341MED 

                   
Dr.Atallah Al.Ruhaily


[image: image3.jpg]Jrsm——
Spongybone

Space contaning

Compactbore.
[r—

r—

i




Metabolic Bone Diseases

Basic Terminology:

· Epiphysis: growing joint end that sits on the growth plate.

· Physis: the plate of cartilage near the end that adds length to the bone. 

· Metaphysis: the funnel shaped spongy bone next to the physis. (Meta: next to). 

· Diaphysis: the shaft. (Dia: away from).


 Normal Bone Metabolism

The regulation of bone and bone mineral metabolism results from: 

·  the interactions among 3 hormones

·  at 3 target organs

·  to regulate 3 bone minerals.

Regulation of Ca and Skeletal Metabolism:
	Minerals
	Organ Systems
	Calcitropic Hormones
	% in soft tissues

	Calcium
	Skeleton
	PTH
	1%

	Phosphate
	Kidney
	Calcitonin
	15%

	Magnesium
	GIT
	Vit. D
	35%


Distribution of Bone Minerals:

	Mineral
	Total Body Content )gm)
	% in Skeleton
	% in Soft Tissues

	Calcium
	1000
	99%
	1%

	Phosphate
	600
	85%
	15%

	Magnesium
	25
	65%
	35%


Extracellular Calcium levels:
· Tightly regulated within a very narrow physiologic range.

· Necessary for multiple biological functions:

1.  Cell signaling

2.  Muscle function (e.g. Excitation-contraction coupling in heart & other muscles).

3.  Synaptic and neural transmission

4.  Membrane and cytoskeletal functions

5.  Blood coagulation & Platelet aggregation

6.  Secretion of hormones

7.  Enzymatic Co-factors & other regulators by exocytosis

8.  Biomineralization
Intracellular Calcium levels:
·  Tightly regulated at levels about 10000-fold lower than extracellular ca.

·  Serves as second messenger in the regulation of:

·  Cell division

·  Muscle contractility

·  Cell motility

·  Membrane trafficking

·  Secretion 

Calcium Concentrations in Body Fluids

	Extracellular Calcium
	mg/dL
	mmol/L

	Total  serum Calcium
	8.5-10.5

(10)
	2.1-2.6

(2.5)

	   Diffusible
	Ionized Ca (Ca++)
	4.4-5.2
	1.1-1.3

	
	Complexed Ca 

   (to Bicarbonate, Citrate..etc.) 
	0.7
	0.18

	   Non-diffusible
	Protein-bound Ca 

   (to albumin & globulin)
	4.0-4.6
	0.9-1.1

	Intracellular Free Calcium
	180 nmol/L
	0.00018 mmol/L


Plasma calcium: 50% free & 50% bound to albumin.
Functions of Bone

1. Mechanical:

a. Locomotion: providing support for extremities, levers & sites for attachment of muscles.

b. Protection:for body cavities that contains vital organs & for hematopoetic bone marrow

2. Metabolic:

a. It provides a large reservoir of ions such as calcium, phosphorus, magnesium & sodium that are crucial for life . 

b. It renews itself by the process of remodelling.

Features of Bone Tissue

· Dynamic

· Rigid

· Strong

· Light

· Vascular

Structure of Bone

Skeletal tissue consists of:

· Extracellular matrix:

· Organic components: 1/3 of bone weight

· Inorganic components (solid minerals): 2/3 of bone weight

· Bone Cells:

Minor fraction of bone volume.

Carry dual function of skeletal system:

1. mineral homeostasis

2. skeletal homeostasis

Organic matrix:
I. Type I collagen (90 to 95% of matrix)

II. Noncollagen organic components (10% of matrix):

1. Proteoglycans

2. Lipids

3. Osteocalcin 

· acidic proteins containing (-carboxyglutamic acid (GLA)

· also referred to as: Bone GLA protein (BGP) or Matrix GLA proteins

4. Osteonectin (glycoprotein)

5. Osteopontin (phosphoprotein)

6. growth factors.  

Mineral:
Two forms:

1. The major form:

· Hydroxyapatite in crystals of varying maturity.
2. Amorphous calcium phosphate:

· Lacks a coherent x-ray diffraction pattern

· Has a lower calcium-phosphorus ratio than pure hydroxyapatite

· Occurs in active bone formation & in young bones.

Bone Compartments

1. Cortical (= Compact) Bones

2. Trabecular (= Cancellous = Spongy) Bones

Cortical (Compact) Bones:

· 80% skeletal mass.

· Found principally in shafts of long (tubular) bones.

· composed of densely packed layers of mineralized collagen.

· 80 to 90% of it is calcified.

· provides mechanical function & protective for medullary cavity containing bone marrow.

Trabecular Bones:(Cancellous or Spongy Bones):

· 20% of skeletal mass.

· Found in vertebrae, most flat bones, & ends of long bones.

· spongy in appearance

· Only 15 to 25% of it is calcified; the remainder consists of blood vessels, bone marrow, & connective tissue.

