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1. General data:

   Name: 胡 X爵 先生            Chart No: 19728495

   Sex: Male                      Age 32 Y/O                    

   Marriage: not-married

   Date of admission: 89-1-4         Date of discharge: 89-1-11

2. Chief complaint: Painless hematuria & urinary retention & chest tightness for 1 week.

3. Present illness: 

A victim of congenital osteogenesis imperfecta and diagnosed since age 4 due to easy bony fracture and bony fragility. Patient was well when he was born and noted of sudden bony fracture at age 4 when he playing outside with his friend. He had been admitted at CGMH-Taipei (Lin-Kao) in April 1983 due to fibrous dysplasia or achondroplasia with pathological fracture. In 1992 CGMH OPD follow up. In 1992 CGMH-Kaohsiung diagnosed of osteogenic sarcoma. In 1995 Feb admitted at CKUH due to hematuria and hypercalcemia (Calcium 19.1, HTN) , then, transfer to CGMH-Taipei

for admission from 24th Feb to 2nd March 1995. Adrenal insufficiency, hyperuricemia, hypercalcemia

, and osteogenesis imperfecta were diagnosed. Whole body bone scan (Tc-99m MDP)-compatible with

OI. Bence Jones protein (-) Testosterone 0.30 (2.79-8.76 ng/mL), I-PTH 24.9 (10-65 pg/mL) Cortisol: 10.5 ug/dL (8-28) 1995-1997 irregularly follow up at CGMH-Taipei OPD with Allopurinol+Ditopax Tx. This time, he suffered from painless gross hematuria and urinary retention and anterior chest tightness for one week. He was sent to our SER for help and was admitted to GU section. 

4. Past and personal history:

  No family history of osteogenesis imperfecta noted in other members of the family.

  He was diagnosed of osteofibroma since age 4-years-old.

  He had been admitted at CGMH-Taipei in 1983 and 1995.

  He had been admitted at CKUH in 1995 due to hematuria and malignant hypercalcemia.

  No other systemic illness can be traced. No allergic history.

  No cigarette smoking and alcoholic drinking history.

5. Physical examination:

  Vital signs: BP: 110/70 mmHg, BT: 37C, PR: 101/min, RR: 20/min

General appearance: a generalized deformity man with small figure, with big but soft head and asym- 

                 metrical change of eye and low-set nose and irregularly –arranged teeth, short 

                 trunk with pigeon-chest, concaved abdomen, bowing change of both legs, he also 

                 had cardiovascular and pulmonary embarrasement.

Skin: dry turgor, yellowish pigmentation

Consciousness: clear mentality and good intelligence, well-communicated.

HEENT: marked deformity change of head with enlarged circumference and soft consistency., 

        asymmetrical set of both eyes, low-set nose, not anemic conjunctiva, not icteric sclera. 

        Hearing impairment (+), nasal obstruction (+), 

Neck: soft and short, no lymphadenopathy, no thyroid enlarged., no mass palpable.

Chest and lung: pigeon-chest (pectus excavatum), asymmemetrical expansion, No axilla 

             lymphadenopathy. Clear BS, no wheezing, no rhonchi, no basal rales.

Heart: No murmur, RHB.

Abdomen: concaved and soft. No tenderness, no mass palpable, hypoactive bowel sound.

Extremeties: short and asymemtrical bony change, bowed-shin over his left leg.

           Walking disability, no pitting edema. Decreased muscle power over both legs.

Back and spine: marked kyphoscoliosis, knocking pain (+).

6. Laboratory finding:

CBC:   WBC:    RBC:   Hb     Hct     N/L      MCHC      MCV

890103  6000    4.05    12.2    38.5     75.8/20.9  31.6        95.0 

890105  7300    3.52    10.9    31.5     87.1/10.2  34.7        89.4

890107  7300    3.73    11.2    32.8     83.6/12.6  34.2        87.9

890110  6000    3.69    11.1    32.2     77.9/17.4  34.3        87.2

UR:       PH   WBC    RBC   Blood  Leukocyte   Sugar    Protein

890103    6.5           numerous  3+     2+         -       3+                          

Biochemistry

        BUN  Cr   Ca    P     Cl   GluAC  Na    K    GOT  GPT      

890103  47.3  0.87  17.45  4.14  98.9  72.5   138.7  4.54   23.4  17.6

890104             14.9   4.0   102.9       138.5  3.79

890104             15.03                   138.6  3.8

890104             15.5                    136.5  3.84

890104             14.2         102.7       137.0  3.45

890105  48.1  0.96  14.69         98.1       137.7  3.70  20.6   11.6          

890105             15.38         99        140.4  3.74

890105             15.79              
    140.5  3.78

890105             15.8                  138.8  3.87

890106             14.18        98.7      137.5  3.26      

890108             15.3         101.0     140.6  3.48

890109             14.3         105.2     140.6  3.20

89-1-5 Osteocalcin >320 ng.ml (1.8-6.8)  89-1-6 Alk-Ptase 421 IU/L (25-80)

