Pathology II 

Test 2 Review

Dr. Sander’s

*indicates what was on the exam

Bone

-Type of C.T.

-Normally mineralize

-Defined blend of organic matrix (35%) & inorganic elements (65%)*

-Vital role in mineral homeostasis 

-House the hematopoietic elements 

-Provide mechanical support for movement and protection 

-Determine the attributes of body size and shape.

-99% of the body’s calcium 

-80% of the body’s phosphorus, 

-65% of the body’s sodium and magnesium

Organic component & inorganic component of bone

-OC:    Type I collagen (90%)*

-IOC:  Calcium hydroyapatite = hardness & strength*

-Rate of mineralization:  12-15 day lag time between the formation of the matrix & its mineralization

Osteoid

-Bone that is unmineralized*

Osteoprogenitor cells

-The bone-forming cells *

-Pluripotential mesenchymal stem cells that are located in the vicinity of all bony surfaces when appropriately stimulated, 

       they proliferate and differentiate into osteoblasts.

Osteoblasts

-Located on surface of bone

-Synthesize, transport, and arrange the many proteins of matrix 

-Initiate the process of mineralization

-Receptors :parathyroid hormone, vitamin D, Estrogen,cytokines, growth factors* 

-These regulate differentiation, growth, and metabolism of bone cells 

-Once osteoblasts become surrounded by matrix, they are known as osteocytes.

*Osteocytes
- Most numerous bone forming cell 

-Not as metabolically active as osteoblasts,* but they play an important role in the control of the daily fluctuations in serum 

       calcium and phosphorus levels.

-Communicate with surface cells and other osteocytes via an intricate network of tunnels through the matrix known as 

       canaliculi 

-Have the capacity to detect mechanical forces and translate them into biological activity : release of chemical mediators.

Osteoclasts

-The bone resorptive cells 

-Derived from a granulocyte-monocyte precursor cell located in the hematopoietic marrow. 

-Is multinucleated (6 to 12 nuclei)* and is intimately related to the bone surface.

-The scalloped resorption pits they produce and frequently reside in are known as Howship’s lacunae* 

-The portion of the osteoclast cell membrane overlying the resorption surface is modified by numerous villous extensions, 

      known as the ruffled border, which serve to increase the membrane surface area.

            -The plasmalemma bordering this region is specialized and forms a seal with the underlying bone, preventing 

              leakage of digestion products. 

           -This self-contained extracellular space is analogous to a secondary lysosome, and the osteoclast acidifies it with a 

              hydrogen pump system, which solubilizes the mineral.

-The osteoclast releases into this space a enzymes that help disassemble the matrix proteins into amino acids & liberate 

      & activate growth factors and other enzymes, such as collagenase, which have been previously deposited & bound to 

      the matrix by osteoblasts.

           -Thus as bone is broken down to its elemental units, substances are released that initiate its renewal.

*Bone Proteins

-The proteins of bone include type I collagen and a family of noncollagenous proteins that are derived mainly from  

      osteoblasts. 

Howship’s lacunae*

-The scalloped resorption pits osteoclasts produce and frequently reside in.

Type I collagen*

-Type I collagen forms the backbone of matrix and accounts for 90% of the organic component

Woven bone

-Osteoblasts deposit collagen in a random weave

-Seen in fetal skeleton* & formed at growth plates

-Adv are that it is produced quickly & it resists forces equally from all directions.

-The presence of woven bone in adults is always indicative of a pathologic state; however, it’s not dx of a particular 

      disease*

Lamellar bone

-Osteoblasts deposit collagen in an orderly, layered manner*

-Gradually replaces woven bone during growth, is deposited much more slowly & is stronger than woven bone.

Osteocalcin

Bone Proteins

     -The noncollagenous proteins of bone are bound to the matrix and grouped according to their function.  These include:


1)    Collagen (Type I)

2) Adhesion proteins (osteopontin, fibronectin, thrombospondin)  

3) Calcium-binding proteins (osteonectin, bone sialoprotein)

4) Mineralization proteins (osteocalcin),

5) Enzymes (collagenase, alkaline phosphatase)

6) Cytokines (prostaglandins, IL-1, IL-6) 

7) Growth factors (IGF-1, TGF-beta, PDGF)

-The cytokines and growth factors control bone & cell proliferation, maturation, and metabolism

-Important in translating mechanical and metabolic signals into local bone cell activity and eventual 

   skeletal adaptation

-Of these only osteocalcin is unique to bone. 

-It is measurable in the serum and used as a sensitive, specific marker for osteoblast activity*

“Basic multicellular unit of bone”

-Osteoblasts and osteoclasts act in coordination and are considered the functional unit of bone known as the “basic

     multicellular unit.”*

Modeling and Remodeling
-The processes of bone formation and resorption are tightly coupled, and their balance determines skeletal mass at any 

         point in time.

- As the skeleton grows and enlarges (modeling), bone formation predominates. 

-Once the skeleton has reached maturity, the breakdown and renewal of bone that constitutes skeletal maintenance is called

     remodeling.

- Peak bone mass is achieved in early adulthood, and at this stage approximately 5 to 10% of the skeleton is turned over or

     remodeled yearly : 

-The amount of bone formed and resorbed by the basic multicellular units is in equilibrium. 

-About the third decade, however, the amount of bone resorbed exceeds that which has been formed: there is a steady 

     decrement in skeletal mass.*

-In the formation and maintenance of the skeletal system, the osteoblast provides much of the local control because it not 

      only produces bone matrix, but also plays an important role in mediating osteoclast activity.

-*The primary stimulators of bone resorption, such as parathyroid hormone, parathyroid hormone–related protein,   

      interleukin-1, interleukin-6, and tumor necrosis factor-beta (TNF-b), have minimal or no direct effect on osteoclasts.

- The osteoblast has receptors for these substances, and once the osteoblast receives the appropriate signal, it releases a

     soluble mediator that induces osteoclast bone resorption.

