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Skeletal Disorders and Dysplasias

Skeletal Dysplasias


Achondroplasia

Cleidocranial Dysplasia 


Fibrous Dysplasia


Sclerosing Dysplasias

Spondyloepiphyseal Dysplasia
Marfan’s Syndrome
Neurofibromatosis
Osteogenesis Imperfecta
Osteoporosis and Osteomalacia
Paget’s Disease
ACHONDROPLASIAPRIVATE 


1.
most common congenital dwarfism, autosomal dominant


2.
trunk relatively normal, long bones markedly shortened, esp the prox ones (rhizomelia).


3.
foramen magnum is small; progressively narrowing interpedicular distance toward caudal end of spine, predisposing to a adult stenosis.


4.
radiologic:



a.
symmetric shortening of all long bones, with prox portion being most affected.



b.
bone ends splayed, with metaphyseal cupping.



c.
tubular bones of hands and feet short and thick



d.
fingers all the same length, with separation of third and fourth digits ("trident hand")



e.
ribs short, not extending around the thorax



f.
pelvis is small; acetabulae horizontal



g.
angular kyphosis at thoracolumbar junction common



h.
"champagne glass" pelvis

CLEIDOCRANIAL DYSPLASIA



1.
uncommon autosomal dominant disorder causing faulty ossification of intramembranous bones; skull and clavicle, plus midline defects.


2.
frequent hearing loss due to structural abnormalities of ossicles; severe dental problems.


3.
radiologic:



a.
multiple wormian bones in the skull



b.
many facial and skull anomalies



c.
hypoplasia or complete aplasia of clavicle

Descriptive Summary:

A dysplasia in which normal bone undergoes resorption and replacement with abnormal proliferation of fibrous tissue.

Incidence:
Not uncommon; however, incidence is difficult to determine, since most lesions are asymptomatic and are therefore never discovered.

Clinical:
Skeletal lesions not present at birth; they occur several years prior to puberty - ages 8-14 years.


M = F


Most lesions are asymptomatic.


2 forms:


1.
monostotic (one site)



a.
Most commonly found in ribs, prox femur, tibia, skull

2.
polyostotic.

a.
Café-au-lait spots present in 30% of patients (irregular margins = “Coast of Maine”)


(Note: People without disease may by chance have a café-au-lait spot; 15% of normal population have 1 or 2 café-au-lait spots; 1% of the normal population may have more than two)

b.
May rarely occur in vertebrae; if so, affects the vertebral body.

c.
Two unusual variants may occur:


1)
McCune-Albright syndrome



Polyostotic fibrous dysplasia, skin pigmentation, and precocious sexual development



(this variant is found almost exclusively in females)


2)
Cherubism



Familial fibrous dysplasia of the jaws

Radiologic:
Most lesions are radiolucent, loculated, or trabeculated due to fibrous-based matrix with scattered bony spicules intermixed.

“Ground glass appearance”

Encapsulated  sclerotic border around geographic radiolucent lesion; this margination may be thick = “rind”

Bone expansion with widening of the medullar canal, endosteal thinning and scalloping.  

Can create expansile lesions of the ribs.

Another “great imitator.”

Complications:
May have bowing (another cause of “Shepherd’s crook” deformity in prox femur)

May possibly result in pathologic fx because fibrous tissue is not as strong as bone.

Fracture may result in non-union and pseudarthrosis.

Sarcomatous transformation is rare: 0.5%.  Femur and skull are target sites - usually fibrosarcoma and osteosarcoma.

MARFAN'S SYNDROME

1.
autosomal dominant condition producing long slender tubular bones, ocular abnormalities, and aortic aneurysm.


2.
arachnodactyly


3.
radiologic:



a.
long slender extremities



b.
arachnodactyly



c.
spool vertebrae



d.
severe scoliosis or kyphoscoliosis common

Neurofibromatosis

Descriptive Summary and Etiology:

An inherited disorder (autosomal dominant) resulting in cutaneous and neural tumors.

