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Basic terminology
Parts of a bone
Epiphysis  -  the end of the bone.

Diaphysis  -  the shaft of the bone.

Metaphysis  -  the area of the bone beneath the growth plate which has a variable diameter, this is the region where bone elongation (growth) occurs.

Physis  -  the growth plate.

Bone as a tissue
Bone is composed of cells and extracellular matrix.  The extracellular matrix is termed osteoid when it is unmineralized and bone when it is mineralized.

Osteoblasts  -  the metabolically active cells that actively manufacture bone.  These cells have receptors for PTH.

Osteocytes  -  osteoblasts that have become incorporated within the bone matrix.  These cells contain the enzyme alkaline phosphatase and the serum level of this is a crude reflection of the degree of osteoblastic activity.

Osteoclasts  -  multinucleated cells that resorb bone.  These cells contain acid phosphatase and are activated by osteoblasts in the presence of PTH.  They are formed from multiple bone marrow macrophages.

Osteoprogenitor cells  -  undifferentiated cells that can differentiate into osteoblasts, fibroblasts and cartilage cells, under the appropriate stimulus.

Extracellular matrix
Inorganic
Calcium hydroxyapatite [Ca10(PO4)6(OH)2] - trace other minerals.

Organic
>90% collagen type I.

remainder is glycosaminoglycans and calcium matrix binding proteins, such as osteonectin and osteocalcin.

Organization of mature bone
Cortical bone  -  the bone of the cortex, it has a characteristic, concentric arrangement surrounding blood vessels, which are termed haversian systems.  This bone provides the structural strength allowing locomotion, muscle activity, etc.

Trabecular bone  -  the bone in the medullary canal whose function is to transmit the forces from the articular cartilage to the cortex, hence it is most developed in the epiphyses.  Within the trabecular bone is found the marrow space.  This space contains either fatty marrow, or haematopoietic marrow, the latter has a well developed sinusoidal network, whilst the former does not, although it can form one if needed.

Structural/ microscopic types of bone
Lamellar bone  -  bone, in which the collagen has a defined organized arrangement.  It is formed through remodelling of woven bone.  This type of bone provides most of the structural strength that bone possesses.

Woven bone  -  bone in which the extracellular collagen has a haphazard arrangement, it does not have much strength.  It's advantage is that it is formed rapidly.  It is the type of bone that is formed in fracture callus and as a reaction to tumors, infection, etc.  Woven bone serves as the template for subsequent lamellar bone formation in all places. 

Bone remodelling 
It is important to recognize that bone is not a static structure, but rather is constantly being reorganised, based on needs, both chemical and structural/ functional.  Wolff's Law states that bone remodels itself along lines of mechanical stress.

Many hormones affect bone
Parathyroid hormone  -  diminishes the bone formative activity of osteoblasts and increases the activity of osteoclasts.

Activated vitamin D (1,25(OH)2D3)  -  acts on osteoblasts to induce mineralization of bone.

Glucocorticoids  -  sensitize bone to the action of PTH.

Thyroid hormones  -  stimulate bone resorption.

Calcitonin  -  Appears to inhibit bone resorption.

Growth hormone  -  necessary for skeletal growth.

Other mediators of bone remodelling activity

Insulin like growth factors  -  activate osteoblasts to synthesize bone, these factors are essential in bone development, remodelling and repair.
Prostaglandins  -  PGE2 stimulates bone resorption.

Osteoclast activating factors  -  Many interleukins.  IL-1, IL-6, etc.

Humeral hypercalcemia factors of malignancy.

Serum alkaline phosphatase, calcium and phosphorus are often used as indicators of bone remodelling activity.  In general, the alk. phos. activity reflects the degree of osteoblastic activity, whilst the other indices are helpful in elucidating hormonal overactivity.

Metabolic bone diseases
These disorders are common and result in massive morbidity.

Osteoporosis
The single most important is osteoporosis, which is a disorder characterized by loss of bone mass.  Metabolically, these patients are normal and the morbidity is purely a result of diminished structural strength of the bones.