-The cytokines and growth factors, especially transforming growth factor-beta (TGF-b), released from the matrix during

     digestion act as a feedback loop and trigger the formation and activation of osteoblasts to synthesize and deposit an 

      equivalent amount of new bone in the resportion pit.

Congenital malformations of bone

-Generally uncommon

      *Simple anomalies

      -Failure of development (congenital absence of a phalanx, rib, or clavicle) 

      -The formation of extra bones (supernumerary ribs)

      -The fusion of two adjacent digits (syndactylism) 

      -The development of long spider-like digits (arachnodactylism)

Arachnodactylism*

-The development of long spider-like digits

Syndactylism*

-The fusion of two adjacent digits

Craniorachischisis

-*Failure of closure of the spinal column & skull

-This defect produces a persistent opening thru which the meninges & CNS herniate to produce a meningomyelocele or 

       meningoenchephalocele.

Achondroplasia

-*The most common disease of the growth plate (osterchondrodysplasias)and is a major cause of dwarfism. 

-Characterized by impaired maturation of cartilage due to a reduction of chondrocyte proliferation.

-Shortened proximal extremities 

-A trunk of relatively normal length 

-An enlarged head with bulging forehead 

-Conspicuous depression of the root of the nose 

-The skeletal abnormalities are usually not associated with changes in longevity, intelligence, or reproductive status.

Osteogenesis Imperfecta

-*Disorders that are caused by deficiencies in the synthesis of type I collagen. 

-*“brittle bone” disease 

-Characterized by multiple fractures

-Although OI has prominent skeletal manifestations, other anatomic structures rich in type I collagen, such as joints, eyes, 

        ears, skin, and teeth, are affected as well

-The basic abnormality in all forms is “too little bone,” thus constituting a type of osteoporosis with marked cortical 

       thinning & attenuation of trabeculae.

-The genetic defects in OI reside in mutations in the genes that code for the alpha-1 and alpha-2 chains of the collagen

     molecule.

-Mutations resulting in the production of qualitatively normal collagen that is synthesized in decreased amounts are 

     associated with mild skeletal abnormalities. 

-More severe or lethal phenotypes result from genetic defects producing abnormal collagen molecules that cannot form the

     triple helix of collagen.

-Type II variant of OI is at one end of the spectrum and is uniformly fatal in-utero or during the perinatal period

-Type I variant permits a normal life span but with an increased number of fractures during childhood, which decrease in

     frequency after puberty.

Other findings 

-Blue sclerae caused by a decreased collagen content 

-Hearing loss related to both a sensorineural deficit and impeded conduction owing to abnormalities in the bones of the 

     middle and inner ear; dental imperfections (small, misshapen, and blue-yellow teeth) secondary to a deficiency in dentin

Mucopolysaccharidoses

-*A group of lysosomal storage diseases that are caused by deficiencies in the enzymes that degrade dermatan sulfate, 

     heparan sulfate, chondroitin sulfate, and keratan sulfate.

-These enzymes are mainly acid hydrolases. 

-Chondrocytes, play an important role in the metabolism of extracellular matrix mucopolysaccharides and therefore are 

     most severely affected.

-*The skeletal manifestations of the mucopolysaccharidoses result from abnormalities in hyaline cartilage. 

-These patients are frequently of short stature, have chest wall abnormalities, and have malformed bones.

Osteoporosis

-A reduction of bone mass & the assoc structural changes leading to incr. bone fragility

-General term denoting increased porosity of the skeleton resulting from a reduction in bone mass. 

-It may be localized to a certain bone or region, as in disuse osteoporosis of a limb, or may involve the entire skeleton, as a

     manifestation of a metabolic bone disease.

-May be primary or secondary 

-When the term osteoporosis is used in an unqualified manner, it usually refers to the common primary forms, senile and

     postmenopausal osteoporosis, in which the critical loss of bone mass makes the skeleton vulnerable to fractures

-Peak bone mass is achieved during young adulthood. 

        -*Determined largely by hereditary factors, physical activity, muscle strength, diet, & hormonal state

-Once maximal skeletal mass is attained, a small deficit accrues with every resorption and formation cycle because the

     remodeling sequence is not completely effective, thus the age-related bone loss, which may average 0.7% per year.

-*Both sexes are affected equally and whites more so than blacks. 

-Differences in the peak skeletal mass in males versus females and in blacks versus whites may partially explain why 

      certain populations are prone to develop this disorder.

Pathogenesis

-Not a single disorder, but group of disorders w/ a common morphologic expression:  decr in bone mass & density

-Total bone mass is important determinant of the risk of op.

     Age-related 

     -Osteoblasts have reduced reproductive and biosynthetic activity 

     -Reduced activity of growth factors, which are mitogenic to osteoprogenitor cells and stimulate osteoblastic synthetic 

          activity

     -Thus a skeleton populated by bone-forming cells that have a diminished capacity to make bone. 

     -This form of osteoporosis, also known as senile osteoporosis, is categorized as a “low turnover variant.” 

     -Reduced physical activity increases the rate of bone loss 

     -*Bone loss is 0.7%/yr

     -*Grtst losses in spine & femoral necks

     -Decr. in osteoblastic activity

     Hormone related 

     -Estrogen deficiency

     -The relationship between estrogen and bone mass is mediated by cytokines. It has been demonstrated that decreased

          estrogen levels result in increased secretion of interleukin-1 by blood monocytes.

     -Interleukin-1 is the most potent known stimulator of osteoclast recruitment and activity. 

     -Estrogen deficiency leads to decr synthesis of cytokines & growth factors that promote bone formation.  So estrogen 

         deficency may cause bone loss by incr. bone loss as well as by decr. bone synthesis.

     -Compensatory osteoblastic activity occurs, but it does not keep pace, leading to what is classified as a “high turnover” 

         form of osteoporosis.