89-1-5     Uric acid: 15.06-

89-1-6 Mg: 2.7-2.2-2.1,  Prealbumin 16, A/G: 3.3/2.1

Hormonal studies: T3    T4    TSH   Cortisol  PTH-I  PTH-C

                ng/dL ug/dL  uIU/dL  ug/dL   pg/mL  ng/mL

890106          114   3.0    1.260

890110                              11.2     29.7   1.02

890110                              11.6    (10-65) (0.4-1.4) 

Chromosomal study: The clonal finding are 46,XY, [37]/45,-20[3].:The low percentage of cells with 

                  mosaic monosomy 20 should be suspected. The other aneuploid cells have 

                  randomly lost different chromosome and are not clonal abnormality.

EKG: VPCs, nonspecific ST-T changes
Echocardiogram: Grossly adequate LVP.

Radiologic finding:
Abdominal sonography: chronic renal parenchyma disease, bilateral renal and urinary bladder stone

                    , gall bladder stones and polyps.

Legs: Lt lower leg show diffuse osteosclerotic and radiolucent foci with thinning of cortex, and 

     expansion of medullary canal, and bowing deformity, more favor polyostotic fibrous dysplasia, 

     R/O sarcomatous change at Lt upper tibia. Rt lower leg show diffuse osteosclerotic and 

     radiolucent foci with thinning cortex and bowing of tibia, expansion of intramedullary canal, 

     anmd ground- glass appearance.

Bone mineral density (BMD): performed by Dual-energy X-ray Absortimetry (DXA): 

                        Gr IV to V osteoporosis.

Supine chest film: severe kyphoscoliosis of T-L spine, susp. diffused metabolic or  congenital

               bony disease of the thorax and right shoulder (R/O fibrosdysplasia), borderline 

               cardiomegaly, mixed alveolar and interstitial infiltration over both lungs.

CT of skull: see the picture

.   

Hospital course:

89-1-4 

S: His biochemistry data showed hypercalcemia (Ca: 17.5 mg/dl). Meta section was consulted and 

  took over the case. Then, he was transferred to ICU for intensive care. 

O: Lab: Calcium: 17.95

A: R/O Renal stone.with hematuria

   Malignant hypercalcemia.

   Generalized bony lesions, R/O Osteogenesis imperfecta.

P: 1. Consult Meta section and take over the case.

  2. Transfer to ICU for intensive care.

  3. Normal saline infusion 100 cc/hr + Lasix (20mg) 2 amps q6h + Calcitonin 50U sc bid + Bonefos

    1amp q8h x 3days then 2# bid for hyp[ercalcemia.

  4. Transamine 1 Amp q8h for hematuria.

  5. Other supportive Tx.

89-1-4---89-1-8 

S: mild SOB, ant chest pain resolved, hematuria became better.

O: Lab: Calcium: 14.5

A: Malignant hypercalcemia, R/O Hyperparathyroidism-induced, R/O diffused bony disease0-induced

  Osteogenesis imperfecta

P: 1. Keep above therapy

  2. Abdominal sonography + X-ray of leg

  3. Consult Oph & CV & ENT & Ortho & GU section.

  4. Arrange CT of brain & basal skull.

  5. Chromosome study. 

Oph section: Optic atrophy (OD), R/O Compressive optic neuropathy (due to bony deformity or  

           intracranial lesion)-radiographic evaluation.

CV section: VPCs-Mexitil 1# tid + Inderal 1# tid.

ENT section: Otomycosis, epistaxis with CHR, Cerunem impaction.bilateral hearing impairment &

           nasal obstruction.

Ortho section: Osteogenesis imperfecta with old multiple fractures-conservative Tx.

GU section: Renal and UB stones-hydration.

89-1-11 

Condition stable and MBD.

Final diagnosis

     Congenital osteogenesis imperfecta, R/O type III with Gr IV to V osteoporosis and severe 

     kyphoscoliosis of T-L spine.

     Malignant hypercalcemia, R/O diffuse bony lesion and immobilization-induced..

     Bilateral renal stones and urinary bladder stone with hematuria.  

     GB stone and polyps.

     Optic atrophy, OD, R/O compressive optic neuropathy.