There are 3 types

Generalized  -  entire skeleton is affected, axial and proximal appendicular skeleton worse than distal appendicular skeleton.

Regional  -  one segment affected, e.g. following immobilization, or reflex sympathetic dystrophy.

Localized  -  single or multiple areas affected, e.g adjacent to neoplasm, fracture, etc.

Generalized is the most important

Causes of generalized osteoporosis.

Senile, post menopausal, hyperthyroidism, Cushing's disease, scurvy, calcium deficiency, alcoholism.

After the age of 50, men lose 0.75% of bone mass per year.  Women lose 1% per year after the age of 35 and up to 3% per year after the menopause.

Post menopausal osteoporosis 
Epidemiology  - In the US, affects 1.5 million females each year, resulting in 300,000 osteoporotic hip fractures. 

Clinical features  -  Most patients are asymptomatic until they fracture, then pain is the most common symptom.

Radiology  -  Radiographs demonstrate osteopenia, but only when there is reduction in bone mass by up to 50%. 

Pathology  -  bone is histologically normal, but dimished in amount, there is no alteration in the amount of osteoid.  All biochemical markers are normal.

Pathogenesis  -  this is a disorder of bone remodelling, in which the coupled sequences of resorption and synthesis become disconnected.  Serum calcium, phosphate, and enzyme levels are all normal.  Estrogen has an extremely important role in the process, as early estrogen replacement therapy in post menopausal females can markedly diminish the bone loss.  Recent work suggests that estrogen exerts its effects by inhibiting the trophic production of cytokines, such as interleukins, by peripheral blood monocytes and resident bone marrow monocytes.  These cytokines are important in recruiting and activating osteoclasts in the bone marrow.  Hence, in the post menopausal female, the loss of estrogen results in excessive osteoclastic activity.  The degree of bone loss is greater in patients with less body fat, a site of peripheral steroid hormone synthesis.

Diagnosis  -  mainly X-ray, as all of the metabolic indices are normal.

Complications  -  fracture and its attendant complications in an elderly population e.g spinal injury, disability, immobility etc.

Treatment  -  Maintain an adequate bone mass prior to the menopause, by exercise, adequate diet, etc.  Avoid substances that activate osteoclasts, e.g nicotine.  When post menopausal, consider estrogen replacement, as this may inactivate the osteoclasts.  Calcium supplements may also be effective in slowing the rate of bone loss.

Osteomalacia and rickets
A disorder of mineralization of bone, due to a deficiency of active vitamin D.  In the mature skeleton, vit D deficiency results in osteomalacia; in the developing skeleton, it causes rickets.  In both disorders, the pathologic process results in an inadequately mineralized skeleton that has excess osteoid.

Epidemiology  -  now rare, however, it used to be a major public health problem and, in the turn of the century, it affected almost 50% of all children.  Causes include: 

1.  
Inadequate diet, or inadequate exposure to sunlight to metabolise vit D precursors.

2.  
Malabsorption  -  predominantly small bowel disease, as this is where most of the lipid soluble vitamins get absorbed.

3.  
Renal and liver parenchymal disease  -  inadequate activation of the precursor; due to diverse causes including renal tubular acidosis.

Clinical features
Bone pain, tenderness, difficultly in walking, the disease is often worse in the winter.  Stress fractures occur because of the weakened abnormal bone.

Radiology  -  Osteopenia, Looser's zones, abnormal shaped bones in rickets.

Pathology
Rickets  -  disorganization of the normal sequence of events at the physis results in misshapen bones with widened growth plates.  Also present are excess amounts of osteoid in the cortex, which weakens it and radiographically produces lucencies known as Looser's lines.  The disordered growth results in skeletal abnormalities in the growing child.  Looser's lines occur in the cortex of the scapula, ribs, pubic rami, proximal femora and ulnae.  Microscopically, the skeletal matrix in rickets and osteomalacia is present in the normal amount, but it has an excessive non mineralized component (osteoid), which results in mechanical weakness.  Biochemically, there is low plasma calcium and/or phosphorus and elevated alkaline phosphatase.  The low serum calcium explains the neuromuscular weakness.

