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NUTRITIONAL FACTORSPRIVATE 


1.
Amount of food insufficient - shortness in stature


2.
Protein deficiency - osteoporosis (lack of organic matrix)


3.
Vitamin A


a.
Deficiency - impairs/retards skeletal growth (size) and maturation (growth centers)




Clinical:   hyperkeratosis, nyctalopia



b.
Excess (not common)




1)
Clinical: loss of appetite, itching, fretfulness.  Not usually seen before age 12 months.





tender, painful swelling along long bones of extremities.  No signs of inflammation.




2)
produces subperiosteal bone formation along long bones that are tender.





Should be detected clinically before bone changes are evident.


4.
Vitamin C - deficiency disease = scurvy (not common)



a.
Needed for interstitial cement.  Deficiency causes breakage of capillaries.



b.
Needed for osteoid tissue formation in enchondral type of bone formation.



c.
Usually seen in infants 3-6 mos to 2 yrs (not immed neonatal).



d.
Clinical: spontaneous hemorrhages and bruising, swelling, irritability, pain, lying motionless "frog-legged"



e.
Hemorrhage has a lot to do with radiographic signs.



f.
X-ray:




1)
"white line of Frankel" (distinct white line across z. of provisional calcification)




2)
"Wimberger's sign" (distinct white line around epiphyses)




3)
"Trummerfield's zone (scorbutic zone) - lucency on shaft side of white line, weak bone




4)
osteopenia




5)
"corner sign" (Pelkan spur)




6)
zone of provisional calcification extending to point




7)
subperiosteal hemorrhage





a)
classic sign of healing scurvy.  Not seen much when active. 





b)
will calcify when healing.





c)
looks terrible, but will remodel to normal structure.





d)
*dd:  subperiosteal hemorrhage is also seen in battered child syndrome




8)
fracture and epiphyseal dislocations due to osteoporosis.  Seen esp in scorbutic zones.




9)
beading of costochondral junctions "costal rosary"



g)
All findings are correctable


5.
Vitamin D


a.
Sources:





1)
Diet and conversion of inactive precursors (sterols) in the skin to active metabolites via sunlight. 




2)
Is fat soluble, so fat-containing foods are necessary.



b.
Functions:




1)
absorption of Ca from ileum.




2)
promotion of renal tubular phosphate excretion.




3)
required for parathormone effects of potentiating osteoclastic activity and osteocytic resorption.




4)
may catalyze bone calcification.



c.
Excessive: 
(hypervitaminosis D = "metastatic calcification")




1)
Increases serum calcium levels, which leads to increased urine output.  Ultimately so much calcium that kidneys can't handle it, and so it is deposited in the soft tissues everywhere in the body.  This is all while the patient is osteoporotic!



d.
Deficiency:
Rickets (same process in adults is osteomalacia)




1)
Occurs due to dietary inadequacy of vit D or lack of sunlight.  Age 4-18 mos.  




2)
Occurs in bone that is not mature; therefore, softening.  




3)
Lack of Vit D, therefore lack of calcium absorption and deposition, therefore no dense line of provisional calcification.




4)
Osteoid tissue is laid down, but is not calcified.  (This is demineralization.  It is not osteoporosis, which is loss of bone mass).  This creates a zone of lucency *uncalcified bone cannot be seen on x-ray).  




8)
This is a generalized condition - all bones are soft.  




9)
X-ray:





a)
*looks like distance from metaphysis to epiphysis is increased (due to lack of ossification)





a)
flaring of metaphyses (trumpeting)





b)
frayed metaphyses ("paintbrush metaphyses")





c)
deformities in wt-bearing bones due to softening (bow-legs, scoliosis).  Deformities do persist.  Vit D  corrects the process, but not the deformities.





d)
craniotabes - softened skull bones


6.
Calcium


a.
99% of body calcium is in the bones.  



b.
Absorbed in small intestine; rate is dependent on Vit D.  



c.
Incr calcium = decr phosphorus in serum



d.
Decr calcium = incr phosphorus



e.
Calcium absorption is inhibited by:  excess fat, biliary problems, oxalic acids, acid medium in small intestine, probably lack of sufficient acidity in stomach, increased intestinal motility.



f.
Parathormone acts on kidney tubules and controls rate of resorption of phosphorus, which then affects serum calcium level.  (Parathormone makes kidneys excrete more phosphorus, making serum phosphorus lower, which makes serum calcium higher by calcium coming out of the bones.)



g.
Deficiency:  osteoporosis


7.
Phosphorus


a.
80% of body phosphorus is in the bones.  



b.
Absorbed in small intestine; rate dependent on Vit D and sodium.  



c.
If there is excess calcium in the small intestine, and insoluble phosphate will be formed.  This is not absorbable.  Elim in feces. 



d.
Serum phosphate level regulated by kidneys.  Normally 85-95% of body phosphorus is reabsorbed by kidney tubules (defic not likely).



e.
Incr urinary phosphate levels in high protein diet and in hyperparathyroidism.



f.
Phosphate excretion is incr by estrogens and parathormone and renal tubular disease.



g.
Phosphate excretion is decr by growth hormone, vit D, glucocorticoids, renal glomerular dis, pregnancy, hypoparathyroidism.