Incidence:  1:3000 births.  60% have family history.

Clinical:
1.
Triad is characteristic:

a.
café-au-lait spots in 50% of cases (smooth-bordered “Coast of California”


(the presence of 6 or more café-au-lait spots measuring 1.5cm or more is considered diagnostic of neurofibromatosis.)

b.
fibroma molluscum (rubbery skin nodules, tags and tumors) - asymptomatic


(may be extreme, and the large thick soft tissue folds are called “elephantiasis neuromatosa”)

c.
osseous deformities due to pressure contortion and erosion (present in 50%).

2.
M = F

Radiologic:
Neural tumors (and dural ectasia) cause bone deformities due to pressure.  Examples:

1.
kyphoscoliosis in 50% - usually lower thoracic spine, may be acutely angular, only involves 5-7 segments.

2.
scalloping of posterior vertebral bodies

3.
enlargement of foramina due to dumbbell neurofibromas squeezing out of intervertebral foramina.

4.
eccentric paraspinal mass

5.
scalloping of ribs - “twisted ribbon” appearance

6.
focal giantism

Complications:

Very severe deformities.

Unilateral agenesis or hypoplasia of sphenoid portion of posterior wall of orbit, allowing temporal lobe of brain to herniate through, causing pulsating exophthalmos.

Renal artery stenosis, creating hypertension.

Osteomalacia may rarely occur due to renal tubular dysfunction.

1% have pheochromocytoma (sympatho-adrenal tumor that produces catecholamines = hypertension, which may be paroxysmal [attacks of pounding headaches, sweating, palpitation, apprehension, flushing, nausea, vomiting, tingling of extremities]).  20% of pts with pheochromocytoma have neurofibromatosis.

OSTEOGENESIS IMPERFECTA


1.
inheritable disorder of connective tissue with wide spread abnormalities; likely autosomal dominant.


2.
four diagnostic criteria (only two need to be present):



a.
osteoporosis with abnormal fragility of the skeleton



b.
blue sclerae



c.
abnormal dentition



d.
premature otosclerosis


3.
generalized ligamentous laxity, episodic diaphoresis, abnormal temperature regulation, easy bruising, hyperplastic scars, premature vascular calcification


4.
Osteogenesis Imperfecta Congenita


a.
high rate of still births and infant mortality


5.
Osteogenesis Imperfecta Tarda


a.
normal life expectancy 



b.
many, many fractures and growth retardation

Treatment

· Vitamin C: 1000 mg/day to 20-50 mg/day for up to 3.5 years. Uncontrolled studies:  reduced the development of new fractures by more than 70%

Osteoporosis and Osteomalacia

Alternative Names: 
Can be called “senile” or “postmenopausal” osteoporosis.  Better term: “Osteoporosis, compatible with the patient’s age.”
DESCRIPTION AND ETIOLOGY 

Osteomalacia:  Lack of osteoid mineralization, leading to generalized bone softening.  Framework osteoid is present; it just isn’t well mineralized.  Causes include, poor dietary intake, diminished absorption, renal disease, etc.  Lack of calcium and vitamin D are common.

Osteoporosis


Osteoporosis refers to a condition where there is a decrease in bone mass in relation to bone volume, i.e. decreased bone density. Osseous tissue consists of 85 per cent cortical and 15 per cent trabecular bone. Osteoporosis causes a predominant loss of trabecular bone, particularly in women. Fractures secondary to osteoporosis occurs primarily in the axial portion of bone, which contains relatively more trabecular bone. 


Osteoporosis is a significant cause of morbidity and mortality. An individual who sustains a hip fracture due to osteoporosis is at a 5% to 20% increased risk of death within one year following the fracture compared to other individuals in the same age group. A hip fracture results in a change from independent living to institutionalized care in 15% to 25% of individuals measured at one year after the injury. The calculated national cost in direct expenses for fractures caused by osteoporosis is $27 million each day in the US. 