     -Women may lose as much as 35% of their cortical bone and 50% of their trabecular bone within the 30 to 40 years after

             menopause 

     -*1 out of every 2 women suffers an osteoporotic fracture in contrast to 1 in 40 men

     Genetic Factors 

     -Peak Bone mass/density is critical 

     -Vit D receptor variants determine bone mass by reducing the bone forming effect of Vit D 

     Mechanical Factors 

     -Physical stress is important stimuli for remodeling 

     DietaryFactors 
     -Reduced calcium and Vit D intake, in adolescents may contribute to reduced peak skeletal mass

Clinical Course

-Early stages are asymptomatic

-The entire skeleton is affected in postmenopausal and senile osteoporosis and the clinical manifestations of structural 

    failure of the skeleton depend on which bones are involved. 

Recognition

-Osteoporosis cannot be reliably detected in plain radiographs until 30 to 40% of the bone mass is lost. 

-Blood levels of calcium, phosphorus, and alkaline phosphatase are not revealing in uncomplicated cases 

-Osteoporosis can be a difficult condition to diagnose accurately because 

1)    It remains asymptomatic until skeletal fragility is well advanced 

2)    It is only one of a group of osteopenic skeletal disorders characterized by “too little” bone, which can be 

           difficult to differentiate 

3) There is no easy, sensitive, and specific method to determine the degree of bone loss. 

Primary osteoporosis
   -Common condition.  

   -Affects more than 15 million ppl in U.S.

Secondary Osteoporosis

*Secondary osteoporosis is associated with conditions other than age or menopause.

Senile Osteoporosis

-The critical loss of bone mass makes the skeleton vulnerable to fractures

-A skeleton populated by bone-forming cells that have a diminished capacity to make bone.

-*Categorized as a “low turnover variant.”

Vertebral fractures associated w/ Osteoporosis

-*Frequently occur in the thoracic and lumbar regions, are potentially very painful. 

-Multiple level fractures can cause significant loss of height and various deformities, including lumbar lordosis and

     kyphoscoliosis.

-Femoral neck and wrist fractures are common. 

-Complications of overt fractures of the femoral neck, pelvis, or spine, such as pulmonary embolism and pneumonia, are

     frequent and result in 40,000 to 50,000 deaths per year, which is more than the combined mortality from carcinomas of 

      the breast and endometrium.

Osteopetrosis

-*A group of rare hereditary diseases that are characterized by osteoclast dysfunction, which results in diffuse symmetric

     skeletal sclerosis. 

-The term osteopetrosis was coined because of the stone-like quality of the bones; however, the bones are abnormally brittle

     and fracture “like a piece of chalk.” 
-Osteopetrosis, which is also known as marble bone disease and Albers-Schönberg disease

Albers-Schonbery disease

-Osteopetrosis, which is also known as marble bone disease and Albers-Schönberg disease

Paget’s Disease

-*Sir James Paget first described this condition in 1876, he attributed the skeletal changes to an inflammatory process, 

    hence the term “osteitis deformans”

-Current evidence strongly suggests that Paget’s disease is a slow virus infection caused by a paramyxovirus

-Paget’s: “collage of matrix madness”

-Paget’s is marked by regions of furious osteoclastic bone resorption followed by a period of hectic bone formation. 

-The net effect, as the bone cell activity quiets down, is a gain in bone mass, however, the newly formed bone is disordered                               

     and architecturally unsound

-This repetitive, overlapping sequence forms the basis of dividing Paget’s disease into: 

-Three Phases of Paget’s Disease

1) Primary (osteolytic) phase

2) Mixed osteoclastic-osteoblastic stage, which ends with a predominance of osteoblastic activity

3) Osteosclertic (woven bone)

-Under polarized light, the irregularities of the bony lamellae are apparent, with a "tile-like" or "mosaic" pattern.

-The histologic hallmark is the mosaic pattern of lamellar bone, which is likened to a jigsaw puzzle

Clinical Course of Paget’s

-Paget’s disease is usually not a serious or life-threatening disease in the absence of malignant transformation. 

    - Most patients have mild symptoms 

     -Occurs in one or more bones and is monostotic (tibia, ilium, femur, skull, vertebra, humerus) in about 15% of cases 

              polyostotic (pelvis, spine, skull) in the remainder

-*The axial skeleton or proximal femur is involved in up to 80% of cases

-Clinical findings are extremely variable and depend on the extent and site of the disease. Most cases are mild, do not cause

        symptoms, and are discovered as an incidental radiographic finding

-*Pain is the most common problem and is localized to the affected bone. 

-It is caused by a combination of microfractures and bone overgrowth that compresses spinal and cranial nerve roots

-Weight bearing causes anterior bowing of the femor and tibia and distorts the femoral heads, resulting in the  

        development of severe secondary osteoarthritis

-Chalkstick-type fractures are the next most common complication and usually occur in the long bones of the lower

     extremities. 

-Compression fractures of the spine result in spinal cord injury and the development of kyphoses

-A variety of tumors and tumor-like conditions develop in Pagetic bone. 

-The most dreaded complication is the development of sarcoma, which occurs in 5 to 10% of patients with severe

     polyostotic disease

Osteitis Deformans

-*Aka Paget’s Disease: cuz it was thought to be infl. condition

Rickets

-Characterized by a defect in matrix mineralization, most often related to a lack of vitamin D or some disturbance in its 

       metabolism. 
-*Refers to the disorder in children in which deranged bone growth produces distinctive skeletal deformities

Osteomalacia

-Characterized by a defect in matrix mineralization, most often related to a lack of vitamin D or some disturbance in its 

       metabolism.  Often in the developing bones of kids.
-Bone that forms during the remodeling process is undermineralized.  This results in osteopenia and predisposition to 

        insufficiency fractures.

-*Represents defective mineralization of bone that has completed it normal development

*Hyperparathyroidism 

-The skeletal manifestations of hyperparathyroidism are caused by unabated osteoclastic bone resorption

-Parathyroid hormone (PTH) controls plasma calcium levels

     When calcium levels drop, PTH levels rise. 