Treatment  -  Vit D supplements and treat the underlying disorder.

Paget's disease   - 

A disorder resulting in abnormal bone remodelling, in which there is initially excessive osteoclastic activity, followed by excessive osteoblastic activity.  

Epidemiology  -  3-4% of the population over the age of 40, it increases with increasing age.  It has a predilection for people of northern European descent.  It is more common in males.  Etiology is unknown, although most of the circumstantial evidence suggests that it is of viral etiology  -  most likely a paromyxovirus, perhaps related to the canine distemper virus.  The disease may be polyostotic or monostotic.

Clinical features  -  Bone pain, skeletal deformity, fractures due to softened bone, cranial nerve deficits, congestive heart failure, sarcomas (a minority only).

Radiology  -  Enlarged bones in the end stage, initially lytic areas (osteoporosis circumscripta).

Pathology  -  Grossly, bones are enlarged, often bowed because they are soft, and may be fractured.  Microscopically, the classic end stage picture is of thickened bone trabeculae with prominent cement lines, reflecting excessive uncontrolled osteoblastic activity.  Biochemically, there is markedly elevated alkaline phosphatase, with normal serum calcium and excess urinary hydroxyproline.  

Treatment  -  Surgery, Calcitonin, biphosphonates.

Hyperparathyroidism
A metabolic and structural bone disease, due to excessive PTH production.  80% due to a solitary adenoma, 17% due to diffuse hyperplasia of all 4 glands, 3% due to a parathyroid carcinoma.

Epidemiology. 
Incidence  -  2\1000 in women over the age of 60 years.  This is dramatically higher in incidence than the older pathology and medicine literature suggests and is explained by the large number of asymptomatic patients that are now discovered by routine serum biochemistry screening, which includes a serum calcium measurement.  Historically, this disease was very severe, with patients dying with gross skeletal abnormalities, however, now many patients are asymptomatic, or only mildly symptomatic.  

Clinical features  -  Symptoms are based on either the elevated serum calcium, the structural complications of excess PTH on the bone, or the complications of chronic hypercalciuria.  Complications  -  important ones are renal stones, depression, pancreatitis, peptic ulcer disease, hypertension, chondrocalcinosis, fracture, rarely osteitis fibrosa cystica and brown tumor formation.

"stones moans and abdominal groans"
Radiology  -  X  - rays demonstrate profound osteopenia and subperiosteal resorption, which is the most useful finding, this seen in association with thinning of the cortex.  

Pathology  -  PTH induces increased osteoclastic resorption and decreased bone synthesis.  Serum PTH is elevated, Ca is elevated and phosphate is decreased.  Microscopically, there is evidence of excessive bone remodelling activity.  

Treatment  -  Remove the involved glands.

Secondary and tertiary hyperparathyroidism develop on a background of chronic renal failure.

Osteomyelitis
Most of the time this is due to bacterial infection, only rarely fungus or TB.

Epidemiology  -  A relatively common disease, predominantly affects children and young adults, more common in males.  Most of the time, the disease involves long bones (especially about the hip and knee), although any bone may be affected.

Etiology  -  Strep B and Hemophilus in infants, Staph aureus in older patients.  Most cases are hematogenous in nature, otherwise they are from direct extension, e.g following a penetrating injury or surgery.  

Clinical features  -  Systemic symptoms, including fever and malaise, as well as local symptoms, chiefly pain, tenderness and, in the late stage, swelling or a mass.

Pathogenesis  -  is related to the vascular anatomy of the long bones, which varies depending on the age of the patient, thus explaining the different localisation of the infection in the different age groups.  Infants develop epiphyseal/metaphyseal OM, children metaphyseal OM and adults epiphyseal OM.

Diagnosis  -  high clinical suspicion is very important, as the best time to treat the patient is in the early stage, when the findings are rather subtle.  X-ray is of limited diagnostic value initially, blood work, including ESR, is helpful, bone and blood culture is the best.