· provides strength & elasticity but the main function is metabolic (the major site for bone remodeling).

Bone Cells

Three main types of bone cells:

1.  Osteoblast

2.  Osteocyte

3.  Osteoclast

Osteoblast

· The principal bone-forming cell.

· Arises from a pool of mesenchymal precursor cells in bone marrow.

· Synthesize & secrete the organic matrix and induce mineralization.

· Differentiated osteoblasts have characteristic location (lining active bone formation surfaces.

· Characteristics of differentiated osteoblasts:

· Presence of receptors for PTH & vitamin D

· Presence of a specific skeletal form of alkaline phosphatase.

· Ability to synthesize bone matrix proteins (type I collagen, osteocalcin, osteopontin …etc)

· The fate of senescent osteoblasts is not well defined.

· Some become flattened, inactive lining cells on trabecular bone.

· Some will be surrounded by matrix and burried in cortical bones as osteocytes.

Osteocyte
· Formed by osteoblasts that are trapped in cortical bone during remodeling process.
· Each cell is surrounded by its own lacuna.
· Each cell develops multiple processes to connect it with osteoblast surface and other osteocytes within a unit of bone (osteon).
· These extensive canalicular system serves as channels for flow of ions and nutrients.
· Cells have decreased protein synthetic activity.
· The physiological importance is controversial but may act as cellular synctium that permits translocation of mineral in and out of regions of bone removed from surfaces.

Osteoclast
· Multinucleated giant cells.
· Not derived from endogenous bone cell but are formed by fusion of precursor hematopoeitic stem cells related to to the mononuclear phagocyte series. 
· Main function is resorption of bone.
· Highly mobile & do not divide.

Linear Bone Growth
· In children during growth of long bones
· Chondroblasts in the growth plate proliferate and actively synthesize new matrix.
· Then, the matrix is selectively calcified.
· Followed by partial resorption by osteoclasts.
· Then osteoblasts lay down a layer of woven bone on the top of cartilaginous remnants.
· At puberty, growth-plate fusion occurs leading therefore to cessation of linear growth.
Bone Remodeling

· In adults, is constantly renewed by a process of “bone remodeling”.

· Orderly cycle: 

· Old bone is first resorbed by osteoclasts

· Then, new bone is deposited by osteoblasts. 

· Cortical bones are remodeled from within by cutting cones.

· In trabecular bones, remodeling process occurs on bone surface (external periosteum and internal endosteal surfaces).

· At each remodeling site, bone resorption and new bone formation are coupled, so that in in a state of zero net bone balance, the amount of new bone formed is precisely equivalent to the amount of bone resorbed.

· The state of perfection is only briefly maintained in one’s life. 

· Until age 20-30 years, bone mass increases (consolidation of the gains in bone growth achieved during adolescence).

· After age 30, bone loss starts to dominate slowly.

· Skeletal mass declines with age after the peak mass is attained after the cessation of linear growth.

· In both compact and cancellous bones, remodeling occurs in packets or quanta by a multicellular unit, termed the basic  multicellular unit (BMU).
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Curvent Indications and Doses (in the US)

5 Most Common
Adverse Effects

IV injection

Treatment of hypercalcemia associated with
malignancy (60 to 90 mg). The 60-mg dose is given
as an initial, single-dose, IV infusion over at least 4
b The 90-mg dose must be given by an initial,
single-dose, IV infusion over 24 h. Treatment of
moderate to severe Paget's disease (30 mg daily,
administered as a4-h infusion on 3 consecutive days
for atotal dose of 90 mg) Treatment of osteolytic
bone metastases of breast cancer and osteolytic
lesions of multiple myeloma (90 mg administered as

a4-h infusion given on a monthly basis)

Fever, infusion-
site reaction,
nausea, anorexia,

constipation
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Regulation of Bone Remodeling
[image: image6.png]



Hormonal Regulation

· PTH

· Calcitonin
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Insulin

·  GH

· Vitamin D

· Glucocorticoids

· Estrogens

· Androgens

· Thyroid hormones
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Hormones and Other Factors influencing Bone Remodeling
	Hormone/

Factor
	Effects/Comment

	PTH
	Stimulates resorption & bone formation

Effect not directly on osteoclast. & Osteoblasts are necessary to mediate effect.

	Calcitonin
	Inhibits bone resorption by direct action on osteoclasts.

	Insulin
	Marked stimulation of bone matrix synthesis.

Necessary for bone mineralization.

In part, action is through increased IGF-1

	GH
	Maintains bone mass through increasing IGF-1 production by the liver.

Increases 1,25 dihydroxy-vitamin D production, thus increasing calcium absorption by the gut.

	Vit. D & Ca
	Increase bone mineralization 

· By increasing synthesis of osteocalcin by osteoblasts, 

· and by increasing IGF binding proteins.

	Glucocorticoids
	Stimulates resorption by decreasing Ca absorption by the gut with a subsequent increase in PTH secretion.