     When calcium levels rise, PTH levels fall.

-PTH controls Calcium by

     -Augments GI absorption of Ca 

     -Increases Phosphate excretion, lowering serum Phosphate levels, promoting increased Ca levels 

     -Increases conversion of inactive VitD to active VitD 

    - Increases renal reabsorption of Ca 

     -*Stimulates osteoclasts (indirectly)

-Classified into primary and secondary 

        -Primary results from autonomous hyperplasia or a tumor, usually an adenoma, of the parathyroid gland, 

        -Secondary is commonly caused by prolonged states of hypocalcemia resulting in compensatory hypersecretion of

            parathyroid hormone

-*The increased parathyroid hormone levels are detected by receptors on osteoblasts, which then initiate the release of

     mediators that stimulate osteoclast activity

-The entire skeleton is affected in hyperparathyroidism, even though some sites are more severely affected than others. 

-*The anatomic changes of severe hyperparathyroidism known as osteitis fibrosa cystica  

-The decrease in bone mass predisposes to fractures, deformities caused by the stress of weight bearing, and joint pain and

     dysfunction 

Osteitis fribrosa cystica

-*The anatomic changes of severe hyperparathyroidism

-Aka Recklinghausen’s disease of bone

Recklinghausen’s disease of bone

-The anatomic changes of severe hyperparathyroidism

Renal osteodystrophy

-*The skeletal changes of chronic renal disease 

     1. increased osteoclastic bone resorption mimicking osteitis fibrosa cystica, 

     2. delayed matrix mineralization (osteomalacia), 

     3. osteosclerosis, 

     4. growth retardation 

     5. osteoporosis

-Chronic renal failure results in phosphate retention and hyperphosphatemia.

-Hyperphosphatemia causes hypocalcemia*.

     1)  Decreased conversion 25-(OH)-D3 to 1,25-(OH)2-D3 by damaged and shrunken kidneys; 

     2)  Inhibition by high phosphorus of the renal hydroxylase involved in 25-(OH)-D3 to 1,25-(OH)2-D3

     3)  Reduced intestinal absorption of calcium because of low levels of 1,25-(OH)2-D3

-Hypocalcemia causes secondary hyperparathyroidism, which produces increased osteoclast activity

-Renal failure and low levels of 1,25-(OH)2-D3 render bone more unresponsive to parathyroid hormone, and thus the

     parathyroids are stimulated to increased activity to maintain serum calcium levels

-Decreased degradation and excretion of parathyroid hormone occur because of compromised renal function

-Metabolic acidosis, from renal failure, stimulates bone resorption and release of hydroxyapatite from the matrix

-High-turnover osteodystrophy: increased bone resorption

-Low-turnover osteodystrophy: decreased rate of mineralization and formation

*Fractures
-Fractures are classified as Complete or Incomplete (greenstick)

-Closed (simple) when the overlying tissue is intact 

-Compound when the fracture site communicates with the skin surface.

-Comminuted when the bone is splintered 

-Displaced when the ends of the bone at the fractures site are not aligned

Pathologic fractures

-If the break occurs in bone already altered by a disease process

Incomplete fracture

-Greenstick

Closed fracture

(simple) when the overlying tissue is intact

Osteonecrosis

*Couldn’t find in slides or book.  Assumption:  Death of bone cells.

Osteomyelitis

-Complication of any systemic infection

-Frequently seen in the skeleton as a primary solitary focus of disease

-*Means inflammation of bone & marrow, but virtually always implies infection

-All types of organisms can cause, but infections caused by certain pyogenic bacteria & mycobacteria are most common 

-*Pyogenic Osteomyelitis: caused by bacteria, virtually every known organism has been involved, but  Staphylococcus 

         aureus is responsible for 80-90% of the cases in which an organism is recovered. (E.coli & group B Strep in acute  

         osetomyelitis in neonates; Salmonella responsible for om in pts w/ Sickle Cell Disease)

     -But in 50% of cases, no organisms can be isolated

     -Organisms may reach the bone by 1) hematogenous spread  2) extension from a contiguous site  3) direct implantation

     -*Most are hematogenous in origin & develop in the long bones or vert bodies

     -*Hematogenous osteomyelitis may manifest as an acute systemic illness w/ malaise, fever, chills, leukocytosis, & 

            marked-to-intense throbbing pain of the affected region.

        -The presentation may be more subtle, w/ unexplained fever, esp. in infants; or, conversely, only localized pain in 

            the absence of fever in adults.

     -Dx: x-ray findings of a lytic focus of bone destruction surrounded by a zone of sclerosis.

              In many untreated patients, blood cultures are positive

     -Acute flair-ups may mark the clinical course of chronic infection; they can occur years after dormancy, usually 

         spontaneous, and have no obvious cause. 

     -Complications incl pathogenic fracture, secondary amyloidosis, endocarditis, sepsis, the dev of squamous cell 

         carcimona in the sinus tract, & rarely sarcoma in the affected bone.

-Tuberculous Osteomyelitis
     -*A recurrance in industrialized nations, attributed to influx of immigrants from underdeveloped countries & grtr #s of 

          immunosuppressed ppl

     -1-3% of pts w/ pulmonary or extrapulmonary tuberculosis have osseous infection

     -Organisms are usu blood borne & originate from a focus of active visceral disease

     -The bony infection is usu solitary & in some cases may be the only manifestation of tuberculosis

     -*The Thoracic & Lumbar vert is the most common site, followed by the knees & hips

     -Tends to be more destructive & resistant to control than pyogenic osteomyelitis.

Pott’s disease

-Form of Tuberculous osteomyelitis; tuberculosis of the verterbral bodies.

-In the spine (Pott’s disease), the infection breaks thru intervertebral discs to involve multiple vert & extends into the soft 

   tissues forming abscesses; “cold abscess” in psoas muscle

Osteosarcoma

-*Most common primary cancer of bone…30% (excluding malignant neoplasms of marrow origin: myeloma, lymphoma, & 

        leukemia)  This is followed by chondrosarcoma & Ewing’s sarcoma.

