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Metabolic bone disorders
Bone histology: 
  The bone consists of:

1. Matrix: consists of:

A. Collagenous materials which are type I collagen in a mucopolysaccride ground substance.

B. Non-collagenous proteins which are proteoglycans, osteonectins, and osteocalcin (GI-protein).

  This matrix without the minerals called the osteoid.

2. Bone minerals: This consists of calcium and phosphate in the form of crystalline hydroxyappetite.

3. Bone cells: there are 3 types of bone cells:
A. Osteoblasts: are responsible for bone formation, their functions are: 

     --rich in alkaline phosphatase.

     --production of type I collagen.

     --production of non-collagenous proteins.

     --mineralization of bone matrix.

B. Osteocytes: their functions are obscure. It may involve in bone resorption (osteocytic osteolysis).
C. Osteoclasts: they are responsible for bone resorption.
Bone structure:

1. Woven bone: This called immature bone.
2. Lamellar bone: This called mature bone. Present in 2 different forms:

a. Compact bone (cortical bone): it composed of Haversian osteons.

b. Cancellous bone (trabecular bone).

Bone remodeling:

New bone growth occurs in 2 different ways:

1. Endochondral ossification: ossification of proliferating cartilage, at the epiphyseal growth plate (physis) or during bone repair.

2. Membranous ossification: direct ossification in connective tissue.

The remodeling process is proceeding by coordinated phases of osteoclastic resorption and osteoblastic formation. Each cycle of bone turnover takes 4-6 months; the annual rate of bone remodeling is 4% for cortical bone and 25% for trabecular bone.

Regulation of bone remodeling and mineral exchange:
  Over 98% of calcium and 85% of its phosphorus are tightly packed in bone. The complex balance of bone turnover is controlled by:

1. Systemic factors: 

a. Calcium: normal calcium concentration in plasma is 2.2-2.6 mmol/l (8.8-10.4 mg/dl).

b. Phosphorus: normal phosphorus is 0.9-1.3 mmol/l (2.8-4.0 mg/dl).

c. Magnesium: is important for efficient secretion and peripheral action of parathyroid hormone.

d. Vitamin D: the vitamin D3 (cholecalciferol) is derived from 2 sources: directly from the diet and indirectly by the action of ultraviolet light on the precursor 7-dihydrocholestrol in the skin. The inactive vitamin D is converted in the liver by 25-hydroxylation into 25-hydroxycholecalciferol (25-HCC), and then in the kidney by further hydroxylation to 1, 25-dihydroxycholecalciferol (1, 25-DHCC) which is the most active form. Its function is increase the absorption of calcium and phosphate in the intestine, in the bone it acts together with parathyroid to promote osteoclastic resorption.
e. Parathyroid hormone: on the renal tubules, it increases phosphate excretion by restricting its reabsorption, and conserves calcium by increasing its reabsorption.

f. Calcitonin: secreted by the C-cells of thyroid gland, it suppresses osteoclastic bone resorption and increases renal calcium excretion.

g. Other hormones: like estrogens, adrenal corticosteroids, and thyroxin.
2. Local factors:
a. Insulin-like growth factor 1 (somatomedin C).
b. Transforming growth factor.

c. Interleukin-1 (IL-1).

d. Osteoclast-activated factor.

e. Cytokines.

f. Prostaglandins.

g. Bone-morphogenic proteins (BMP).

h. Mechanical stress: Wolff's law said that the trabeculae laid down in the compressive stresses and removed from tensile stresses.

i. Electrical stimulation.
3. Environmental factors:
a. Moderate rise in temperature and oxygen tension increases bone formation.

b. Increased dietary phosphates and pyrophosphates inhibit bone resorption.

c. Fluorides: it has direct stimulation of osteoblastic activity.

Assessment of patient with metabolic and endocrine bone disease:
  A full clinical, radiological, and biochemical investigations and evaluation is essential in patients < 50 years, those with repeated fractures and bone deformities, and those with associated systemic features.

1. History: history of drugs, retarded growth, malnutrition, duration of symptoms, malabsorption, alcohol abuse, and cigarette smoking.

2. Examination: appearance of patient, like moon-face of hypercortisonism, and physical underdevelopment of rickets.

3. Investigations:
A. X-ray: decreased radiodensity of bone occur only after a 30% reduction in minerals or skeletal mass. Fractures which are multiple may appear in x-ray.

B. Measurement of bone mass (bone mass density, BMD):  

The measurement based on the principle that a beam of energy is attenuated as it passes through bone, and the degree of attenuation is related to the mass and mineral contents of bone. BMD is expressed in grams per unite area.

--- Radiographic absorptiometry.

--- Quantitative computed tomography.

--- Single-energy x-ray absorptiometry (SEXA).

--- Dual-energy x-ray absorptiometry (DEXA).