	Estrogens
	Decrease  bone resorption indirectly by inhibiting production of cytokines IL1 & IL6 from circulating monocytes and from osteoblasts and marrow stromal cells in bone.

	Androgens
	Anabolic effect on bone.

	Thyroid hormones
	Direct effect on osteoclasts via osteoblasts and stimulate bone resorption and turnover.


Metabolic Bone Diseases

· Osteoporosis

· Osteomalacia & Rickets

· Paget’s Disease of bones (Osteitis Deformans)

· Renal Osteodystrophy 

Osteomalacia & Rickets
Osteomalacia:

· A defect in the mineralization of bone matrix.

Rickets: 

· Osteomalacia in children where impairment of the mineralization at the growth plate produces widening and disorganization of the growth plate (epiphysial dysplasia), retardation at longitudinal bone growth, and a variety of skeletal deformities. 

Pathology of Rickets
· The growth plate is widened because the cartilage cells in the growth plate proliferate abundantly but fail to mineralize the surrounding matrix.

Pathology of Osteomalacia:
· The characteristic pathologic changes involve bone remodeling. 

· Impaired mineralization of bone matrix, or osteoid, results in accumulation of large surfaces of unmineralized osteoid in thick seams.

· Overlying the osteoid seams are numerous active osteoblasts.

· When caused by vit. D deficiency, associated findings of secondary hyperparathyroidism may be present: e.g. large numbers of osteoclasts and fibrosis of bone marrow.
 

Pathophysiology
Required components of normal mineralization of bone:

1. Adequate supply of the minerals calcium and phosphates

2. Bone cells capable of synthesizing alkaline phosphatase which is required for mineralization

3. Absence of toxic factors

Causes of Osteomalacia:
	Vitamine D abnormalities
	Phosphate deficiency

	· Nutritional defiency
· Malabsorption

· Impaired activation


Hereditary vitamine D-dependent rickets type I
(renal 25-OH-vitamine D 1( hyroxylase deficiency)

· End-organ resistance


Hereditary vitamine D-dependent rickets type II (absent or defective vitamine D receptors)


	Renal phosphate wasting

· x-linked hypophosphatemic rickets

· Autosomal recessive hypophosphatemic rickets

· x-linked recessive hypophosphatemic rickets 

· Fanconi’s syndrome

· Renal tubular acidosis type II

· Oncogenous osteomalacia (acquired; associated with mesenchymal tumors)

Malabsorption


Phosphate-binding antacids




· Deficient alkaline phosphatase

Hereditary hypophosphatasia

· Toxic

Fluoride

Aluminium (chronic renal failure)

Etidronate disodium therapy

Phosphate-binding antacids

· Chronic renal failure

Fibrogenesis imperfectia ossium

Symptoms and Signs
· Bone pain & some times bone tenderness.

· Proximal muscle weakness is a characteristic & prominent feature of vit. D deficiency in particular.

In rickets:

· Short stature

· Bone deformities including:

· Frontal bossing of the cranium

· Bulging of the costochondral junctions (rachitic rosary)

· Lateral indentation of chest wall at the diaphragmatic insertion (Harrison’s groove)

· Bowing of long bones

· Varus or valgus deformities of the knees

Laboratory Findings: Serum Biochemistry
In vitamin  D deficiency: 

· 25-hydroxy vitamin D level is low.

· Progressive hypophosphatemia (because of reduced absorption & secondary hyperparathyroidism)

· Serum Calcium level:

·   may be normal at early stages of osteomalacia (because of relative success of secondary hyperparathyroidism in maintaining calcium homeostasis)

·  Reduced in late stages.

· Serum Alkaline Phosphatase is usually high

· PTH level is elevated.

 Urinary Findings
In vitamin  D deficiency:

· Excretion of calcium in 24-h urine specimen is very low or undetectable.

· Renal tubular threshold for phosphate is lowered (signifying secondary hyperparathyroidism).

· Generalized aminaciduria (related to secondary hyperparathyroidism).
In Hypophosphatemic Rickets:

· Renal phosphate threshold is usually decreased  (indicating primary renal phosphate wasting state).

· Urinary calcium may be low but seldom as low as in vitamin D deficiency.

· Alkaline Phosphatase is high.

· Serum Calcium & PTH:

· Usually normal in untreated patients.

· Mild secondary hyperparathyroidism may be seen in patients treated with large doses of oral phosphate.

Imaging Studies: Rickets
   Advanced rickets gives rise to radiological manifestaions of epiphysial dysplasia and delayed mineralization which include:

· Widening of epiphyses

· Fraying of epiphyial ends

· Widening and cupping of metaphyses

Imaging Studies: Osteomalacia
· Radiological changes indistinguishable from those in osteoporosis:

· Demineralization of skeleton

· Thinning of cortices

· Pseudofractures:

· Pathognomonic feature of osteomalacia

· Also known as Looser’s zoon or Milkman’s syndrome

· Signs of hyperparathyroidism such as subperiosteal bone resorption (in vit.D Defficiency)
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Imaging Studies: Pseudofractures
· Discrete zones of bone rarefaction that have the appearance of nondisplaced fractures.