Benign bone tumors

-Osteochondromas & fibrous cortical defects are the most numerous.

-*The precise incidence not known, cuz biopsy not done on benign tumors, but they outnumber malignant by at least 

        several hundredfold.

-*Have grtst frequency w/in the first 3 decades of life, whereas in elderly a bone tumor is likely to be malignant.

-Asymptomatic & are detected incidentally

Malignant bone tumors

-*Primary sites for bone metastases are prostate, breast, lung, kidney, GI tract, thyroid.

-Infrequent

-*Occur at all ages & may arise in any part of the body; however, certain types of tumors target particular age grps & 

      anatomic sites…this will help w/ dx.  Ex:  most osteogenic sarcomas occur in adolescents around the knee jt.

Osteomas

-*Slow-growing benign tumors of little clinical signif except when they cause obstruction of a sinus cavity, impinge on the 

      brain or eye, interfere w/ function of the oral cavity, or produce cosmetic problems.

-*Most common sites are head & neck

-*Do not transform into osteosarcoma

Osteoid osteomas

-Benign

-Less than 2 cm in grtst dimension

-Occur in the 2nd & 3rd decades of life (75% of pts are less than 25 yrs old)

-Males outnumber females 2:1

-Appendicular skeleton (50% of cases invlv femur or tibia)

-Painful: severe in relation to the small size of the lesion & is characteristically nocturnal & dramatically relieved by aspirin

         *Not on Sander’s word list is Osteoblastoma: 




             -Greater than 2 cm; 2nd & 3rd decade of life; involves spine, may not be painful & if 

      



   pain present, it’s dull, achy, difficult to localize & not very responsive to salicylates.

Osteosarcomas

-Hallmark is the formation of osteoid by malignant mesenchymal cells

-Most common primary malignant tumors of bone (myeloma/lymphoma accts for ~20% of primary bone cancers)

-*Bimodal age distribution, 75% occur in pts younger than 20

-Males more affected 

-*Arise in metaphyseal region of long bones of the extremities, & almost 60% occur about the knee.

-Painful, progressively enlarging masses, fracture of the bone may be the 1st symptom.  

-Aggressive spread thru bloodstream, w/ 20% of pts having pulomonary metastases.

Osteochondroma

-*Also known as Exostosis, is a benign, cartilage-capped outgrowth that is attached to the underlying skeleton by a bony  

    stalk. (Proliferation composed of mature bone & a cartilaginous cap)

-They tend to stop growing once the normal growth of skeleton is completed.

-Common lesion & can be solitary or multiple.

-*Solitary ones are usu 1st dx in late adolescence & early adulthood, but multiple ones become apparent during childhood.

-Males

-Usu arise form the metaphysis near the growth plate of long tubular bones.

-Present as slow-growing masses, can be painful if they impinge on a nerve of if the stalk is fractured.  In many caes, they 

          are detected as an incidental finding.

Exostosis

-*A benign, cartilage-capped outgrowth that is attached to the underlying skeleton by a bony stalk. (Proliferation composed 

       of mature bone & a cartilaginous cap)

Chondromas

-Benign tumors of hyaline cartilage.

-May arise w/in the medullary cavity, enchondromas, or on the surface of bone subperiosteal, justacortical chondromas.

-Most common of the intraosseous cartilage tumors

-Occur equally in both sexes

-Most freq 3rd to 5th decades of life

-Favored sites are the short tubular bones of the hands & feet

-Syndrome of multiple enchondromas or endhondromatosis is known as Ollier’s disease.

-Enchondromatosis is assoc w/ soft tissue hemangiomas, the disorder is called Maffucci’s syndrome
-Asymptomatic & are detected as in incidental finding

Ollier’s disease

-Syndrome of multiple enchondromas or enchondromatosis.

-* (book) Characterized by multiple chrondromas preferentially involving one side of the body.

Maffucci’s syndrome

-Enchondromatosis is associated w/ soft tissue hemangiomas,

- *(book) Multiple chondromas assoc. w/ benign vascular tumors of the soft tissues.

Chrondrosarcoma

-(book) Malignant neoplasms populated by mesenchymal cells that produce a cartilaginous matrix.

-Production of neoplastic cartilage

-Half as freq as osteosarcoma & the 2nd most common malignant matrix-producing tumor of bone

-Pts usually 40-60 yrs old

-Males 2xs as females

-Arise in the central portion of the skeleton, including the pelvis, shoulder & ribs

-Direct correlation between the grade and the biologic behavior, 70% grade 3 tumors disseminate

-Usually present as painful, progressively enlarging masses

Fibrous Dysplasia

-(book) Uncommon, benign, tumor-like lesion of bone

-Tumor-like lesion of bone characterized as a localized developmental arrest;  all of the components of normal bone are

   present, but they do not differentiate into their mature structures.

-3 clinical patterns:

1) Involvement of a single bone (70% , monostatic)

2) Involvement of multiple bones (27% , polyostotic)

3) Polyostotic disease assoc w/ café-au-lait skin pigmentations & endocrine abnormalities (3%)

-Monostotic

     -Accounts for 70% of cases

     -Occurs equally in males & females

     -Occurs usually in early adolescence, & often stops growing at the time of growth plate closure

     -Ribs, femur, tibia, jaw bones, calvarium, & humerus are most commonly affected in desc order of freq

     -Usually asymptomatic & discovered incidentally

     -Can cause marked enlargement & distortion of bone, so if the craniofacial skeleton is involved, disfigurement occurs

     -Does not evolve into the polyostotic form

-Polyostotic

     -Accounts for 27% of cases

     -Appears at a slightly earlier age than monostotic type & may con’t to cause probs in adulthood

     -Femur, skull, tibia, humerus, ribs, fibula, radius, ulna, mandible, & vertebrae are affected

     -Craniofacial involvement is present in 50% of pts who have a moderate # of bones affected & in 100% of pts w/

         extensive skeletal disease

     -A propensity to invlv the shoulder & pelvic girdles, resulting in severe, sometimes crippling deformities; spontaneous,

         often recurrent fractures.