Indications of measurement of BMD are: to assess the degree of progress of bone loss in patient with metabolic bone disease, screening procedure for perimenapousal women, and assess the effect of treatment. 
C. Biochemical tests:

--- Serum calcium and phosphate concentrations: should be measured in fasting state.

--- Serum alkaline phosphatase: is an index of osteoblastic activity.

--- Osteocalcin (GIa protein): is a specific marker of bone formation.

--- Parathyroid hormone activity.

--- Vitamin D activity.

--- Urinary calcium and phosphate.

--- Urinary hydroxyproline excretion: is a measure of bone resorption, it increased in high turnover condition like Paget's disease.

--- Excretion of pyridinium compounds and telopeptides is much more sensitive index of bone resorption.

D. Bone biopsy: standard bone samples are easily obtained from the iliac crest and can be examined for bone remodeling. The rate of bone remodeling can be gauged by labeling the bone with tetracycline on 2 occasions (2 weeks apart) before obtaining the biopsy. Tetracycline is taken up in new bone and produces a fluorescent strip on ultraviolet light microscopy by measuring the distance between the 2 labels; the rate of new bone formation can be calculated.

Osteoporosis

Definition: osteoporosis is a state in which bone is fully mineralized but its structure is abnormally porous and it is strength is less than normal for a person of that age and sex, there is a significant decrease in bone mass per unite volume of bone.

Osteopenia is sometimes used to describe bone which appears to be less dense than normal on x-ray, without defining whether the loss of density is due to osteoporosis or osteomalacia.

Anything more than 2.5 standard deviations (SD) below the average for premenopausal women in the relevant population group may be defined as osteoporosis.

Classification: osteoporosis may be classified into regional osteoporosis which confined to a particular bone and generalized osteoporosis.

Other classification is:

A. Primary osteoporosis: in which no specific cause can be found, it is an exaggerated form of the physiological bone depletion that normally accompanies ageing and loss of gonadal activity. It is divided into:
--- Type I or high turnover osteoporosis: which characterized by rapid bone loss due to predominantly to increased osteoclastic resorption (early postmenopausal syndrome).

--- Type II or low turnover osteoporosis: it emerges in very elderly people and is due to a gradual slow-down in osteoblastic activity and the increasing appearance of dietary insufficiencies and chronic ill.

B. Secondary osteoporosis: the causes of secondary osteoporosis are:
--- Nutritional like malabsorption.

--- Endocrine disorders: like gonadal insufficiency, thyrotoxicosis, and hyperparathyroidism.
--- Drug induced: like corticosteroids and alcohol.

--- Malignant diseases: like multiple myeloma, and leukemia.

--- Chronic diseases: like rheumatoid arthritis and chronic renal failure.

--- Idiopathic and juvenile.

Risk factors: Caucasian (white) people, early onset of menopause, early hysterectomy, emaciated built, dietary insufficiency, alcohol abuse, cigarette smoking, and chronic lack of exercises.

Clinical features: back pain, kyphosis, x-ray may show wedging or compression of vertebral body, DEXA show decreased bone density in the femoral neck and vertebral bodies, fractures of the ribs and pubic rami, fractures of femoral neck after trivial trauma. Serum and urinary biochemistry is usually normal.
Treatment: 
--- Maintain adequate level of dietary calcium and vitamin D.

--- Keep high level of physical activity.

--- Avoid smoking and alcohol.

--- Estrogen medication (hormonal replacement therapy, HRT).

--- Bisphosphonates: like alendronate.

--- Calcitonin: as a nasal spray (Miacalcic®).
--- Fluorides: This stimulates osteoblastic activity.

--- Management of fractures.

Rickets and osteomalacia

Definition: it is inadequate mineralization of bone (incompletely calcified). In adults called osteomalacia.
In children called rickets.

Causes: calcium deficiency, hypophosphataemia, or any defect in the metabolic pathway of vitamin D.

Clinical features: 
--- Children: failure to thrive, muscle flaccidity, deformity of skull (craniotabes), enlargement of costochonral junctions (rickety rosary), later indentation of chest (Harrison's sulcus), distal tibial bowing, thickening of wrists, bow legs, knock knees, and coxa vara.

--- Adults: bone pain, backache, muscle weakness, vertebral collapse, kyphosis, and knock knees.

X-ray changes: 

--- Rickets: thickening and widening of growth plate, cupping of metaphysis, bowing of diaphysis.

--- Osteomalacia: Looser zones (incomplete stress fractures), biconcave vertebrae (from disc pressure), and lateral indentation of acetabula (Trefoil pelvis).

Investigations: decreased serum calcium and phosphate, increased alkaline phosphatase, decreased urinary excretion of calcium, the calcium phosphate product (Ca X Ph in mmol) is <2.4 is diagnostic (normally 3).