· Cause is unknown but heal with treatment of osteomalacia

· Most often at sites where arteries cross bones

· Often bilaterally symmetric

· Most common sites:

· Femoral neck & shaft

· Pubic & ischial rami

· Clavicles

· Scapulae & ribs

· Radius & ulna


Vitamin D Abnormalities
1. Nutritional vitamin D deficiency

2. Malabsorption of vitamin D

3. Abnormal metabolism of vitamin D

4. Peripheral resistance to vitamin D

Nutritional vitamin D deficiency:
· Develops when both diet and exposure to ultraviolet light are inadequate.

· Three stages of development of rickets can be distinguished:

Stage I Hypocalcemia is the only significant biochemical abnormalities.

Stage II Serum calcium concentration returns to normal but hypophosphatemia appears because of seconday hyperparathyroidism.

Stage III symptomatic rickets, worsening of hypophosphatemia and recurrence of hypocalcemia (because of failure of PTH to resorb sufficient calcium from osteomalcic bone.

Malabsorption of vitamin D:
· Vitamin D is a fat-soluble substance and therefore it depends in its absorption on pancreatic lipase and bile salts.

· Causes of malabsorption of vitamin D:

·  Pancreatic insufficiency

·  Loss of bile salts

·  Diffuse disorders of of intestinal mucosa such as coeliac disease 

Abnormalities of vitamin D Metabolism
· Abnormalities in conversion of vitamin D to 25-hydroxy vitamin D in the liver (e.g. severe liver disease & anticonvulsant drugs) is rarely associated with osteomalacia.

· Conversion of 25-hydroxy vitamin D to 1,25(OH)2 D is severely impaired in chronic renal failure and this contributes to pathogenesis of renal osteodystrophy (rarely pure osteomalacia).

· Vitamin D-dependent rickets type I.

· Rare autosomal recessive trait.

· Deficiency of renal 25-hydroxyvitamin D 1 (-hydroxylase.

· Presentation with severe rickets, hypocalcemia & low 1,25(OH)2 D levels.

· Bone disease is healed by provision of physiologic doses of 1,25(OH)2 D. 

· Vitamin D-dependent rickets type II

· Rare autosomal recessive trait.

· Caused by mutations in vitamin D receptors that impair transcriptional response to vitamin D.

· Characterized by severe rickets, hypocalemia & normal 1,25(OH)2 D levels.

· Some times associated with alopecia totalis.

Hypophosphatemic Osteomalacia
· Hereditary or acquired disorders of renal phosphate wasting  or  intestinal malabsorption.

· Renal phosphate wasting:

· X-linked hypophosphatemic rickets

· Autosomal recessive hypophosphatemic rickets

· X-linked recessive hypophosphatemic rickets 

· Fanconi’s syndrome

· Renal tubular acidosis type II

· Oncogenous osteomalacia (acquired; associated with mesenchymal tumors)


· Malabsorption: e.g. Phosphate-binding antacids

X-linked hypophosphatemic rickets:
· The classic form of renal phosphate wasting:

· Uncommon but the predominant cause of childhood rickets.

· Affected males are severely rachitic.

· Penetrance of bone disease in female carriers is variable.

· Serum Biochemical Features:

· Phosphate is very low (renal phosphate wasting).

· 1,25(OH)2 D: in the lower range (inappropriately low for  PO4)

· Calcium & PTH are normal.

· Bone disease responds to aggressive phosphate supplementation with the addition of 1,25(OH)2 D to prevent secondary hypeparathyroidism.

Hypophosphatasia:
· Rare cause of rickets and osteomalacia.

· Inherited as autosomal dominant or autosomal recessive or could be due to a mutation in the gene for liver-kidney-bone form of alkaline phosphatase.

· Biochemical Features:

· Low alkaline phosphatase activity

· High serum and urinary levels of pyrophosphate and phosphoryl ethanolamine.

· Hypercalcemia in children.

Treatment of Osteomalacia:
 Vitamin D defeciency
· Vit. D2 (Ergocaleciferol) 

Or

· Vit. D3 (Cholecalciferol)

· Initial Doses: 

800-4000 IU (0.02-0.1mg) PO  daily for 6-12 weeks.

·  Maintenance Dose: 

200-400 IU daily.

·  Calcium supplement or larger doses of vit. D may be needed for tetany.
· Larger doses of vit. D are needed. 


50,000-100,000 IU (1.25-2.5 mg) PO daily.

·  Large doses of Calcium:

 Calcium Carbonate tab 4 g daily.

·  If oral vit. D is ineffective, parentral route can be used: eg 10,000 IU daily by IM inj. 

·  Or Small doses of Calcitriol:

0.5-1 µg PO daily.

· In all patients where large doses of vit. D are used 25-hydroxy vit. D and serum calcium should be monitored periodically to reassure adequate  treatment and to avoid nephrocalcinosis.

·  Inorganic phosphate is not indicated in vit. D defiency or intestinal malabsorption because hypocalcemia will develop and calcium absorption will remain inadequate.