Complications  -  can be severe, including systemic infection, such as bacterial endocarditis, metastatic abscess, limb length discrepancy, chronic draining sinuses, amyloidosis, neoplasia.

Non suppurative osteomyelitis is rare, but like all aspects of TB it may be making a come back.  The histology is typical necrotizing granulomatous inflammation.

Bone infarcts and avascular necrosis.
Ischemic necrosis of bone occurs for the same reason as in any other tissue type, i.e. interruption in the supply of blood.  

Aseptic necrosis is traditionally applied to necrosis involving the epiphysis, whilst bone infarct is applied to medullary bone necrosis.

The femoral head is one of the most common locations for the development of osteonecrosis.  This is probably because of its limited collateral arterial blood supply and the fact that most of the arterial supply to this region is from vessels that access the bone via the hip joint capsule.  Fractures that occur within the hip joint, therefore, result in almost complete interruption in blood supply; the only intact vessel may be the artery within the ligament of the head of the femur.

Other conditions that predispose to AVN are:

sickle cell disease, steroid therapy (compression of the sinusoidal  spaces by hypertrophic fat cells), alcoholism,  Gaucher's disease, dysbaric conditions, collagen vascular disease, radiation.

A similar sequence of events can take place at a variety of other sites.

Symptoms  -  initially asymptomatic, unless from the fracture.  Ultimately, the development of secondary osteoarthritis produces pain and eventually joint breakdown.

Medullary bone infarcts are usually painless, are associated with the same predisposing events, however, they can be the site of subsequent secondary sarcoma development (rarely, although when the tumor develops in this condition the prognosis is very poor).

Fractures
Fractures occur whenever there is an acute discontinuity in bone.  Most are related to trauma of varying degree.  The events of fracture repair are a classic example of repair in a specialized tissue however bone has the additional capacity for complete self renewal despite almost total disruption, i.e.  bone does not heal with residual scarring, as opposed to many other organs.  The process of fracture repair in which new bone is formed is called fracture callus.  Pathologically, this can be confused with an osteosarcoma.  

Special types of fracture.

Stress fracture  -  incomplete/partial defect in the cortex or medullary canal of a bone  -  shin splints.

Pathological fracture  -  fracture through a structurally abnormal bone, i.e from tumor, infarct, or metabolic bone disease.

Healing of fractures requires immobilisation, lack of infection, reduction of displacements, adequate nutrition etc.  
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Skeletal dysplasias
These are conditions characterized by abnormal skeletal development.  The causes are usually unknown (although rarely specific enzymatic defects have been discovered), and the clinical and pathological features are varied.  The manifestations are, however, typical and reproducible and allow the description of several distinct clinical syndromes.

Fibrous dysplasia
A disorder in which bone structure is abnormal.  It can involve long or flat bones.  Instead of having normal marrow, the bones are replaced by fibroosseous tissue, in which the bone appears to form directly from the fibrous tissue.  Histologically, the bone is always woven and the fibrous tissue always cellular but benign.  Sarcomatous degeneration is very rare.

Incidence  - 1% of all biopsied bone tumors  -  85% are diagnosed prior to the age of 30.  The disease can be monostotic or polyostotic.  The latter is always associated with extraskeletal abnormalities.  Albright's syndrome is precocious puberty, polysostotic FD and pigmented skin lesions.  Monostotic disease is 20 times more common than the polyostotic variety.  

Radiologic findings  -  Extremely varied, but in general smooth expansion of the affected bone with a characteristic "ground glass" appearance to the bone.

Clinical presentation  -  varies from completely asymptomatic to severe skeletal deformity.  Pathologic fracture can be a presenting complaint.

Enchondromatosis (Ollier's disease)
A disorder in which bones that form from a cartilaginous model have multiple nodules of benign hyaline cartilage within them.  The disease is non heritable.  Its importance is that it is structurally deforming and is a premalignant condition with a high rate of sarcomatous degeneration in severely affected patients.

Incidence  -  rare, usually discovered in early adulthood, affects males greater than females.  Often the lesions have a predilection for one or other side of the skeleton.