     Hyperuricemia and anemia and hypoalbuminemia.

     Cerumen impaction and otomycosis and epistaxis and bilateral hearing loss.

     Diffuse bony diseases of thorax and shoulder and tibia & skull. 

                Osteogenesis Imperfecta (OI)
I. Introduction

Historical Review:

British Museum-Egyptian time-skeleton preserved.

U.H. Weil-modern time-summarized.

Smith, Francis, and Houghton-recorded in the comprehensive text.

Malebranche-first recorded case of OI.-like a man broken on a wheel.

Olause Jacob Eckman-first detailed clinical description of OI..

Velpeau-association of fracture with joint laxity.

Spurway and Eddowes-blue sclerae.

Adair-deighton-deafness.

Bauer-OI result from a generalized mesenchymal disorder.

Seedorf and Smars-Extensive and genetic analyses of OI.

Looser-OI as OI congenita and OI tarda.

Clinical Heterogeneity

OI is genetically and clinically a heterogenous disorder of bone and connective tissue characterized by osteoporosis, fragile bones, hyperextensible joints, dentinogenesis imperfacta (DI), bluish coloration of the sclerae, and adult-onset hearing loss.

Genetic heterogeneity and variable expressivity-limited number of clinical phenotypes will result from a large number of gene defects, variable expressively refers to quantitative and qualitative variation within each phenotypes.

Classification into subgroups according to the frequency of fractures, the extent of skeletal deformities, the presence or absence of DI, blue sclerae, and hearing loss, and the mode of inheritance-mendelian patterns of inheritance.

Sillence classification-Table 17-1

OI is sporadic in 1/3 cases and families in 2/3.

Distinctive OI Phenotypes.. 

1. Neonatal Lethal OI (Sillence type II; Bauze Severe OI)

Most extreme form, skeletal mass markedly decreased. Neonates suffer multiple gestational fractures causing shortened and deformed limbs and may sustain cerebral trauma and even dismemberment during delivery. 

Common radiologic –large, deformed cranium, broad, crumpled extremities (concertina deformity); beading of the ribs; and fractured vertebrae.

Children are hypotonic, feed poorly, and develop respiratory insufficiency shortly after birth.

The majority succumb within days or weeks from pulmonary failure.

Affects 10% pts and 20% families.

The birth of multiple affected siblings to apparently normal parents is well documented-recessive inheritance.

Autosomal dominant mutations been suggested as an etiologic factor.

Recurrent risk of 6% to 8 % was obtained-a family with one affected infant, subsequent pregnancies should be examined by ultrasound at the 16th to 18th week of gestation to determine whether the skeleton of the fetus is deformed or normal.

2. Severe Nonlethal OI (Sillence type III or progressive deforming; Bauze Severe OI)

At birth-fractures, deformity of long bones, molding of the calvarium, and elongated vertebrae pedicles recognized.

Natural history-marked growth retardation, frequent and deforming fractures of long bones and scoliosis with deformity of the chest wall ultimately lead to pulmonary insufficiency.

These individuals are wheelchair bound. Joint laxity is more marked.

Sclerae are typically white, annulus juvenilis or senilis is common, hearing loss may appear earlier owing to a greater degree of cranial deformity.

Occurs in 20% affected patients and 15% affected families.

Apparently normal parents may produce more than one affected offspring compatible with autosomal recessive inheritance.

Type III OI has been reported in dizygotic twins. Majortiy of severe cases are sporadic.

The sporadic case could also represent a new mutation, emphasizing the need for precise biochemical markers.

Prenatal diagnosis of type III OI made in 2nd trimester.

3. Moderate and deforming OI (Sillence type IV; Bauze Mild OI)

Between the severe and mildly deforming.

Common features-blue sclerae in infancy, which decrease to lighter hue in childhood and normal color in adults.

Individual with white sclera are the minority in moderate OI.

Moderate degree of growth retardation is usually present.

Deformity of the extremeties frequent necessitates bracing or a cane to assist ambulation.

Severe scoliosis may occur. Joint laxity is common.

Hearing loss occurs, 20% require aids.

DI is most often found in this group-type IVB (type IVA-no dental change).

These patients develop more skeletal deformity than that in type I OI.

Genetically heterogenous-majority-autosomal dominant inheritance, occurrence of sporadic cases suggested that new mutations may occur. Increased paternal age may contribute to a new mutation.

The presence of pts having 1st-degree relatives with minor connective tissue finding suggests that a co-dominant mechanism may exist.