Osteoporosis may have scores of causes:  alcoholism, other malnutrition and malabsorption syndromes, endocrine problems anemia, hyperparathyroidism, multiple myeloma, steroid therapy, systemic inflammatory arthritides, immobilization and any reason for 

disuse, kidney disease, multiple congenital syndromes. etc. 

Regionalized Osteoporosis

Same process as generalized osteoporosis, except that it affects a body region instead of the entire skeleton.

3 main types:

1.  Reflex Sympathetic Dystrophy (RSD, now called complex regional pain syndrome Type I)


(See extensive notes from Diagnostic Imaging NM 8213)


A poorly-understood neuropathic pain syndrome, autonomic nervous system-mediated, that is due to trauma, but the trauma may be surprisingly trivial.  If it persists, it results in regional osteoporosis, which has been called “Sudeck’s atrophy.”

2.  Dis-use and Immobilization Osteoporosis:  injuries, motor paralysis, inflammatory lesions of bones and joints

3.  Transient Regional Osteoporosis:  Unknown etiology! - (perhaps autonomic nervous system dysfunction?).  Sudden and 

      reversible. Affects periarticular bones. Two entities:

a.  Transient Osteoporosis of the Hip (TOH):  Age group 20-40 , males predominant or associated with pregnancy in females, 


left hip exclusively! Marked osteoporosis of the femoral head; less severe in femoral neck and acetabulum.


b.   Regional Migratory Osteoporosis:  Males most common affected. Usually lower extremities.  Localized, regressing, migratory osteoporosis.

Epidemiology:

Osteoporosis is a common condition affecting more than 25 million individuals in the US each year and causing 1.5 million fractures each year. Osteoporosis causes fractures in 40% of women, including 300,000 hip fractures, 500,000 vertebral fractures, and 200,000 wrist fractures annually. Nearly 100% of women in the US have demonstrable osteoporosis by the age of 80 years. The three main hormones that directly regulate bone calcium are PTH, Vitamin D, and calcitonin. Osteoporosis is approximately 8 times more likely to affect women than men. 

Risk factors for osteoporosis:

· Nutritional Factors:

· Deficiency of calcium, magnesium, Vitamin C, Vitamin D, Vitamin K, Boron or Manganese

· Excess Vitamin D, Vitamin A,  phosphorus intake:  carbonated beverages (phosphoric acid), meat, lecithin, brewers yeast

· Dietary Factors:

· Deficient dietary protein  or excess dietary protein: acidic (sulfur-containing) amino acids

· Increased ingestion of sugar, caffeine, alcohol or salt (1 teaspoon/day of salt causes a 1.5%/year bone calcium loss) 

· Excess ingested acids and acid ash diet

· Increased ingestion of aluminum (common ingredient in antacids and table salt- anticaking),.  1tsp salt per 

day of aluminum salt causes 1.5% loss of bone density per day.

· Lifestyle Factors:

· Decreased exercise and decreased weight bearing activity 

· Tobacco use

· inactivity

· nulliparity

· Constitutional Factors:  leaness, genetic factors

· Malabsorption (celiac disease, GI surgery, GI disease, or deficient bile secretion) 

· Many drugs (corticosteroids and related steroids, heparin, anticonvulsants)

· Endocrine Factors

· PTH disorder: increased PTH (caused by phosphorus excess or magnesium deficiency)or deficient PTH 

· hyperthyroidism

· calcitonin deficiency

· corticosteroid excess

· GH deficiency

· decreased estrogen and progesterone in women

· decreased  testosterone in men

· eating disorders:  anorexia nervosa, bulemia

· renal conditions affecting 1,25 (OH)2 vit. D

Pathophysiology:

The pathogenesis is not completely understood:  combination of hormones, heredity, activity, diet, aging of system that 

balances osteoblastic/osteoclastic activity.

SIGNS AND SYMPTOMS

Osteomalacia: Muscle weakness, bone pain, deformities.  This is like adult rickets.