Radiographic findings  -  multiple enchondromas  -  see the next section.

Clinical presentation  -  usually as a skeletal deformity, if change in size or pain develops then this is suspicious for chondrosarcomatous degeneration.  This occurs in 30-50% of patients.

Osteochondromatosis
Single osteochondroma is one of the most common non biopsied bone tumors discovered in 2% of people who have extensive skeletal X-rays.  Multiple OCEs are inherited as an autosomal dominant genetic disorder.  They most commonly occur about the knee joint.  

Incidence  -  rare (multiple bones).

Radiological findings  -  pedunculated bony protuberances that point away from the epiphyses of the affected bones.  The stalk of the osteochondroma is always associated with a defect in the underlying cortex of the bone.

Clinical features  -  Mechanical dysfunction, pain due to fracture of the stalk, very rarely chondrosarcomatous degeneration.

These lesions, whether single or multiple, are felt to arise from a herniation of the growth plate, laterally resulting in displacement of a group of actively proliferating cartilage cells, which ultimately results in a mushroom-shaped tumor.

Osteogenesis imperfecta and osteopetrosis are rare heritable bone dysplasias, in which enzyme defects in the normal sequence of bone remodelling are deficient, resulting in abnormal bone formation.  The clinical features depend on the severity of involvement and range from intrauterine death to relative normality.

Bone tumors.
Bone tumors are relatively rare, compared to tumors of other organs.  Benign and malignant primary tumors of bone occur at the same frequency, however, they have distinctly different age distributions - like many other tumors benign are more common in early life, malignant as age rises.  

The most common malignant bone tumors by far are metastases, 35 times more common than primary malignant bone tumors, in fact.  The most common primary bone tumor is multiple myeloma, although some pathologists and clinicians consider that a "plasma cell neoplasm" should not be included in the category of primary bone tumors.  The tumors that commonly metastasize to bone include carcinomas of breast, lung, prostate, kidney and thyroid.

In the evaluation of any bone tumor, 3 things are vital in the investigation that will help in establishing a diagnosis:

1.  
Age and sex of the patient.

2.  
Site of the skeleton affected.

3.  
The radiographic appearance - the importance here is whether the lesion is single or multiple, mineralized or non mineralized, confined to the bone or not and whether or not there are well defined or poorly defined margins.  These are extremely important points.

Plasma cell neoplasms
Definition  -  A neoplasm of plasma cells; these are obviously non matrix producing tumors.

Incidence  -  The commonest of all primary bone tumors.   35% of all biopsied bone tumors and 1% of all malignancies.  This is a disease of late adulthood, mean age of patients is 62.  Male: female = 2:1.

Location  -  Any bone may be involved, although in general flat bones, and especially the skull, are affected more often than long bones.  

Clinical features  -  anemia, renal insufficiency, bleeding diathesis, pain, generalized osteopenia pathologic fracture.

Radiologic features  -  Lytic lesion, with or without soft tissue extension.

Pathology  -  Sheets of plasma cells of varying maturity.  The tumor cells may appear completely normal, or highly anaplastic.  The neoplastic plasma cells manufacture immunoglobulin, which results in a massive elevation of serum protein.

Prognosis  -  Chemotherapy for disseminated disease, local radiation therapy for monostotic involvement.  Prognosis is worse for the disseminated form.  70% of patients with localized osseous plasmacytoma go on to develop multiple myeloma.

Osteosarcoma
Definition  -  A malignant tumor that produces neoplastic bone or osteoid.

Incidence  -  20% of all malignant bone tumors.  In BC, malignant bone tumors occur at an incidence of 1/100,000 of the population per year.  If we exclude the hematological malignancies then b of these tumors are osteosarcomas and 60% involve males.

Location  -  most common in the long bones about the knee joint.

Clinical features  -  Pain, swelling, pathologic fracture.

Radiologic features  -  blastic, poorly circumscribed, soft tissue mass, periosteal new bone formation.

Pathogenesis  -  most of the time it is unknown, however some patients are predisposed, e.g.  patients who have had retinoblastoma (? association with p53 and RB tumor suppressor genes), prior irradiation, Paget's disease and bone infarcts.