-Polyostotic disease assoc. w/ endocrine abnormalities
     -Assoc w/ café-au-lait skin pigmentation & endocrinopathies is known as the McCune-Albright syndrome
     -Sexual precocity, hyperthyroidism, pituitary adenomas that secrete growth hormone & primary adrenal hyperplasia w/

           Cushing’s syndrome

     -More common in females

     -The bone lesions are often unilateral, & the skin pigmentation is usu limited to the same side of the body.

Ewing’s sarcoma

-Primitive malignant neuroectodermal tumor of bone & soft tissues that occurs predominatly in kids & adolescence.

-*Most pts are 10-15 yrs old, & ~80% are younger than 20 yrs

-*Males slightly more than females

-*Whites; blacks rarely affected

-*Usually arises in the disphysis of long tubular bones, especially the femur & the flat bones of the pelvis.

-*Presents as a painful enlarging mass, & the affected site is freq tender, warm & swollen

-Some pts have systemic findings, incl fever, elevated sedimentation rate, anemia, & leukocytosis, which mimic infection

-Translocation involving E.S. gene @ 22q12.

Osteoclastoma

-*Giant cell disease

-*4% move to the lung

Osteoarthritis

-Osteoarthritis (OA), also called degenerative joint disease (DJD), is the most common type of joint disease

-*Characterized by the progressive erosion of articular cartilage

-OA implies a role for inflammation in its pathogenesis; however, inflammatory cells are usually not prominent and are a

     secondary phenomenon

-A disease of cartilage, in which intrinsic biochemical and metabolic alterations result in its breakdown

-Appears insidiously, without apparent initiating cause, as an aging phenomenon (idiopathic or primary OA)

       -In these cases, the disease is usually oligoarticular 

-Primary OA
     -Arises w/out obvious predisposing factors

-Secondary OA 

     -Appears in younger individuals having some predisposing condition, such as previous macrotraumatic/repeated 

          microtraumatic to a joint a congenital developmental deformity of a joint(s) underlying systemic disease :diabetes, 

          hemochromatosis, or marked obesity.

     -Knees and hands are more commonly affected in women & the hips in men.

     -The association between OA and aging is nonlinear; the prevalence increases exponentially beyond the age of 50

     -80 to 90% of individuals, of both sexes, have evidence of OA by the time they reach 65 years of age

 Pathogenesis

     -The age-related changes in cartilage include alterations in the proteoglycans and collagen, which decrease tensile    

         strength & shorten “fatigue life”

     -It is an oversimplification to consider OA as merely a disease of cartilage “wear and tear.” 

     -Chondrocytes play a primary role in the process & are the cellular basis of the disease

     -Chondrocytes produce interleukin-1 which is known to initiate matrix breakdown.

     - Secondary mediators such as prostaglandin derivatives, TNF-a, and TGF-b, induce the release of lytic enzymes from

          chondrocytes while inhibiting matrix synthesis

 Clinical Course
     -Pts are usually asymptomatic until they are in their 50s

     -If a young pt has significant manifestations of OA, a search for some underlying cause should be made

-Characteristic symptoms

     -Deep, achy pain that worsens with use; morning stiffness; crepitus; and limitation of range of movement

     -Impingement on spinal foramina by osteophytes results in cervical and lumbar nerve root compression with radicular 

          pain, muscle spasms, muscle atrophy, and neurologic deficits

     -Typically only one or a few joints are involved 

     -Joints commonly involved include the hips, knees, lower lumbar and cervical vertebrae, proximal and distal 

        interphalangeal joints of the fingers.

     -*In women in the fingers are “Heberden’s nodes” 

     -The wrists, elbows, and shoulders are usually spared

     -The disease may stabilize for years at any stage but more often is slowly progressive over the remaining years of life 

     -There are still no satisfactory means of preventing primary OA nor are there any methods of halting its progression

“Heberden’s nodes”

-Prominent small osteophytes at the distal interphalangeal joints.

-Most seen in women w/ primary osteoarithitis

Rheumatoid Arthritis

-*A chronic systemic inflammatory disorder that may affect many tissues & organs—skin, blood vessels, heart, lungs, and 

   muscles—but principally attacks the joints, producing a nonsuppurative proliferative synovitis that often progresses to 

   destruction of the articular cartilage & ankylosis of the jts.

-Cause remains unknown, but evidence that autoimmunity plays a major role in its chronicity & progression

-*1% is afflicted by RA

-*Women 3-5xs more often than men

-Peak incidence 20-40 yrs old

-The most severe alterations are manifested in the joints

-The inflamed and hyperemic synovium creeps over the articular surface forming a pannus and causes erosion of the

     underlying cartilage 

-In time, after the cartilage has been destroyed, the fibrocellular pannus bridges the apposing bones, forming a fibrous   

       ankylosis that eventually ossifies ultimately resulting in bony ankylosis.

-Ulnar deviation of the hands & “swan neck” deformity of the fingers is seen

Skin

-Rheumatoid nodules are the most common cutaneous manifestation

-They occur in approximately 25% of patients

-Nodules arise in regions that are subjected to pressure, including the ulnar aspect of the forearm, elbows, occiput, and

     lumbosacral area.

-Less commonly they form in the lungs, spleen, pericardium, myocardium, heart valves, aorta, and other viscera

-Sometimes have rheumatoid nodules form in subcutaneous locations at pressure points,such as the elbow. 

-Rheumatoid nodules may also appear viscerally, such as on the pleura of the lung.

