologies, the microscopical 

articular modifications in OA and CPPD, the first identification of chondroptosis in CPPD, the 

probable cause-effect relationship between cell death and calcium crystals, the similarity 

between meniscal degeneration from OA and meniscal trauma, and the young age importance 

in pre- and post-operative joint stability. 
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