Pathology  -  Many types exist and these have been classified, depending on the histologic features, the anatomic location, or the gross appearance.  Most osteosarcomas are high grade malignancies and exhibit the typical pathologic features of aggressive tumors.

Treatment  -  Currently, patients are treated by preoperative chemotherapy and subsequent surgery, followed by several more cycles of post operative cytotoxic chemotherapy.  Most patients are managed surgically by limb saving techniques and therefore amputations are only rarely performed for osteosarcoma at the present time.

Prognosis  -  70% 5 year survival with pre and post operative chemotherapy.  The rationale for chemotherapy in the treatment of these patients is that, historically, even when no metastases were detected at presentation, 90% of patients died of metastatic disease following wide resection with negative surgical resection margins.   Hence, the chemotherapy is treating the micrometastases. even if they are not detectable.   Note: the 5 year survival in osteosarcoma has changed from 10% to 70% since the advent of chemotherapy.

Osteoid osteoma
Definition  -  A benign tumor that produces neoplastic bone or osteoid.

Incidence 3% of bone tumors, mainly affects children and young adults.

Location  -  Metaphyses of long bones and the posterior elements of vertebral bodies.

Radiologic features  -  circumscribed, a lytic centre with a densely sclerotic margin.  

Clinical features  -  pain, worse at night relieved by aspirin.

Pathology  -  Sheets and intersecting trabeculae of woven bone associated with benign appearing osteoblasts.  "Osteoblastic rimming", a feature of benign bone formation is well developed in these tumors.

Treatment  -  excision, some can be managed conservatively.

Chondrosarcoma
Definition  -  a malignant tumor that produces neoplastic cartilage and that does not manufacture neoplastic bone.  

Incidence  -  10% of primary malignant bone tumors.  These tumors affect a much older age group than osteosarcomas, and the location of the tumors tends to favour the axial skeleton as opposed to the appendicular skeleton for osteosarcoma.

Clinical features  -  usually presents with pain rarely as a mass.

Radiologic features  -  often mineralized tumor that expands the bone and may be associated with a soft tissue mass.  

Pathology  -  atypical cartilage cells embedded in neoplastic cartilage matrix that can vary from hyaline to myxoid.  

Treatment  -  Chondrosarcomas, in contrast to osteosarcomas, are managed principally surgically.  Because these tumors tend to be much less proliferative than osteosarcomas, cytotoxic chemotherapy, which works by interfering with the most rapidly dividing cells, has no role.

Prognosis  -  much better than osteosarcoma.  Metastases in only 30% of the cases, which are histologically high grade.

Enchondroma
Definition  -  a benign tumor that produces neoplastic cartilage.  

Incidence  -  3% of biopsied bone tumors, predominantly affects adults in the 4th and 5th decades.  These tumors have a high incidence in the small tubular bones of the hands.  

Clinical features  -  most are asymptomatic and are discovered incidentally, if a radiographically typical cartilage tumor presents with symptoms of pain, then there must be a high index of suspicion for malignancy.

Radiographic features  -  intramedullary frequently mineralized, does not produce a soft tissue mass.

Pathology  - Benign hyaline cartilage, which is often calcified.

Treatment  - Observation is fine in most cases, those in which the diagnosis is in doubt are treated by incisional biopsy and curettage.  
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Joint disorders
These will be discussed under 2 headings - inflammatory disorders and neoplasia, the latter are rare, whilst the former are extremely common.

Types of joints
1.  
Synovial.

2. 
Fibrous.

3.  
Cartilaginous.

Synovial joints are the most important of the group, as they are the site of the most important diseases.  

Definition  -  A synovial joint occurs where 2 bones meet, and the ends of the bones are covered by hyaline articular cartilage.  The region of the articulation is enclosed by a fibrous membrane (the joint capsule) and the non articulating ends of the bone and any other structures that lie within the joint space are lined by synovium (a specialized membrane whose function is to secrete synovial fluid, the lubricating medium of the synovial joint).  The function of the synovial joint is to provide a mechanism that allows skeletal mobility and weight bearing.