Treatment of Phosphate Wasting due Renal Tubular Disorders:
· In the past very large doses of vit. D were given (50,000 to several hundreds thousands IU) but such treatment was not always adequate.

·  Currently, the best regimen:

·  Inorganic phosphate 3-5 g PO daily in devided doses every 4 hours.

·  Calcitriol (0.25-1 µg) PO daily.

·  Calcium carbonate if there is chronic acidosis such as in RTA.

Osteoporosis
· Defined as a reduction in the mass of bone per unit volume.

· Leading to enhanced bone fragility and an increase in fracture risk.

· The most common metabolic bone disease.

· Responsible of immense morbidity & considerable mortality.

· Not a single disease entity but rather a pathologic state of diverse etiology.

· WHO definition:

· Osteoporosis: bone density more than 2.5 SDs below the young adult mean value for individuals matched for sex and race.

· Osteopenia: bone density values between 1 and 2.5 SDs. 

Histologically, osteoporosis is characterized by:

· A decrease in cortical thickness

· A decrease in the number and size of  the trabeculae of cancellous bone.

· Trabecular plates are abnormally perforated and may be fractured.

· Osteoid seam are of normal width.

Epidemiology:
· The most common sites of osteoporotic fractures are:

1. Vertebral body

2. Forearm (Colles’ fracture)

3. Hip

·  The risk of osteoporotic fracture depends upon:

1. Gender
2. Age

3. Race

Etiology:

1. Aging

2. Sex hormone deficiency

3. Heredity

4. Constitutional factors

5. Lifestyle and habits

6. Nutrition

7. Secondary Osteoporosis

Aging:
· The most common form of osteoporosis is age-related.

· During lifetime , bone mass changes in 3 phases:

1. First Phase: Attainment of peak bone mass as a result of bone growth and the subsequent consolidation of bone mass during postpubertal years. Consolidation is completed in age 20 to 30 years.

Factors that determine peak bone mass:

a. Gender

b. Race

c. Heredity

d. Nutrition

e. Physical activity

2. Second Phase: Slow, age-dependent bone loss starts at age 30-40. Persists throughout life. Similar rate in men and women. Similar amounts of cortical and trabecular bone are lost. Similar rate in blacks, white and Asian.

3. Third Phase: Rapid bone loss, ordinary confined to women at postmenopausal years because of estrogen deficiency.

Sex Hormone Deficiency:
· Estrogen deficiency is associated with bone loss regardless of the age or the cause of deficiency.

· Conditions of estrogen deficiency leading During lifetime , bone mass changes in 3 phases:

1. Postmenopausal age

2. Amenorrhea

3. Athletic activity

4. Hyperprolactinemia

5. Oophorectomy

6. “artificial menopause” (women with endometriosis treated with GnRH agonists.

Postmenopausal Osteoporosis:
· Women have higher risk of osteoporotic fractures than men because of:

1. Accelerated postmenopausal bone loss

2. Reduced peak bone mass

3. When there is early menopause, the risk  is increased further.  

· Bone loss is disproportionately from trabecular compartment (25% of trabecular bone vs 10% of cortical bone)

· This disproportionate explains the earlier appearance of vertebral than of hip fractures in women.

Heredity:
· 60 to 80% of the variances in bone density is genetically determined.

· A woman’s risk of hip fracture is doubled by a maternal history of hip fracture.

· Inheritance is polygenic but 75% of the genetic effect can be accounted for by inheritance of  polymorphic alleles of vit. D receptor gene ( Australian population studies)..

Constitutional Factors:
· Body mass is one of the most important determinants of peak bone mass.

· Obesity is protective from osteoporosis, and fracture incidence is lower with increased body weight.

Lifestyle and Habits: 
Exercise:
· Exercise is clearly beneficial to skeleton.

· Both premenopausal and postmenopausal women who exercise regularly have more bone mass than sedentary counterparts.

· Regular exercise reduces hip fracture risk in postmenopausal women.

· Explanation? 

· Not explained by greater bone density.

· In part, related to maintaining strength, balance, agility and thus avoiding falls.
 Alcohol:
· Alcohol abuse is associated with a low-turnover state of bone &  a reduction in trabecular bone volume.

· Long-term alcohol use increases the risk for hip fracture in both sexes. (Framingham study). 

Smoking:
· Cigarette smoking has an adverse influence on BMD & on the rate of bone loss in both sexes.

· Explanation?

· Women who smoke metabolize exogenous estrogen more rapidly than nonsmokers.

· No evidence that smoking affects production or metabolism of endogenous estrogen.  

Coffee:
· High caffeine intake is associated with decreased bone mass.

· Caffeine use increases hip fracture risk independently of bone density.

Nutrition Calcium:
· In adolescents and young adults, increased Ca intake enhances accretion of bone mineral.

· Adequate Ca intake is required to:

· Attain the genetically determined peak bone mass.

· Maintain positive Ca balance in the elderly.

· Prevent postmenopausal bone loss.  