4. Mild Nondeforming OI (Sillence Type I; Bauze Mild OI)

60% pts. Bone fragility and osteoporosis are mild and usually produce no skeletal deformity. Fractures are rarely present at birth (10% affected) and usually occur when the child abmulates.

Fracture incidence declines markedly after puberty.

Mild growth retardation and mild scoliosis.

Triangular facies are common, all have blue sclerae. 25% have DI.-group IA (Group IB-no DI).

Limited joint laxity is common.

Hearing impairment affects 70%, only 10% require hearing aid.

Mild OI inherited as an autosomal dominant trait. When it occurs as new mutation, the phenotype is transmitted as a dominant.

5. Related Skeletal/Connective Tissue Syndromes

Multiple fractures suggestive of OI, associated with clinical features of the other heritable disorders of connective tissue. Co-dominant inheritance of two gene defects.

Biering and Iverson-OI associated with Ehlers-Danlos syndrome (EDS)-a child with blue sclera. Lax skin, bilateral hip dislocatios, and fracture of vertebrae and both femur.

Other family-features of both OI and arthrochalasis multiplex (EDS VII).

OI-observed in 23 members of an Irish Kindred composed of 102 individuals in 4 generations-multiple fractures, osteoporosis, blue sclera, Marfan’s habitus, and aortic and mitral regurgitation-inherited the OI gene from his father and the marfanoid complex from his mother.

His sibling were affected with scoliosis, pectus excavatum, ligamentous laxity, arachnodactyly, osteoporosis, and the helmet-shaped skull of OI.

Arthropathic form of OI-14-year-old girl developed severe osteoporosis and generalized destructive joint disease resulting ankyloses.

6. Heritable Osteoporosis

Certain families with apparent transmissibility of osteoporosis also demonstrate evidence of connective tissue dysplasia-mild scoliosis, joint laxity and skin hyperelasticity, short stature, and mitral valve prolapse, but no OI or EDS.

Differential diagnosis

1. In neonate and infants: 

Hypophosphatasia congenital lethal form—severe bone disease.-osteopenia, micromelia, fractures, soft calvarium. Death may due to respiratory failure. Low alk-phosphatase in blood, bone, and viscera. Serum calcium is high-normal or elevated, and urinary phosphoethanolamine excretion increased.

Heritable chondrodystrophies-resemble lethal or severe OI-affected infants small size, facial 

  features, short limbs, and hypotonia.

Achondroplasia- craniofacial abnormalities with bossing and flattening of the bridge of the nose, 

  extremely short extremeties, and broad long bones having an abrupt widening at metaphyseal 

  ends. Horizontal acetabular roof, and narrowing interpeduncular distance in the lumbar vertebra. 

  Less marked reduction in height than severe OI.

Congenital spondyloepiphyseal dysplasia-short stature, abnormal; growth of the spine and 

  extremeties with normal-appearing hands and feet.

Achondrogenesis-dwarfism is severe, skull volume increased, micromelia, vertebral ossification 

  impaired, short ribs with lateral spur formation and irregular ossification.autosomal dominant.

2. In childhood:

Battered baby syndrome-soft tissue trauma, metaphyseal fractures, and periarticular calcifications, 

  evidence of phycosocial deprivation & child abuse.

Childhood hypophosphatasia-radiologic features of rickets including growth retardation, poor 

  cranial ossification with bossing, early shedding of teeth, rachitic rosary of the chest cage, 

  fractures, and widened epiphyses. Serum alkaline phosphatase remain low, urinary 

  phosphoethanolamine excretion increased. Autosomal recessive inheritance.

Congenital hyperphosphatasia-painful deformities of the extremeties and pathologic fractures, 20-40 

  folds elevation of alkaline phosphatase and high urine hydroxyproline excretion. Bone of the skull 

  irregularly thickened, long bones markedly increased remodeling, autosomal recessive trait.

Homocystinuria-marfanoid appearance with early onset of osteoporosis with fractures of the 

  vertebrae and extremeties. Children typically develop inferior subluxation of the lens, chest wall 

  deformites, kyphoscoliosis, slender extremeties, tall stature, and mental retardation.Subject to 

  lethal thromboses of major vessels.

Severe EDS variants-excessive joint laxity, mitral valve prolapse, osteoporosis with fractures in 

  adulthood.

Juvenial osteoporosis-as early as 4-5 years of age. Peripubertal onset of vertebral demineralization 

  with fracture, pain, and loss of height.

Malabsorption syndromes in children-associated with osteomalacia, fractures, and growth 

  retardation. Others: lymphoma, or leukemia with fractures and endocrine disorders including 

  hyperthyroidism, Cushing’s disease, and hyperparathyroidism.