Blood vessels

-Patients with severe erosive disease, rheumatoid nodules, and high titers of rheumatoid factor are at risk of developing

     vasculitic syndromes 

-Rheumatoid vasculitis is potentially catastrophic

-Frequently segments of small arteries resulting in peripheral neuropathy, ulcers, and gangrene

-In RA the kidneys are not involved

Pathogenesis

-It is currently believed that RA is triggered by exposure of an immunogenetically susceptible host to an arthritogenic 

    microbial antigen.

-An acute arthritis is initiated, but it is a continuing autoimmune reaction in which T cells play a central role with the local

     release of inflammatory mediators and lytic cytokines that ultimately destroy the joint.

1)  Genetic susceptibility 

2)  A primary exogenous arthritogen 

3)  An autoimmune reaction within synovial membranes 

4)  Mediators of the joint damage.

     Genetic susceptibility

      -The majority (65 to 80%) of individuals who develop RA are HLA-DR4 or DR1 . 

      -All the DR alleles associated with susceptibility to RA share a common region of four amino acids located in the

          antigen-binding cleft of the DR molecule adjacent to the T-cell receptor.

-?This is the specific binding site of the arthritogen(s) that initiates the inflammatory synovitis

     Exogenous arthritogen
      -??? the initiator of the disease is a microbial agent 

      -Epstein-Barr virus (EBV) retroviruses, parvoviruses mycobacteria.ect

      -*Autoimmunity to type II collagen can be demonstrated in most patients with RA.

      -EBV/type II collagen cross-reactive epitopes ?? , an immunologic reaction against EBV might therefore affect joint 

          cartilage rich in type II collagen.

     Autoimmune reaction
      -An autoimmune reaction of T cells is responsible for the chronic destructive nature of RA, once an inflammatory 

            synovitis has been initiated by an exogenous agent

      -CD4+ memory cells, appear within the affected joints early in the development of RA

      -CD4+ cells activate monocytes-macrophages ,promote the release of monokines ,activate B cells with antibody 

            production in affected joints.

      -About 80% of individuals with RA have autoantibodies(mostly IgM) to the Fc portion of autologous IgG (rheumatoid 

           factors)

      -CD4+ memory cells, appear within the affected joints early in the development of RA

      -These self-associate (RA-IgG) to form immune complexes in the sera, synovial fluid, and synovial membranes. These

           circulating immune complexes underlie many of the extra-articular manifestations of RA

      -Immune complexes are localized within the inflamed cartilage, activating complement and augmenting the synovial

           inflammatory reaction, and contributing to the degradation of cartilage.

      -Rheumatoid factor, however, is not present in some patients with the disease (seronegative). 

      -It is sometimes found in other disease states and even in otherwise healthy people; 10-15% have detectable levels of 

            RA, but you can be + for RA and not have it.  Can have + result w/ lupus, viral hepatitis, scleroderma. Thus these 

             immune complexes are probably not critical to the causation of RA

     Mediators of joint degeneration
      -Cytokines, including IL-1, IL-2, IL-3, IL-4, IL-6, IFN-g, GM-CSF, TGF-b, TNF-a, and TNF-b, proteases and elastases

      - TNF-a or IL-1 induces resorption of cartilage and bone by stimulating release of collagenases from synovial cells; 

      -Up-regulates expression of adhesion molecules such as ICAM-1, ELAM-1, and V-CAM by endothelial cells 

            favoring the accumulation of white cells in the inflamed synovium.

      -Inhibits synthesis of proteoglycans in cartilage.

      -Stimulates proliferation of fibroblasts via platelet-derived growth factor

     Clinical course

      -Extremely variable

      -*Disease begins slowly/insidiously in 1/2 of the patient: 

      -Symptoms include malaise, fatigue, and generalized musculoskeletal pain 

      -Only after several weeks to months do the joints become involved, sometimes monoarticular, at other times 

            oligoarticular, and in some instances polyarticular (usually symmetrically)

      -Involved joints are swollen, warm, painful, and particularly stiff on arising or following inactivity

      -10% have an acute onset, with severe symptoms and polyarticular involvement developing within a few days

      -The pattern of joint involvement varies, but generally the small joints are affected before the larger ones. 

      -Symptoms usually develop in the small joints of the hands (metacarpophalangeal and proximal interphalangeal joints) 

            and feet, followed by the wrists, ankles, elbows, and knees.

      -Destruction of tendons, ligaments, joint capsules produces characteristic deformities, including radial deviation of the 

            wrist, ulnar deviation of the fingers, and flexion-hyperextension abnormalities of the fingers (swan-neck)

     Dx
      -There are no specific laboratory tests diagnostic of RA and analysis of synovial fluid confirms an inflammatory 

            arthritis with its attendant changes but is nonspecific

      -*The diagnosis is made primarily on the clinical features.

      -The diagnosis requires the presence of four of the following:

1) Morning stiffness

2) Arthritis in 3 or more joint areas

3) Arthritis of hand joints

4) Symmetric arthritis

5) Rheumatoid nodules

6) Serum rheumatoid factor

7) Typical radiographic changes

     Natural History
      -Difficult to predict the course of the disease

      -Some have a mild onset and relatively short-term symptoms with no sequelae. 

      -Most, however, have progressive disease for life. 

      -The life expectancy is reduced by a mean of 3 to 7 years. 

      -The fatalities are usually due to complications of RA, such as systemic amyloidosis, and to iatrogenic effects of 

            therapy, e.g., gastrointestinal bleeding related to long-term use of aspirin and infections associated with long-term 

            steroid use.

Juvenile Rheumatoid Arthritis
-*Refers to chronic idiopathic arthritis that occurs in kids; begins before the age of 16,

-*Not a single disease, but heterogeneous group of disorders, most of which differ significantly form the adult form of RA

-Some involve large joints…knees, elbow, ankles…called pauciarticular types.   Rheumatoid factors (RF) which are 

    antibodies, are absent.

-Some are assoc. w/ HLA-B27, & their clinical features overlap w/ the spondyloarthropathies.

-*Uveitis may be present

-Variant called Still’s disease, has acute febrile onset & systemic manifestations, incl. leukocytosis, hepatosplenomegaly,

    lymphadenopathy, & skin rash.