· Optimal daily Ca intake.

Nutrition Vitamin D:
· Vitamin D is required for absorption of Ca from the gut and its assimilation in the body.

· Ability to synthesize and absorb vit. D declines with age.

· Synthesis of vit. D in skin is markedly attenuated in high latitude and in winter.

· Thus, in conjunction with Ca supplementation, elderly should be supplemented with beyond the current RDA of 200 IU of vit. D to an intake of 400-800 IU.

Glucocorticoid-induced Osteoporosis:
· Osteoporosis is caused by glucocorticoid excess in both:

1. Cushing’s syndrome

2. Exogenous glucocorticoid adminstration (1/3 to ½ those on  chronic glucocorticoids treatment).

· Vertebral fracture is common, but no increased risk of hip fracture.

· Pathogenesis:

1. Direct skeletal effects on bone: Decreased bone formation & Increased bone  resorption

(Example of uncoupled bone state)
2. Indirect effects:
· Inhibition of intestinal absorption of Ca

· Increase renal  excretion of Ca: (Increased bone resorption & Direct tubular effect) 

· Impair gonadal function

· Osteporosis is reversible after successful treatment of Cushing’s syndrome.

· Ca & vit. D supplementation is needed for prevention & treatment of glucocorticoid-induced osteoporosis.

Osteopoacrosis & Hyperthyroidism:
· Hyperthyroidism is high-turnover bone state.

· Direct stimulation of bone resorption by thyroid hormones.

· Increased levels of bone formation markers in serum

· Increased levels of bone resorption markers in urine

· Although osteoporosis is common, fractures are unusual in hyperthyroidism.

· Most skeletal effects are reversible. 

Osteoporosis & Diabetes:
DM type 1:

· Moderate osteoporosis of cortical bone is common.

· No increase risk of fracture. 
DM type 2:

· Bone mass is normal or high, ? Effect of obesity.

Osteoporosis & Immobilization:
· Osteoporosis is a major problem in patients confined to chronic bed rest.

· Marked increase in bone resorption

· Hypercalcuria

· Hypercalcemia

Causes of Osteoporosis:
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Clinical Features:
· Insidious disorder evolving over many years without specific clinical symptoms.

· Initial symptoms are usually due to  a fracture.

· Major clinical sequelae result from fractures of:

· Vertebrae

· wrist

· Hip

· Humerus

· tibia

· Spinal compression fracture:

· Acute back pain

· Exacerbated by weight bearing 

· Relieved by rest

· Lasts  for 1-2 months

· Remits after healing

· If persists, may be due to spasm of paraspinus muscles

· Fracture may be painless
· If multiple, may present with height loss (sitting height) & dorsal kyphosis

Radiological Features:
Vertebral Changes on plain x-rays:
· Decrease in bone mass (osteopenia).

· Prominence of vertical striations due to preferential loss of horizontal trabeculations.

· Prominence of end plates.

· Schmorl’s nodes due to loclaized herniation of the nucleus pulposus of the intervertebral disk.

· Biconcavity of vertebrae (called “codfish vertebrae”): 
· Caused by: 

· weakening of subchondral plates

· Microfractures

· ballooning of intervertebral discs
· In absence of fractures, plain x-rays are insensitive indicators of bone loss (30 - 50% of bone mass must be lost before osteopenia is apparent radiologically).

· Standard radiographs also lacks specificity. 
· Osteoporotic fractures:

· Loss of vertebral height (compression or collapse fracture) 

· Anterior wedge wedging 

· The most common sites: the lowest thoracic & upper lumbar vertebrae.

Radiological imaging of Osteoporosis

[image: image12.png]FIG. 6. High-resolution radiographs of a proximal phalanx
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Bone Densitometry
· Direct measurement of bone mineral  density (BMD).

· Dual Energy X-ray Absorptiometry (DEXA Scan):

· Sensitivity

· Ability to scan the entire skeleton

· Low radiation exposure

· Short scanning time

· Other techniques for measurement of BMD:

· Single-photon absorptiometry

· Dual-photon absorptiometry

· Quantitative computed tomography (QCT)

WHO Definitions:
Osteopenia 

BMD between 1.0 and 2.5 SD below peak bone mass (at 30 years old), T-score of –1.0 to –2.5. 

Osteoporosis

BMD at least 2.5 SD below peak bone mass,T-score of –2.5 or below. 

Established Osteoporosis

BMD at least 2.5 SD below peak bone mass,T-score of –2.5 or below and fracture.

Differential Diagnosis of Reduced BMD
· Osteomalacia

·  Diffuse bone pain & tenderness

· Pseudofractures

·  Renal Tubular Acidosis (RTA)
· Multiple Myeloma

Treatment:
General Measures:
· Optimal Calcium & Vitamin D

·  Weight-bearing Impact Safe Exercise

·  Discontinue Meds and add Thiazide Diuretic?