Bone biopsy and tetracycline labeling show defective mineralization.
Treatment: calcium supplements, vitamin D supplements, bone deformities require bracing and osteotomy.

Familial hypophosphataemic rickets (vitamin D resistant rickets):
It is x-linked genetic disorder characterized by excessive urinary excretion of phosphate. There is no myopathy. Treatment requires the use of phosphate and vitamin D.

Hyperparathyroidism

Causes:
--- Primary adenoma.

--- Secondary due to persistent hypocalcaemia.

--- Tertiary.

Clinical features:
Hypercalcaemia (this causes anorexia, abdominal pain, and muscle weakness), hypercalciuria (this causes polyuria, kidney stones, and nephrocalcinosis), chondrocalcinosis, osteitis fibrosa cystica, and pathological fractures.
X-ray features: osteoporosis, brown tumors, and cortical defects of middle phalanges.
Investigations: increased calcium, decreased phosphate, increased parathyroid hormone, and increased alkaline phosphatase.

Treatment: decrease calcium intake, adequate hydration, and parathyroidectomy.

Renal osteodystrophy

  Patients with chronic renal failure are liable to develop diffuse bone changes which are a combination of rickets or osteomalacia, secondary hyperparathyroidism, osteoporosis, and osteosclerosis.

  Children are clinically stunted, pasty-faced, and have marked rachitic deformities. Myopathy is common.
X-ray changes: shows widened and irregular epiphyseal plates, epiphyseolysis, and rugger jersy (striped) appearance of spines.

Investigations: decreased calcium, increased phosphate, and increase alkaline phosphatase.

Treatment: large doses of vitamin D, and internal fixation of epiphyseolysis.
Paget's disease (Osteitis deformans)
  It is characterized by enlargement and thickening of bone, the internal architecture is abnormal and the bone is unusually brittle.
Causes: the cause is unknown, although the discovery of inclusion bodies in the osteoclasts has suggested a viral infection (parvovirus).

Pathology: the characteristic cellular change is a marked increase in osteoclastic and osteoblastic activity, bone turnover is accelerated, plasma alkaline phosphatase is raised (a sign of osteoblastic activity) and there is increases excretion of hydroxyproline in the urine (due to osteoclastic activity).
Stages:
--- Early osteoclastic stage.

--- Late osteoblastic stage.

Clinical features: the pelvis and tibia being the commonest sites. Most patients are asymptomatic. The disorder being discovered when an x-ray is taken for some unrelated conditions or after the incidental discovery of raised serum alkaline phosphatase. Pain and deformity may be present. The skull base may become flattened (platybasia), kyphosis and spinal stenosis also may occur, cranial nerve compression may lead to impaired vision, facial palsy, and deafness. 
  Steal syndrome, in which blood is diverted from internal organs to the surrounding skeletal circulation.

X-ray: bone appears thick, sclerotic, and with coarse trabeculations.  Pathological fractures may be seen.
Investigations: 

--- Serum calcium and phosphate are usually normal.

--- Serum alkaline phosphatase is increased.

--- 24 hr urinary excretion of pyridinoline cross-links is a good indicator of disease activity and bone resorption.

Treatment: patients with Paget's disease have no symptoms and need no treatment apart from analgesia for pain.

The indications for specific treatment are: persistent bone pain, repeated fractures, neurological complications, high-output cardiac failure, Hypercalcaemia, before and after major surgery.
--- Calcitonin.
--- Bisphosphonates: like alendronate, etidronate, and pamidronate.

--- Surgery for pathological fractures, spinal stenosis, and osteosarcoma.

Complications:
--- Fractures.

--- Osteoarthritis.

--- Nerve compression and spinal stenosis.

--- Bone sarcoma, 1%.

--- High-output cardiac failure, it is due to prolonged and increased bone blood flow.

Endocrine disorders

Pituitary dysfunctions:
A. Hypopituitarism (decrease growth hormone):

--- Lorain syndrome occurs in children and characterized by proportionate dwarfism.

--- Fröhlich's adiposogenital syndrome occurs in children.

--- Panhypopituitarism occurs in adults and associated with premature osteoporosis.

B. Hyperpituitarism (increased growth hormone):
--- Gigantism occurs in children.

--- Acromegaly occurs in adults.

Adrenocortical dysfunction:
Like hypercortisonism (Cushing's syndrome).
Thyroid dysfunction:
A. Hypothyroidism:

--- Congenital hypothyroidism (Cretinism) characterized by dwarfism and mental retardation.

--- Adult hypothyroidism (Myxoedema).

B. Hyperthyroidism characterized by osteoporosis.

Pregnancy: characterized by backache, carpal tunnel syndrome, and rheumatic disorders (rheumatoid arthritis improves during pregnancy while SLE exacerbated by pregnancy).
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