-2:1 female except in the subgroup that has a systemic onset, in which the sexes are equally affected

-*Genetic susceptibility, abnormal immunoregulation, cytokine production, and viral infection joint pathology, including 

      the marked synovitis, is similar to the alterations in adult RA

-Development of symptoms, such as fatigue, joint stiffness, and limited range of motion, is generally slow and gradual. 

      joints are the knees, wrists, elbows, and ankles.

Clinical

-Systemic onset may begin rather abruptly, associated with high spiking fevers, migratory and transient skin rash,

     hepatosplenomegaly

-Satisfactory recovery occurs in 70 to 90% of patients, and in only 10% severe joint deformities persist

Ankylosing spondyloarthritis

*Not actually defined.  If look in book, it’s under spondyloarthropathies.

-Pathologic changes that begin in the ligmentous attachments to bone rather than in synovium

-*Frequently involves SI jonts along w/ peripheral infl. Arthropathy

-Absence of RF

-Assoc. w/ HLA-B27

Marie-Stumpell disease

*Aka Anklyosing spondylolitis

Reiter’s syndrome

-Subtype of spondyloarthropathies

-Psoriatic arthropathy, spondylitis assoc. w/ infl. bowel diseases, & reactive arthropathies (which follow infections by Yersinia, Shigella, Salmonella, Helicobacter, & Campylobacter)

-Urethritis, conjunctivitis, uveitis, sacroilitis are characteristic

Lipomas

-Most common soft tissue tumors

-*Arise anywhere in the body, but most often in subcutaneous tissues of adults.

-Most are solitary, sporadic lesions

-Multiple ones are in rare familial cases

-*Slowly emerging masses that seldom cause the patient difficulty.

Liposarcomas

-Malignant neoplasms of adipocytes

-*Usu. occur in adults, w/ a peak incidence in the 5th to 6th decades

            -One of the most common soft tissue malignancies in this age group

-*Most arise in the deep soft tissues or in visceral sites.

-The lower extremities & abdomen are common sites of origin.

-A t(12;16) chromosomal translocation identified in myxoid liposarcoma 

*Gout

-Gout is the common end point of a group of disorders that produce hyperuricemia. 

-It is marked by transient attacks of acute arthritis initiated by crystallization of urates within and about joints, leading

     eventually to chronic gouty arthritis and the deposition of masses of urates in joints and other sites creating tophi

-A plasma urate level above 7 mg/dl is considered elevated because it exceeds the saturation value for urate at normal body

     temperature and blood pH.

-*10% have hyperuricemia, but gout develops in fewer than 0.5% of the population

-Various conditions produce hyperuricemia and gout

Primary gout

-The basic metabolic defect is unknown or gout is the main manifestation of a known defect 

Secondary gout

-The cause of the hyperuricemia is known or gout is not the main clinical dysfunction.

Many factors play a role in the conversion of asymptomatic hyperuricemia into primary gout:

  1)   Duration of the hyperuricemia—gout rarely appears before 20 to 30 years of hyperuricemia. 

  2)   Genetic predisposition 

  3)   Heavy alcohol consumption predisposes. 

  4)   Obesity predisposes. 

  5)   Certain drugs predispose—e.g., thiazides. 

-Pathogenesis of the arthritis is precipitation of monosodium urate (MSU) crystals into the joints. 

-Synovial fluid is a poorer solvent for MSU than plasma, and so with hyperuricemia the urates in the joint fluid become

     supersaturated.

-With prolonged hyperuricemia, microtophi of urates develop in the synovial lining cells and in the joint cartilage. 

-The released crystals are chemotactic and also activate complement, with the generation of C3a and C5a leading to the

     accumulation of neutrophils and macrophages in the joints and synovial membranes

-Phagocytosis of crystals induces release of toxic free radicals and leukotrienes (LTB4). 

-Death of the neutrophils releases destructive lysosomal enzymes

-The macrophages and synoviocytes secrete a variety of mediators, including IL-1, IL-6, and IL-8, and TNF-a which

     further intensify the inflammatory reaction and augment the injury to the articular structures

-Thus comes about an acute arthritis, which typically remits (days to weeks) even untreated. 

 -Repeated attacks of acute arthritis lead eventually to chronic arthritis and the formation of tophi in the inflamed synovial

     membranes and periarticular tissue as well as elsewhere. In time, severe damage to the cartilage and the function of the

     joints develops.

-Tophi are the pathognomonic hallmark of gout. 

       -They are formed by large aggregations of urate crystals surrounded by an intense inflammatory reaction of 

            macrophages, lymphocytes, and large foreign body giant cells, which may have completely or partially engulfed 

            masses of crystals.

        -Found in soft tissues,including tendons and ligaments, around joints. 

The natural history of gout passes through four stages: 

     (1) Asymptomatic hyperuricemia 

     (2) Acute gouty arthritis 

     (3) Intercritical gout 

     (4) Chronic tophaceous gout

Clinical Correlation

-Asymptomatic hyperuricemia appears around puberty in males and after the menopause in females

-After a long interval of years, acute arthritis appears in the form of the sudden onset of excruciating joint pain associated

     with localized hyperemia, warmth, and exquisite tenderness

-The vast majority of first attacks are monoarticular; 50% occur in the first metatarsophalangeal joint. 

-Eventually about 90% of patients experience acute attacks in the following locations (in descending order of frequency):

     great toe, insteps, ankles, heels, knees, wrists, fingers, and elbows

 -Untreated, acute gouty arthritis may last for hours to weeks, but gradually there is complete resolution, and the patient

     enters an asymptomatic intercritical period.

-The attacks recur at shorter intervals and frequently become polyarticular. Eventually over the span of years, symptoms   

      fail to resolve completely with the development of disabling chronic tophaceous gout

-It takes about 12 years between the initial acute attack and the development of chronic tophaceous arthritis.
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