3. In adults:

Mild adult hypophosphatasia with growth retardation, rickets, hyperthyroidism, 

  hyperparathyroidism, and hypogonadism, chronic renal disease, and unrecognized malabsorption.

Prevalence and Incidence

In all ethnic groups and races without a geographic predilection.

Incidence is underestimated—1:20000 to 1:60000 live births. Prevalence: 1 to 5 x 10-5. 

II. Detailed Clinical Features of OI

A. The skeletal system

1. Clinical Course of Long Bone Fractures

OI is a systemic disorder of connective tissue, fragile bones are dominant—associated with morbidity & mortality.

Most severe form of OI suffer fractures in utero and may succumb shortly after birth., or may survive with the handicap of severe skeletal deformity throughout their lives.

Marked fragility carries the risk of death, particularly from head trauma.  

Less severely-osteoporotic with deformity.

Milder types, type I and less severe type IV-minimal skeletal deformity-most  

common is anterior bowing of the distal tibia.

Fractures may be present at birth in 10% milder cases, usually occur between 

age 6 months and 3 years as child starts to stand and walk. Boys more than 

girls. Occasionally, the first fracture occurs at an older age, and rarely in the 

teens. Metaphyseal amnd epiphyseal are normal in milder form. Most fractures 

in children involve the lower extremeties-proximal or distal femur. Older 

children may inury distal forearm or fingers and toes. Skeletal deformities are 

more prominent in type IV-osteopenia and scoliosis more severe. Proximal 

femur—shepherd’s crook deformity, as the result of microfracture-depend on 

crutch or canes to assist in walking.

Children in type III OI are born with obvious cranial deformity and fractures 

of clavicles, extremeties, or ribs. Repested frecture and microfractures induce 

progressive deformity and may require immobilization of a limb or the trunk 

in a body spica cast. In more severe cases, progressive angulation of the neck of the femur , a 

saber-shin-like anterior angulation of the lower tibia, and lateral bowing or rotation of the 

humerus, radius, and ulnar.. Diaphyses of long bones is very narrow, widening to an enlarged 

and dysplastic metaphyseal-epiphyseal area. Clusters of small, scalloped irregularly calcified 

radiolucencies at the ends of long bones term popcorn calcifications-disappearance of the 

normal horizontal growth plate suggests a posttraumatic disturbance in endochondral 

ossification.

       Sillence 3 variants of lethal OI recognized radiologically:

Group A-marked shortened broad and rectangular crumpled limbs, strikingly impaired cranial 

        ossification, and short thick ribs with prominent beading.

Group B-similar to group A, ribs showed only occasional beading.

Group C-long bones are slender with multiple fractures and inadequately 

        modeling, and the beading of the ribs was less prominent than in 

        group A. 

Group 1-more severe than group B with calvaria and long bone showing no 

        modeling. 

Group 5 -is less severe than group C with normal long bones modeling and 

        Metaphyseal flaring.

       Non-lethal forms OI

       Fractures are 5-10 fold more frequent before puberty (91%)

       Decreased calcium stores and postmenopausal estrogen loss play a role.

       Fracture rate in postmenopausal females with OI is 7 fold than general population.

       Males > 50 y/o also increased fracture rate.

       Fractures in OI frequently transverse, at times subperiosteal & are painful.

       3 skeletal complications follow fracture: 1) severe angulation 2) nonunion 3) hyperplastic 

       callus.

2. Spine (Livesley PJ, etc. Spinal fusion in situ in osteogenesis imperfecta. International Orthopedics 1996;20(1):43-6.)

  Scoliosis-28% in milder forms to 43% in type III OI.

  Osteopenia and lax paraspinal ligaments lead to vertevral crush fractures (codfish deformity)

  Neurologic sequelae not present. Upper cervial cord compresison may cause death.

3. Skull

  Circomference of head is increased. Face present triangular appearance.

  Softening or early fracture of mandible produce type III malocclusion and mandible protrusion.

  Softneing of calvarium cause the Helmet or tam-o’shanter deformity with a palpable occipital 

  overhang.

  Prominence of the eyes and flattening of the forehead produce sunset sign sppearance. 

  Multiple wormian bones present.

  Basilar impression or platybasia may occur-responsible for hydrocephalus with dilation of 3rd and 

  lateral ventricles, upper and lower motor neuron lesions, cranial nerve abnormalities, and cerebellar 

  dysfunction.

  Cortical atrophy may be a consequence of macrocephaly. Distortion of venous sinuses seen.

4. Other skeletal abnormalities

  Protrusio acetabuli, coxa vara deformity, genu valgum. Various deformity of chest wall (pectus 

  excavatum and carinatum, asymmetry of the rib cage), posterior rib angulation.