8.
Malabsorption diseases


a.
Intake of a nutrient is adequate, but it is not absorbed.  Celiac disease, etc.

HORMONAL FACTORS

1.
Growth hormone (pituitary)


a.
Deficiency - Lorain dwarfism



Small scale, good proportion, normal mentality, immature sexually.



b.
Excess:




1)
Before bone maturation complete (gigantism)




2)
After bone maturation complete (acromegaly)





a)
no significant incr in bone length.  






creates enlarge cartilage plates of articular surfaces and enlarged intramembranous flat bones.





b)
X-ray:






( enlarged hands and feet






( prognathous (jutting) jaw, resulting malocclusion






( thickened cranial vault, esp occipital and frontal bones, prom EOP






( incr in size of sinuses, esp frontal and mastoid






( incr supraciliary ridge (prominent brow)






( thickening of long tubular bones






( spade-like terminal tufts at distal phalanges






( widening of joint spaces esp hands and feet






( *marked DJD






( spine: cartilage overgrowth and incr disc space, but not the expected spurs






( enlarged sella turcica






( can show megacolon






( "heel pad" sign:







lat foot x-ray:  Soft tissue between calcaneus and plantar skin surface







 is normally 20-30mm.  In acromegaly, it is much thicker.


2.
Thyroid


a.
Infantile deficiency - cretinism



1)
no other disorder causes as severe a delay in ossification.




2)
delayed maturation and growth and irregular ossification.




3)
delayed dentition (development and eruption)  (subject to caries).




4)
delayed fontanel closure.  Wormian bones in sutures of skull.




5)
classic sign in femoral epiphyses delayed and deformed:  multiple, small ossification centers.  when formed, looks flattened, similar to Perthe's.




6)
dwarfism, if survive




7)
mental retardation




8)
oversized protruding tongue




9)
megacolon



b.
Juvenile hypothyroidism - similar, but not as severe



c.
Thyroid acropachy (rare, may occur some years after thyroidectomy - pts are hypothyroid or euthyroid).




1)
periosteal calcification (diaphyseal, sense and solid) affecting metacarpals and phalanges.  May also affect radius, ulna, tibia, fibula, whiskery calcif of post calcaneus.




2)
swelling of fingers and toes, pretibial myxedema




3)
periosteal calcif is most intense beneath greatest soft tissue swelling.  May be spiculated, but is very dense.




4)
dd:  hypertrophic osteoarthropathy



d.
Excess (hyperthyroidism)




1)
no classical x-ray findings




2)
possibly early maturation, but normal contours, accelerated skeletal development, generalized demineralization, esp in older children.


3.
Thyrocalcitonin



a.
produced by thyroid gland)



b.
inhibits osteoclastic bone resorption; therefore decreased serum calcium.


4.
Parathormone


a.
produced by parathyroid glands



b.
stimulates osteoclasts (perhaps by causing an increase in citric acid).  Osteoclastic activity causes bone resorption and remodeling, thus dumping calcium out of bone and into serum.



c.
increases urinary excretion of phosphates, probably by interfering with tubular resorption.  This makes serum phosphorus lower, which makes serum calcium higher.



d.
inhibits vit D effects on bone, thus keeping calcium in serum.



e.
promotes calcium and phosphorus absorption at intestinal mucosal level.



f.
hyperparathyroidism



1)
overactivity of the parathyroid gland:




2)
Primary: parathyroid adenoma (90% of cases), carcinoma, hyperplasia, etc.





Elevated levels of parathormone, hypercalcemia, and hypophosphatemia.





Elevated parathormone stimulates osteoclastic resorption, liberating calcium and phosphorus into the bloodstream.  Phosphorus is more readily excreted and calcium is retained, resulting in hypercalcemia and hypophosphatemia.




3)
Secondary: chronic renal disease, allowing for persistent loss of calcium; phosphorus stimulated parathormone release.  A combination of calcium loss and abnormal renal vitamin D formation creates continuous hypocalcemia and increases the release of parathormone and bone resorption.




4)
Tertiary: In dialysis patients the parathyroid gland may act independently of serum calcium levels.




5)
Clinical: Female 30-50 (F 3:1)     Weakness, lethargy, polydipsia, polyuria.




6)
Mechanism: osteoclastic/osteocytic resorption and replacement w/fibrous tissue; soft, fragile bone.  Radiographic hallmark, therefore, is subperiosteal bone resorption of the outer cortex and entheses.  Occasionally, the accumulations of fibrous tissue contain giant cells producing cyst with hemorrhage and therefore look brown to gross examination: brown tumors.




7)
Radiographic:





(
Subperiosteal resorption, esp: radial margins of middle and proximal phalanges of 2nd and 3rd digits of the hand, medial metaphysis of humerus and tibia, under surface of distal clavicle, trochanters, and tuberosities, A-C joint, symphysis pubis, S-I joints.