·  Management of back pain (acute & chronic)

·  Measures to prevent falling

Calcium and vitamin D:
· The mechanisms that underlie deficiencies in calcium and vitamin D are multifactorial, and ingestion of calcium and vitamin D supplements do not necessarily lead to a corresponding increase in biologically active moieties. However, exogenous supplementation is still helpful. 
· Alfacalcidiol and calcitriol increase intestinal calcium absorption and promote mineralization of bone, but their action in osteoporosis is uncertain and probably involves an antiresorptive element due to suppression of parathyroid hormone secretion.

The recommended therapy: 

· Calcium:

· For premenopausal women and men: 1000mg /day.

· For postmenopausal women: 1500-2000 mg/day. 

· Vitamin D: 

· Supplementation beginning with 400-800 IU/day and increasing as needed is also recommended. 
 Drug Therapy
· Estrogen (HRT or ERT)

·  Bisphosphonates

·  Selective Estrogen Receptor Modulators (SERM)

·  Calcitonin

·  Anabolic Agents

Estrogen (HRT or ERT)

· Reduces loss of bone mass and produces up to a  5% increase in spinal bone density over several years in postmenopausal women.

·  Reduces incidence of hip fracture by 50% in postmenopausal women.

·  Other benefits:

· Prevents vasomotor symptoms of menopause (hot flushes).

· Reduces coronary hear diseases in postmenopausal women.

Side Effects of Estrogen therapy: 

· Long-term therapy (after 5-10 years) is associated with increased risk of:

· Endometrial hyperplasia and carcinoma in 34% of patients on unopposed estrogen therapy.

· Breast cancer in ~ 30% of treated patients.

· Measures to diminish uterine carcinoma:

·  Combined estrogen-progestin therapy (sequential or   continuous regime).

·  Routine pelvic examination.

·  Thorough evaluation of dysfunctional bleeding.

·  Reduces loss of bone mass in postmenopausal women.

· Concomitant progestin therapy does not protect from breast cancer in etrosgen users.
· Factors to be considered in decision  for ERT? 

Contraindications of estrogen therapy:

· Pregnancy

· Breast cancer

· Liver disease

· Blood clots

· Thromboembolic disease

· Migraine headache

N.B.
· The beneficial effect of estrogen therapy on bone extends for years after menopause, and should be continued for at least 7 years post onset to decrease the risk of hip fractures later in life.
· ERT Regimen:

· Conjugate Estrogen 0.625 mg/d. ( the most popular regimen)

· Ethinyl Estradiol 0.02 mg/d

· Micronized Estradiol 1-2 mg/d

· Transdermal Etradiol 0.05 mg patch twice a week.

Concomitant progestin therapy (2 regimens):

· Sequential (cyclical): 
Medoxypogesterone (Provera) 10 mg daily for 10-14 days per month. Associated with sustained withdrawal bleeding.

· Continuous regime: 

Medroxypogesterone  2.5 mg daily. Associated with irregular spotting bleeding  for the first year. Factors to be considered in decision  for ERT.

Bisphosphonates:
· Pyrophosphate analogs in which the oxygen in the pyrophosphate core has been replaced by a carbon rendering the biphosphonate extremely stable.

·  suppress bone resorption and bone turnover by a mechanism that depends on their structure.

·  very potent antiresorptive agents.

·  long duration of action.

·  administered orally or IV. 
· They are two types:

1. Nitrogen-containing:

suppress osteoclast activity by inhibiting specific enzymes of the mevalonate biosynthetic pathway. 

· Alendronate

· Ibandronate

· Pamidronate

· Risendronte
2. Non-nitrogen-containing: 

  metabolized intracellularly to compounds that are toxic for the osteoclasts.

· Clodronate

· Etidronate

· Tiludronate

Etidronate:
· Effective in reducing the incidence of vertebral fractures in women with severe osteoporosis 

·  Given cyclically (400 mg/day for 2 weeks every 3 months, augmented by calcium 500 mg/day between these doses). 
Clodronate
· Clodronate (800 mg/day), when given to women with postmenopausal osteoporosis with and without prevalent fractures, produces significant reduction (by 46%) in the incidence of new vertebral fractures after 3 years of treatment.

Alendronate (Fosamax)
· has the most potent effect on bone resorption, and of all pharmacologic therapy available, results in the greatest increases in BMD (spine by almost 9% and hip by 5% to 7.5% over 3 years).

· reduces the incidence of new vertebral fractures by as much as 80% and of hip fractures by 50%. 

· Dose:

· 10mg a day PO for the treatment of osteoporosis.

· 5mg a day PO for the prevention of osteoporosis.
· Its effect  on clinical fractures (spine, hip, multiple spine) was observed early (within 12-18 months)

Risedronate
· It increases BMD and reduces the cumulative incidence of new fractures significantly (vertebral by 50% and nonvertebral fractures by 30%).

·  Its antifracture occurs early (within 1 year).

Other Biphosphonates:
· Tiludronate: has no antifracture efficacy & withdrawn from further development for the treatment of osteoporosis. 

·  Pamidronate & Ibandronate:


Also available in IV preparations.