The 2 most important parts of a synovial joint are the articular cartilage and the synovial membrane.

Articular cartilage: Structurally, this is composed of cells and extracellular matrix.  The cells are relatively few in number.  The extracellular matrix is predominantly water, the remainder is collagen (type II) and proteoglycans.   The proteoglycan acts as a water binder in the cartilage, whilst the collagen, particularly at the surface, acts as a semipermeable membrane to keep the water in place.  In many ways, the structure and function of the hyaline articular cartilage is analogous to a car tire.  The condensed layer of collagen at the surface of the cartilage is the rubber tread of the tire and the proteoglycan/water rich matrix of the body of the cartilage is the air within the tire.  Damage to either part, the rubber tread (a puncture), or loss of air pressure, results in failure of the system and a pretty rough ride.  The analogy holds true in osteoarthritis as well, and the pain and limitation of movement, that are the hallmarks of the disease, are due to loss of function of the hyaline articular cartilage (the rough ride).

Arthritis  -  2 Types, Inflammatory and non inflammatory
Non inflammatory.

Osteoarthritis  - divided into primary and secondary.

Primary  -  an extremely common disorder, generally becomes more frequent with advancing age and is present in up to 85% of people over the age of 70.

Etiology  -  unknown, however the most likely event is some sort of mechanical injury to the hyaline cartilage, resulting in its dysfunction.  A probable site of the injury is at the level of the superficial condensed collagen layer (the rubber tread using the above analogy).  If this membrane is abnormal, then the mechanical arrangement of the proteoglycans and collagen in the deeper parts of the cartilage will be upset.  The cartilage's ability to retain water and maintain its tensile strength is lost (as in a puncture) and excessive stress forces act on the matrix.  This produces cracking and fibrillation of the cartilage and therefore an irregular articulating surface.  This sets up a vicious circle that eventually results in complete cartilage destruction and erosion.  Although the primary event in OA is a mechanical one, the destruction of the articular cartilage is at least partially mediated by enzymatic degradation of the collagenous and proteoglycan matrix.  The cells that manufacture these enzymes are probably the chondrocytes themselves.  In addition, the chondrocytes metabolism is disturbed and they manufacture type I instead of type II collagen.   -  

Radiology  -  The cardinal findings are loss of joint space, subchondral sclerosis, and subchondral cyst formation.

Pathology  -  Damage to the articular cartilage results in cracking, fibrillation and complete erosion of the hyaline articular cartilage.  The subchondral bone plate becomes the new articulating surface and it typically develops a smooth shiny ivory like appearance that is termed "eburnation".

Secondary  - 

OA, that occurs following any number of mechanical insults to joint e.g trauma, neurological disorders, metabolic disorders, avascular necrosis etc.

Basically, once any mechanical irregularity develops, then the stage is set for continuous degradation and destruction of the cartilage.

The secondary osteoarthritides are the disorders in which the injury resulting in cartilage breakdown is known.  

Inflammatory arthritis
A Rheumatoid arthritis  -  A multisystem chronic relapsing inflammatory disorder of unknown cause.  It produces a severe destructive chronic synovitis.

Incidence  -  1% of the worlds population.  F:M 3:1 most common in the 3rd to 4th decade.  Major association with HLA DR4.

Etiology and pathogenesis  -  80% have a circulating autoantibody called rheumatoid factor.  This is an IgM immunoglobulin directed against IgG.  The resulting combination forms immune complexes that are deposited within and outside of joints and result in the activation of the complement system.  Although much of the inflammation is humeral, cell mediated immunity also plays a large role in the inflammation of RA.  What initiates the inflammatory process is not known, however, theories, such as EBV infection or abherant clones of autoreactive lymphocytes, have been proposed.

Mediators of joint destruction  -  lymphocytes, monocytes, neutrophils, synovial cells and chondrocytes all manufacture a variety of enzymes and inflammatory chemotactic substances that result in cartilage breakdown similar to that in OA.  The major difference between the 2 disorders, however ,is that the synovium is the major site of the inflammatory process and that it actively resorbs articular cartilage and bone.  