  Multifocal reflex sympathetic dystrophy (RSDS) (Karras D, etc. Reflex sympathetic dystrophy syndrome and 

  osteogenesis imperfecta. A report and review of the literature. Journal of Rheumatology 1993;20(1):162-4.)

B. Other Connective Tissues

1. Joint Hypermobility (RaffML, etc. Joint hypermobility syndrome. Current Opinion in Rheumatology 1996;8(5):459-66.)(McPherson E, etc. Bruck syndrome (osteogenesis imperfecta. With congenital joint contractures). American J Medical Genetics 1997;70(1):28-31.)
70% underdevelopment of the ligaments. Most evident in younger patients, involve distal than 

  proximal joints. Troubolesome dislocations may occur at the hip, knee, ankle, or shoulder.

Muscle tone is poor. Pes planus is common.

2. skin

Diminished skin thickness.

Type I collagen production is diminished. Wound healing is normall.

Elastosis perforans serpiginosa noted.

3 Teeth

Dentinogenesis imperfecta in 25%, more common in severe bone disease

Opalescent brown teeth. Overmodified collagen molecule found, dentin has irregular tubular organization. Erosion and fracture of enamel exposing the dentin core.

C Other organs containing Type I collagen

1. Eye

 Blue sclerae-deficiency of scleral collagen with relative increase in the mucoid component of the 

 sclera.

 Corneal fiber diameter diminished. Diminished ocular regidity.

 Blue sclerae in type IV OI. Whiote sclera in type III OI.

 Blue sclerae also in other heritable disorders-EDS, certain variants of the Marfan syndrome, Menkes 

 syndrome.

2. Ear

Functional deafness 10% OI. Subtle defects 90%.

Diminished skeletal bone mineral content, difficient ossification, microfractures.

Sensorineural hearing loss is more common than conductive loss-starting high pitch, then, low pitch.

(Weissman JL. Hearing loss. Radiology 1996;199(3):593-611) 

3. Heart

10% mitral valve prolapse and 10-12% aneurysms of the aortic root. 

Aortic insufficiency is a well known but uncommon valvular dysfunction in patients with osteogenesis imperfecta. Elective successful aortic valve replacement underwent. (Zegdi R. Aortic valve surgery in osteogenesis imperfecta: report of two cases and review of the literature. J Heart Valve Dis 1998;7(5):510-4. )

4. Pulmonary function in OI

Impaired pulmonary function due to skeletal deformity-restritive lung and hypoxemia.

Death to be result of respiratory insufficiency. 

D Endocrine and Metabolic Function in OI

1. Short stature

Growth retardation-low levels of somatomedin C & unresponsive to exogenous GH.

2. Thyroid function

Distiller-raised thyroid function

Shapiro-normal levels thyroid hormone

Malignant hyperpyrexia noted.

3. Miscellaneous Laboratory Tests

Serum alkaline phosphatase elevated.

Serum acid phosphatase elevated

Aminoaciduria with increased excretion of serine, threonine, valine, ethanolamine, and phosphoethanolamine and cystine.

Serum parathyroid hormone are normal.

Increased serum copper and ceruloplasmin been reported.

OI and hyperparathyroidism are disorders affecting the skeletal system and calcium metabolism not evidently related to one another. But may occur in the same patients. (Zimmermann-Belsing T, ect. Co-existence of osteogenesis imperfecta and hyperparathyroidism. J Endocrinological investigation 1999;22(7):547-50.)

The respomnse to the bisphosphatase, pamidronate, is reported in a child with osteogenesis imperfecta who had recurrent symptomatic hypercalcemia after immobilization following fractures. (William CJ, etc. Hypercalcemia in osteogenesis imperfecta  treated with pamidronate. Archives of Disease in Childhood 1997;76(2):169-70.)

4. Clotting

 Easy bruising is common-abnormal blood platelets.

 Abnormal platelet thromboplastin generation, macroplatelets, and abnormal platelet 

 granulation.

 35% increased capillary fragility, 33% decreased platelet retention, 23% reduced 

 factor VII antigen. 

5. OI and pregnancy

 severe skeletal deformities complicate pregnancy and deliver-cephalopelvic 

 disproportion..

 Premature rupture of membranes does not occur.

6. Prenatal diagnosis of OI

 Use of ultrasonography at 18th week of gestation-may visualize fractures, beading of ribs, 

 foreshortening and bowing of long bones, or an enlarged head.