(
Decreased bone density.  Granular appearance.





(
Accentuated trabecular patterns.  Non-essential trabeculae are resorbed, and those that remain appear more prominent.





(
Loss of cortical definition.  Subperiosteal resorption with imperceptible merging of cortex and medullary cavity.





(
Subligamentous bone resorption.





(
Brown tumors.  Central, slightly expansile, lightly septated.  Mimic expansile neoplasm.  May heal.  Favored sites include mandible, pelvis, ribs, and femurs, but any bone may be affected.





(
Soft tissues calcifications:  kidney stones, articular (chondrocalcinosis), muscular, vascular (small blood vessels), and visceral organs (salivary glands, pancreas, lung, prostate).





(
Skull:  diffuse granular deossification: salt & pepper skull.  Inner & outer tables lose definition  Resorption of lamina dura (cortical bone around tooth sockets).  Basilar invagination rare. 





(
Spine: Deossification and trabecular accentuation.  Endplate concavities, subchondral condensation (rugger-jersey spine).  Irregular endplates due to multiple Schmorl's nodes.





(
Pelvis: Subchondral resorption at S-I and pubic articulations, mimics erosive spondyloarthropathies like AS.





(
Shoulders: Resorption of distal clavicles; appears indistinct and frayed.




8)
Tertiary form of hyperparathyroidism is associated with a destructive progressive systemic arthropathy called dialysis-related arthropathy, DRA).  Periarticular cysts and erosions, loss of joint space and articular surface, osteopenia.  Affects 40% of dialysis patients.




9)
5-15% of long-term dialysis patients develop dialysis-related spondyloarthropathy, DRSA, on top of the peripheral DRA that they already have.  Usually takes 3-5 years to develop.  Most common in cervical spine.  Prox 30% remain asymptomatic, and 20% develop cord compression, which can be fatal.  Radiographic appearance is like severe rheumatoid variants or even infection.  Once begun, rapid progression is common.


5.
Gonadal Hormones


a.
Estrogens and androgens have an anabolic effect on bone.




1)
Effects:






a)
inhibit parathormone, depressing bone resorption, therefore calcium stays in bone.





b)
stimulate formation of bone by anabolic protein effects (osteoid).





c)
accelerate bone growth and maturation.




2)
Deficiency:





a)
If surgical removal or atrophy from disease occurs before skeletal growth is complete, it results in delay of epiphyseal closure.  Therefore, bones become long and slender and usually osteoporotic.  "Eunuchoidism"




3)
Excess:





a)
Precocious puberty can cause rapid skeletal growth and early fusion of the epiphyses, resulting in some degree of dwarfism.


6.
Adrenal Cortical Hormones (also corticosteroid drugs)



a.
Deficiency:  (Addison's disease)




1)
90% of adrenal cortex must be destroyed to produce this syndrome.




2)
delay in skeletal growth




3)
about 25% of these patients will show calcification in the adrenal glands.




4)
calcification in pinna of ear and in rib cartilages.  (This can be a normal variant.)



b.
Excess:  (Cushing's syndrome)  (also caused by cortisone therapy)




1)
virilism of female or male




2)
if prior to cessation of skeletal growth, causes accelerated skeletal maturation, leading to dwarfism (like gonadal hormones).




3)
unlike gonadal hormones, however, an excess of adrenal cortical hormone causes osteoporosis.  This is due to the profound effects of the glucocorticoids on protein catabolism (lack of protein osteoid matrix).




4)
systemic corticosteroids:





generalized osteoporosis.  Pathologic fractures which heal with extensive callus formation.  Collapse of vertebral bodies with condensation of endplates and infractions of ribs are particularly characteristic and are relatively asymptomatic (steroid-induced lack of normal plain response).

TOXIC EXPOSURES

1.
radiation (described above under osteonecrosis)


2)
heavy metals (lead, phosphorus, bismuth)



a.
clinical: abrupt onset of abdominal pain, encephalopathy, paralysis



b.
linear, dense, transverse metaphyseal bands


3)
fluorosis



a.
critical levels:




(
1ppm: reduces dental caries




(
2ppm: can precipitate mottling of tooth enamel




(
6ppm: osteosclerosis in 10% of individuals




(
100ppm: growth disturbances, kidney damage, or death



b.
high levels can be endemic in certain areas (India, China)



c.
other causes: industrial exposure, fluorine meds, high intake of wine



d.
radiologic:




(
initial osteopenia




(
later sclerosis, growth arrest lines, exuberant vertebral hyperostosis, ligamentous calcification, periostitis

OTHER FACTORS AFFECTING BONE

1.
congenital cardiovascular disease



a.
poor nutrition and oxygenation.  Small stature.


2.
renal disease



a.
glomerular disease




1)
decreases phosphate excretion, due to inadequate vascularization.



b.
tubular disease




1)
increases phosphate excretion.




2)
diseased tubules can't do their normal job of reabsorbing 85-95% of body phosphorus, so phosphorus goes out in urine.





This naturally affects serum calcium concentration, thus having a back-up effect on parathormone and all the other factors.