PE AND LAB

Essential: 

Other systems: 

Laboratory Tests for Osteoporosis

· Radiologic:

· Osteopenia:  Coarsening trabecular patterns, Loss of cortical definition, Pseudofractures (incomplete fractures involving only one cortex).  Deformities such as bowing, due to softening.

Note: The decreased bone density and coarsened trabeculae would look radiologically like osteoporosis, but the loss of cortical definition and especially the pseudofractures and deformities would be the differential.  Also, there’s a more obvious clinical picture of ill health.

· Increased radiolucency:  The correct radiologic descriptor is “osteopenia,” which describes, in the narrative body of the radiologic report, bone that is not as radiologically dense as expected.  The suspected cause for this appearance would then be listed at the end of the report as an impression.   In other words, there may be osteopenia noted because of osteoporosis.  [Note that the term “osteopenia” is commonly used - although a technically-incorrect usage - as a DXA diagnosis to mean bone mass that is 1 SD below normal, whereas the term “osteoporosis” is used on these DXA reports to mean bone mass that is 2.5 SD below normal.  To avoid confusion, the term hyperlucent can be used as a descriptor in a radiologic report.]

· Cortical thinning.

· Accentuation of stress-related bone trabeculae because less-vital trabeculae are resorbed first, and principle tensile trabeculae are preserved. In vertebrae, vertical trabeculae are accentuated, sometimes producing a “pseudohemangiomatous” appearance.

· May have biconcave vertebrae because any relatively healthy discs that are left are now stronger than the vertebrae.

· Endplate infractions.  Schmorl’s nodes.

· Insufficiency fractures.  Similar to stress fractures.   Stress fractures are incomplete fractures that result from abnormal force on normal bone, whereas insufficiency fractures are the same type of incomplete fractures that result from normal stress on abnormal bone.)  Common sites are sacrum, pubis, medial femoral neck, tibia, calcaneus, metatarsals.

· Frank fractures:  hip and vertebral compression fractures are the most common.  Remember that elderly patients with hip fracture may be able to walk into your office!

· DEXA (Dual Energy X-ray Absorptiometry) bone densiometry evaluation [30%-40% of bone calcium is lost before osteoporosis becomes evident on routine radiographs].  DEXA should be performed at perimenopause.  Not accurate to measure changes within 2 years.  Unfortunately, it is not a common practice to perform DEXA on women while they are accumulating bone density.

· NTx test (urinary N- Telopeptide of Type 1 Collagen), measures hypocollagen secretion in the urine as a measure of osteoclastic bone loss and is not a measure of bone density. NTx can be measured 4 weeks after the onset of therapy.  However, a baseline test needs to be established prior to treatment.  (abnormal >38,  goal of therapy is to lower NTx below 38)

· Urinary hydroxyproline/creatine is used as an indicator of osteoclastic bone loss. Deoxypyridinium (D-pyd) and pyridinium (pyd) are other indicators of osteoclastic bone loss 

· Serum calcium 

· Serum phosphorus and chloride (CI/P ratio> 33 suggests hyperparathyroidism) 

· Serum estradiol (post menopausal):  N is 50-150 for women on HRT (see Hargrobb in refs p 97, #196; this range will not be reported by laboratories)

· Serum PTH 
· Serum alkaline phosphatase (reflects the amount of bone tissue activity) 

· 24 hour Urinary calcium (Sulkowitch test):  titration test based on the # of gtt of reagent to cause the serum to become cloudy, thus it can be performed in-house.

· 24 hour Urinary sodium (Fantus test):  Actually measures Cl- secretion.  Most Na and Cl is ingested as NaCl,the form of sodium that seems “pathogenic.”  Can be performed in-house.