Pathophysiology of OI

Osteogenesis Imperfecta (OI) characterized by bone fragility, mutations in the COLIA1 or the COLIA2 genes encoding type I collagen. The mild forms are usually caused by haploinsufficiency mutations in the COLIA1 gene while the severe and lethal forms result from dominant negative mutations in COLIA1 or COLIA2.(De Paepe A, etc. Heritable collagen disorders: from phenotype to genotype. Verhandelingen-Koninklijke Academie voor Geneeskunde van Belgie 1998;60(5):463-82.).

Moelcular genetic studies have identified more than 150 mutations of the COLIA1 and COLIA2 genes, which encode for type I procollagen. (Kocher MS ect. Osteogenesis imperfecta. J American Academy Orthopedic Surgeons 1998;6(4):225-36.)  

LM showed structural changes in the tissue and morphological changes in chondrocytes and matrix, particularly in the hypertrophic zone.. There were changes in the process of calcification in the primary mineralization zone of the cartilage. Also found histochemical changes in the matrix glycosaminoglycans (GAGs) in the zones where physiological mineralization was disturbed and the trabeculae were interrupted and poorly mineralized. In addition to the known molecular defects in collagen, changes in GAGs and noncollagenous proteins are important factors in the pathogenesis of the disease. (Sanguinetti C etc. Morphological changes in growth-plate cartilage in OI. J Bone & Joint Surg 1990;72(3):475-9.) 

Dentinogenesis imperfecta (DI) may be associated with osteogensis imperfecta (OI), which is an autosomal dominant bone disease. Most patients with OI have mutations in either the COLIA1 or COLIA2 genes, which encode the alpha1(I) or alpha2(I) sununits of type I collagen. (Kurisu K, etc. Human genes fro dental anomalies. Oral diseases 1997;3(4):223-8.)

1. Lethal (Type II) OI

Paucity of type I collagen in the extracellular matrix.

Lamellar bone formation is severely impaired.

In epiphysis-abrupt failure of normal ossification with persistence of hypercellular, cartilaginous metaphyseal tissue surrounded by immature woven bone. The maturation of lamellar bone is sldo markedly retarded in medullary and cortical zones.

Osteoblasts appear diminished in number-large, dilated RER-retained mutant and overmodified type I collagen..

At EM level, there are a reduced number of extracellular type I collagen fibers that are markedly decreased in diameter, but normal banding pattern. 

2. Severe nonlethal (Type III) OI

  Severe osteopenia present from birth. Bone cortices are markedly thinned.

  Defective periosteal growth and remodeling, the shafts of long bones are slender. The trabecular are 

  thin, disorganized, hyperosteocytosis is prominent.

  2nd centers of ossification are distorted.

  Collagen fibers were diminished in size and arrange in thin sheets suggesting defective bundle 

  formation.

 3. Mild forms nonlethal OI
  Individual cases range from nearly normal in type I patients to severe cortical and medullary bone 

  loss in type IV.

  Decreased number of trabeculae of diminished width, increased bone turnover rate.

  The staining of bone matrix with PAS or toluidine blue may be abnormal. 

  The absolute number of osteocytes and osteoclasts are increased 

  Decreased type I collagen fiber diameter (0.04-0.06 um vs 0.06-0.08 um in normals)

B. Bone mineral Content in OI

Methods: 1) Radiogramometry 2) single-photon (I125) densitometry 3) computed tomography (CT) 4) dual-photon absorptiometry (DPA) 5) digital radiography of the axial or vertebral bone.

Dimeralization was most severe in type III.

Summary : ther is insufficient type I collagen in bone that different factors underlie deficient matrix accumulation. Either underproduction or excessive turnover of collagen and other matrix components.

Moelcular pathophysiology of OI

mutations of type I collagen that are associated with skeletal diseases.

A.  Lethal (type II) OI

 651-base pair deletion within the mid-portion of one of the alpha1(I) alleles.

 Presence of a douplet in the alpha1(I) chain region and alpha1(I) mRNA.

One allele lacked a certain restriction site, another restriction fragment was shortened by about 500 bases-indicates 3 exons and associated intervening sequences have been deleted-resulting in an mRBA lacking 252 bases, which, in turn, code for a procollagen chain deficcient in 84 amino acids.

Suicide model-mutations that interrupt the helix weaken the stability of all the procollagen molecules containing at least one of the abnormal procollagen alpha chains.

1. The destablized collagen helix is more susceptible to thermal denaturation.

2. Interruption of the helix decreases the rate of secretion of abnormal molecules from the cell.reduced 

  amount of collagen accumulates in the extracellular space.