Adverse effects:

· Gastrointestinal symptoms such as indigestion, diarrhea, abdominal pain, and gas.

Absorption:

·  < 10% for etidronate. 

·  <1% for alendronate. 
· Measures to help increase their absorption:

·  It should be taken on an empty stomach. 

·  Patients should not lie down, take any other medications, or eat for at least 30 minutes. 

 (1) Alendronate
	5 Most Common Adverse Effects
	Current Indications and Doses (in the US)
	Route

	Abdominal pain, nausea, dyspepsia, musculoskeletal pain, headache
	Prevention of PMO (5 mg daily or 35 mg weekly)
	Oral

	
	Treatment of PMO (10 mg daily or 70 mg daily)
	

	
	Treatment of GIO (5 mg daily or 10 mg daily)
	

	
	Treatment of Paget's disease (40 mg daily for 6 mo)
	


 (2) Ibandronate
	Route
	Current Indications and Doses (in the US)
	5 Most Common Adverse Effects

	Oral
	Prevention and treatment of PMO (150 mg monthly)
	Upper respiratory infection, back pain, dyspepsia, bronchitis, pain in extremities

	IV injection
	Treatment of PMO (3 mg quarterly)
	Arthralgia, back pain, hypertension, abdominal pain, influenza-like illness


 (3) Pamidronate

 (4) Risedronate
	Route
	Current Indications and Doses (in the US)
	5 Most Common Adverse Effects

	Oral
	Treatment and prevention of PMO (5 mg daily or 35 mg weekly)
	Back pain, joint pain, upset stomach, abdominal pain, constipation

	
	Treatment of osteoporosis in men (35 mg weekly)
	

	
	Prevention and treatment of GIO (5 mg daily)
	

	
	Treatment of Paget's disease (30 mg daily for 2 mo)
	


 (5) Zolendronic acid
	Route
	Current Indications and Doses (in the US)
	5 Most Common Adverse Effects

	IV infusion
	Treatment of hypercalcemia of malignancy (4-mg dose given as a single-dose intravenous infusion over no less than 15 min) Treatment of multiple myeloma and bone metastases of solid tumors (4 mg infused over no less than 15 minutes every 3 to 4 weeks, optimal duration of therapy is not known)
	Flu-like symptoms (including fever, bone pain), nausea, constipation, anemia, dyspnea



Selective Estrogen Receptor Modulators (SERM)
SERMs are compounds that act as: 

· estrogen agonists on the bone and the cardiovascular system, 

and as 

· estrogen antagonists on breast and the uterus. 
Tamoxifen: 

The first compound of this class shown to affect bone metabolism  which is used in the treatment of breast cancer.

Raloxifene:

· The best-studied SERM today is raloxifene.

· It reduces bone resorption, leading to an increase in BMD of 1% to 1.5% over baseline in the spine and 1% in the hip over 2 years. 

· In 60 mg/day (the currently approved dose) significantly reduced the incidence of vertebral fractures by 30%, and it was equally effective in osteoporotic women with and without prevalent vertebral fractures (relative risk reduction 30% and 50%, respectively).

· By contrast, it did not alter the risk of nonvertebral fractures, including hip.

· In 10 mg/day is approved useful for the prevention of osteoporosis. 

· Other benefits of raloxifene: 

· It improves lipid profiles. 

· There is no associated endometrial or breast stimulation, making this SERM a favorable option in women who do not tolerate ERT. 

· The most common side effects are hot flashes and leg cramps are.  

Calcitonin
· 32-amino-acid peptide.

·  Secreted by parafollicular C cells of thyroid.

·  Principal function: inhibition of osteoclast-mediated bone resorption. 

·  Increases MBD and may reduce incidence of vertebral fractures.

·  Has mild analgesic effects (useful for symptomatic osteoporosis patients).

· The preparation used as antiresorptive agent in treatment of osteoporosis is synthetic salmon calcitonin (more potent than human calcitonin).

· Can be given by 2 routes:

·  Subcutaneously 50-100 IU daily or every other day.  

·  By nasal spray 200 IU daily.

·  Side effects: flushing & nausea  for short time  after administration.

Anabolic Agents
· All available agents used for osteoporosis are inhibitors of resorption. Although they increase bone mass over 1-3 years, the long-term ability to restore lost bone mass is limited by the physiologic coupling of bone resorption and bone formation.

·  There are 2 experimental agents that can increase bone formation:

·  Sodium fluoride (single PO daily dose).

·  PTH (single SC daily dose).

PTH
· hPTH (1-34)

· Method of administrations 

·  Advantages

· Disadvantages

Strontium Ranelate
· a new antiosteoporotic treatment with a dual mode of action, both increasing bone formation and decreasing bone resorption 

·  an effective, and safe treatment for postmenopausal patients with osteoporosis, to reduce the vertebral fracture risk in patients with or without a history of vertebral fracture.

·  Dosing: 2 g per day orally 

As you can see,  This lecture seems to be related to Pharma Stars Not MED GP !!!!!!!!!!
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