· Trace mineral analysis 
Diagnositc Criteria

ICD-9-CM

DDX: 

TREATMENT

The risk factors for osteoporosis discussed above should be evaluated. Treatment considerations include dietary and supplemental calcium, magnesium, manganese
 , boron
, Vitamin D
, and Vitamin K
. Micorcrystalline hydrpxyapatite concentrate (MCHC) is derived from bone tissue and has been shown to increase cortical bone thickness. Other treatment considerations include weight-bearing exercise, UV light exposure, and prudent diet. Endocrine factors that promote bone density worth considering include growth hormone (arginine/ornithine), estrogen, progesterone, and androgens (testosterone and DHEA). Traditional natural therapies for osteoporosis include Equisetum arvense (herb), estrogenergic botanicals, and dietary phytoestrogens.
 Ipriflavone (7 -isogropoxyisoflavone) has shown positive results in the prevention and treatment of osteoporosis. Ipriflavone (200mg 3 times/day) has demonstrated efficacy in the prevention of bone loss in postmenopausal women, particularly when combined with hormone replacement therapy.
 Treatment efficacy can be monitored with periodic urinary tests measuring bone loss. 

Lifestyle Therapeutics 

· Attempt to minimize exposure to aluminum, lead, cadmium, and tin.

· Resistance exercise

Dietary Therapeutics: 

· Avoid refined sugars, caffeine, soft drinks; limit alcohol intake to moderate amounts. 

· Use animal protein in moderation. 

Nutrient Therapeutics
Dr. Michael Murray recommends four  levels of nutient therapeutic intervention based on conditions severity:

1. high potency multiple vitamin

2. add 400 IU D, 1-1.5 g calcium, 500 mg vit C, 6 mg tetraborate, 300(g vit K

3. add 200 mg ipriflavone tid ** Recent (2002) meta-analysis do not show benefit of Ipriflavone. 

4. add hormone replacement including progesterone even if the pt. had a hysterectomy due to the balancing effects of progesterone outside of the uterus. 

Nutrients suggested by Dr. Alan Gaby:

· Vitamin D, 200-1,000 IU/day. Prevention and treatement of osteoporosis, osteomalacia, rickets

· Vitamin K, vitamin K1:  150-1,000 (g/day, vitamin K2 :  45 mg/day.  Prevention and treatment and has been shown to reduce urinary calcium secretion in postmenopausal women (uncontrolled rial).  Supplementation with metetrenone (vitamin K2,45 mg/day) reduced bone loss and fracture incidence in postmenopausal women (controlled trials).  However, additional studies are needed to determine the long-term safety of high-dose vitamin K2.

· Calcium, 600-1,200 mg/day, depending on dietary intake.  Controlled studies:  Supplementation slows the progression of osteoporosis.  The effect is most pronounced in people whose dietary calcium intake is low.

· Magnesium, 300-600 mg/day.  Uncontrolled trials:  Magnesium supplementation may increase bone mineral density in postmenopausal women, even without supplemental calcium.

· Betaine hydrochloride, 10-40 grains per meal
if hypochlorhydric.

· Ipriflavone, 200 mg, 3 times per day.  This synthetic flavonoid has been shown to prevent or reverse bone loss in postmenopausal women (double-blind trials). The mechanism of action is unknown, but it does not appear to be due to an estrogenic effect.

Supportive Nutrients

· Essential fatty acids:  both omega-3 and omega-6


· Folic acid, 0.4-5 mg/day.  Theoretical:  prevention of osteoporosis through regulation of homocysteine

· Vitamin B6, 10-50 mg/day.  Theoretical:  Possible prevention of osteoporosis by improving homocysteine metabolism

· Vitamin C, 100-1,000 mg/day


· Copper, 2-3 mg/day for 2 years.  Controlled trial: prevented bone loss in middle-aged women, both pre- and post menopausal.  Increased osteoclastic activity.

· Zinc, 10-30 mg/day


· Manganese, 5-20 mg/day.  Preliminary evidence suggest that manganese deficiency is common in women with osteoporosis and contribute to the pathogenesis of the disease.