Radiology  -  The classic features are loss of the joint space, osteoporosis, and subluxation of joints.  RA causes a bilateral and symmetric destruction that typically affects the small joints the greatest and then produces similar destruction of large joints, such as the hips and knees.

Pathology  -  The diagnostic changes are seen in the synovium.  Lymphoid aggregates with germinal centres, sheets and collections of plasma cells, exudates of neutrophils and areas of synovial ulceration are all seen.  Occasionally, rheumatoid nodules which are pallisading granulomas, surrounding areas of necrotic tissue, are found within the synovium.  The inflammatory mass that erodes the cartilage in RA is termed "pannus".

Extra articular manifestations of RA.
Chronic anemia, Splenomegaly, lymphadenopathy and pancytopenia (Feltys syndrome), subcutaneous rheumatoid nodules, pulmonary fibrosis.

The Serological test for rheumatoid factor is not specific and RF is seen with increasing frequency in advanced age, however at least 80% of patients with typical RA are RF +ve and those with active disease have higher counts.
B Seronegative arthritides
A group of inflammatory arthritides, in which RF is usually normal.  They have many clinical findings in common with RA, although in general the degree of inflammation and destruction of the synovial joints is less than in RA and these disorders also are associated with an inflammatory destruction of fibrous and cartilaginous joints.  Several clinical syndromes have been described.

Anklosing spondylitis  -  

Young males in the 3rd decade.  Inflammatory arthritis, resulting in ankylosis, involves the spine and sacro-iliac joints.  Clinical presentation is with pain stiffness and significantly decreased range of motion of the spine.  There is a strong association with HLA B27.

Other examples in this group include psoriatic arthritis, Reiter's disease, arthropathies associated with inflammatory bowel disease, and juvenile chronic arthritis.

C Metabolic arthritis:  -  

Arthritides due to the deposition of inorganic crystals within the synovial membrane.  In each of these disorders, the inflammatory process is initiated when the crystals are ingested by neutrophils and monocytes which mediate the inflammatory reaction on the cellular and humeral level.

Gout  - 

A disorder characterized by hyperuricemia, recurrent attacks of arthritis, asymptomatic periods, and eventually the development of deposits of uric acid crystals in the soft tissues (tophaceous gout).  

For gout to develop, there must be hyperuricemia, however, not all patients with hyperuricemia develop gout (in fact less than 10% of hyperuricemic patients develop it)

Incidence  -  <1% of the population.  Males>females.  predominantly adults.

Pathogenesis  -  one of the following:

  - overproduction of uric acid with normal or increased urinary secretion.

  - normal production with decreased urinary secretion.

Primary gout is when the cause is not known, secondary when it is due to a known enzymatic defect or other disease, such as renal failure.  Primary is 90% secondary 10%.  Some of the enzymes involved in the purine metabolism that can cause gout are HGPRT and others.

Acute gouty arthritis is usually monarticular, often affecting the great toe and frequently is preceded by stress of some sort.

Chronic gouty arthritis develops in 10% of patients and results in tophi deposition in synovium, articular cartilage, as well as many extraarticular locations e.g skin of the peri aural region and within the bone.

Pseudogout
A group of clinical disorders in which either calcium pyrophosphate or calcium hydroxyapatite deposition occurs, resulting in acute episodes of arthropathy and often secondary osteoarthritis.  The OA develops due to the crystal deposition in the articular cartilage.

D Infectious arthritis
Usually a disorder of adult life and frequently in immunosuppressed patients.  Generally, a bacterial process.  H. influenza, and gram negative bacteria.  Gonococcal arthritis occurs in sexually active young individuals more commonly in females.  Mainly large joints are involved eg hip, knee,  elbow etc.

Lyme disease can cause a chronic polyarthritis that resembles rheumatoid arthritis clinically and pathologically.

Both types of infective arthritis can result in secondary OA if not treated adequately.  
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