3. Interruption of the helix leads to posttranslational overmodification of the lysine residues in the  

  helical domain, N-terminal to the point at which the helix is disrupted.

  Mutations in the C-terminal or mid-helical domains of the alpha1(I) chain are common.  

  Mutation below the size of biochemical detectability was disrupting the formation of the helix-

  cysteine substitution was found within type I collagen molecules. Besides cysteine, the other 

  possible substitutions of 1st-position glycine include arginine, alanine, serine, aspartic and glutamic 

  acids, tryptophan, and valine.

  Cysteine mutaiton was found in type II OI.

B. Severe (Type III) OI

the affected child failed to synthesize alpha2(I) chains and instead produced a type I alpha collagen trimer.

The location of this mutation is in the C-terminal propeptide that is essential for initial procollagen chain assembly.

The alph1(I) trimer is able to form a helix although less stable and shows excessive posttranslational modification.

Therapy

Physician involved not only for acute events (fracture) but also for chronic care, including physical and psychological support for both the patient and the family.

Treatment strategies should primarily focus on the improvement of functional ability and the adoption of compensatory strategies rather than merely improving range of joint motion and muscle strength. Surgical treatment of the extremeties may be indicated to stabilize the long bones to optimize functional ability and walking capacity. Surgical treatment of the spine may be indicated in patients with progressive spinal deformity and in those with symptomatic basilar impression.(Engelbert RH, etc. Osteogensis imperfecta in childhood: treatment strategies. Archives of Physical Medicine & Rehabilitaiton 1998;79(12):1590-4.)
Gene therapy has the potential to increase the synthesis of type I collagen in mild variants and to correct mutations in severe variants, but there are a great number of technical difficulties to overcome. The goals of treatment of OI are to maximize function, minimize deformity and disability, maintain comfort, achieve relative independence in activity of daily living, and enhance social integration. Attainment of these goals requires a team approach. (Kocher MS ect. Osteogenesis imperfecta. J American Academy Orthopedic Surgeons 1998;6(4):225-36.)
A. Medical therapy-modification of the collagen gene will be the ultimate curative therapy for OI. At 

   this time, there is no effective hormonal, mineral, or vitamin therapy for any type of OI.

Salmon calcitonin-suppress bone resorption and favor bone formation.

Anabolic steroids and estrogen therapy-primarily decrease bone resorption.

Ascorbic acid-cofactor for prolyl hydroxylase-increase collagen systhesis by increasing gene transcription and stablizing collagen mRNA.

Growth hormone-increased bone formation

Growth hormone is effective in stimulating bone growth during childhood. (Monwake T, etc. Recent progress in diagnosis and treatment of osteogenesis imperfecta. Acta Padiatrica Japonica 1997;39(4):521-7.) 

Fluoride-increase bone mass in osteoporosis by stimulating proliferation of new osteoblasts.

NaF therapy stimulate bone formation and may be effective in preventing osteoporotic fractures with minimal side effects (GI and musculoskeletal conditions). (Murray TM, etc. Prevention and management of osteoporosis: consensus statements from the Scientific Advisory Board of the Osteoporosis Society of Canada. 7. Fluoride therapy for osteoporosis. CMAJ 1996;155(7):949-54.) 

Calcium and vitamin D supplements, magnesium, flavonoid, (++) catechins ?

Bisphosphonates—increase bone mass-promising.

Palmidronate or olpadronate for periods between 2 and 8 years continuously. Linear growth continued normally on treatment; there were evne catch-up growth in prepubertal patients, and there was no excessive suppression of bone remodeling. (Brumsen C, ect. Long-term effects of bisphosphonates on the growing skeleton. Studies of young patients with severe osteoporosis. Medicine 1997;76(4):226-83.)  

B. Surgical therapy-reducing deformity and promoting normal function.

C. Orthotic therapy-individualized orthotic care and rehabilitative therapy are key to gaining 

   confidence and promoting independent activity.

D. Psychological supports (Cole DE. Psychosocial aspects of osteogenesis imperfecta: an update. American Journal of 

   Medicine Genetics 1993;45(2):207-11)

  Recognition of factors may aid individuals and helpers in easing the path to a constructive life.

Future directions in OI

Diagnosis-rapid methods for detecting molecular abnormality within total cell genome

Therapy-gene therapy, correcting the defect postnatally by inactivation of the mutant gene or by insertion of additional copies of the normal gene.

Eventually-dectect the presence of OI during organogenesis and to produce a corrective gene that prevents the development of the disease.   

Oreffo RO etc. Future potentials for using osteogenic stem cells and biomaterials in orthopedics. 1999;25(2 Suppl):5S-9S.