· Boron, 0.5-3 mg/day.  Uncontrolled trials:  Administration to postmenopausal women consuming a low-boron diet reduced urinary calcium excretion and prevented the decline in serum concentrations of 17-(-estradiol and testosterone.  However, boron is usually not effective as a treatment for menopausal symptoms (clinical observation)

· Silicon, 1-2 mg/day.  Animal studies demonstrate  prevention

· L-lysine, 400-800 mg/day.  Uncontrolled trial:  Increased intestinal calcium absorption and reduced urinary calcium excretion in women.  Lysine may therefore help prevent osteoporosis, although longer-term studies are needed

· Strontium, 0.5-6 mg/day.  Can replace calcium in the calcium hydroxyapaptite crystal.  Having occasional strontium in MCHA tends to strengthen bones.  Necessary for hardening teeth as well.

Pharmaceutical Therapeutics: 

· Hormone-replacement therapy:
Treatment with estrogens, progesterone, DHEA, and/or testosterone may be indicated in selected patients.

· Fosamax should be considered if there is a high risk of breast cancer where HRT is contraindicated
COMPLICATIONS/REFERRAL GUIDELINES

REFERENCES:

Paget’s Disease
Descriptive Summary and Etiology:

Disordered bone destruction and replacement.

Etiology is unknown - most likely theory suggested currently is a measles-like virus.

Incidence:
3% of adult population >40



higher incidence in north than in south US

Clinical:
2:1 M

Rare before 40; most common after 55            90% asymptomatic.

Pain, when present, is low-grade and may be because of bowing or fractures

Increasing hat size is common, because of enlarged calvarium.

Most common bones: pelvis, vertebrae, clavicle, humerus, ribs

Pathologic Features:  3 stages (+1)
1.
osteolytic/destructive (monophasic)

2.
combined/mixed (biphasic)

3.
sclerotic/ivory

(4.
malignant degeneration [possible in 0.9 - 2%])

Radiologic:


Most commonly:

Cortical thickening; bone expansion; bizarre, disordered and thickened bone trabeculae.

When in long bones of extremities, usually starts at one end and works its way inexorably to the other end.

Because of both lytic and blastic presentations, it has been called the “great imitator” of bone diseases.

Pelvis:
Enlargement, frequently unilateral, thickening of iliopectineal line, obliteration of Kohler’s teardrop, brim sign.

Spine:
Enlarged vertebrae with thickened cortex, “picture-frame vertebra.”

May produce “ivory vertebra.”  (other causes of ivory vertebra are blastic mets and Hodgkin’s)

Skull:

Early lesions are lytic, “osteoporosis circumscripta”



Advanced lesions are mixed “cottonwool appearance”

Long bones:
radiolucent defect, subarticular, extending down shaft in a “candle-flame” or V-shaped appearance called the “blade-of-grass” appearance.

Bone scan is hot (increased uptake of radionuclide isotope).

Lab:
Increased urinary excretion of hydroxyproline.


Greatly elevated alkaline phosphatase - may be 20x normal!


Hypercalcemia may occur.

Treatment:


· vitamin C, 3 g/day for 2 weeks.  Uncontrolled study:  reduced bone pain (Gaby)

· Calcitonin, an osteoclast inhibitor

Prognosis:
Usually good, since 90% are asymptomatic.

Complications:

Deformities due to softening and bowing (“shepherd’s crook” appearance of bowed prox femur), pathologic fracture, pseudofractures, spinal stenosis due to vertebral enlargement, anemia due to fibrous replacement of bone marrow, ureteric colic in patients with hypercalcemia and hypercalcuria.

High-output cardiac failure is a rare complication that occurs when at least 1/3 of the skeleton is involved.

Malignant degeneration:
0.9-2% of cases.


Suspected upon onset of localized pain in a patient with known Paget’s.


Most common form is osteosarcoma.


Treatment is radiation therapy or surgical resection; however, 5-year survival rate is very poor (8%).
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