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Osteogenesis imperfecta (brittle bone syndrome)  

The term brittle bone syndrome should not be confused with the considerably more 

common disease of osteoporosis which is frequently termed brittle bone disease. In 

osteogenesis imperfecta, which is usually transmitted as an autosomal dominant trait, the 

bones are excessively fragile. 

Osteogenesis imperfecta represents a genetically heterogeneous group of heritable defects 

of connective tissue. Classically, this condition or syndrome may include fragile bones, blue 

sclerae, ligament laxity, hearing loss, and dentinogenesis imperfecta. Some affected patients 

exhibit extreme bone fragility with numerous fractures and die during the perinatal period; 

others suffer only mild bone fragility and live a normal life span. Clinical presentation and 

severity are extremely variable. Patients with osteogenesis imperfecta are classifed 

according to their clinical and radiographic manifestations, as well as by inheritance pattern. 

The presence of numerous long bone fractures early in life with dentinogenesis imperfecta, 

blue sclerae, or both is sufficient to establish the diagnosis. Early hearing loss in a patient or 

a member of the family with a history of fragile bones is highly suggestive of the disorder. 

Biochemical findings suggest that osteogenesis imperfecta syndromes are a result of inborn 

errors of collagen metabolism. Most forms of the disease are believed to be caused by 

mutations in the structural genes for collagen protein (COL 1A1 and COL 1A2). 

 

Clinical Features.  

The severity of the disease varies widely, even in affected members of a single family. In 

addition to bone fragility, some affected individuals also have blue sclera, altered teeth, 

hypoacusis (hearing loss), long bone and spine deformities, and joint hyperextensibility. In 

addition, patients with osteogenesis imperfect demonstrate an increased prevalence of 

Class III malocclusion that is caused by maxillary hypoplasia, with or without mandibular 

hyperplasia. On rare occasions, panoramic radiographs may reveal multifocal radiolucencies, 

mixed radiolucencies, or radiopacities that resemble those seen in florid cemento-osseous 



dysplasia. When predominantly radiopaque, these areas are sensitive to inflammation and 

undergo sequestration easily. Four major types of osteogenesis imperfecta are recognized, 

each having several subtypes. 

 

TYPE I OSTEOGENESIS IMPERFECTA 

Type I is the most common and mildest form. Affected patients have mild to moderately 

severe bone fragility. Fractures are present at birth in about 10% of cases, but there is great 

variability in frequency and age of onset of fractures, with 10% of patients not 

demonstrating fractures. Most fractures occur during the preschool years and are less 

common after puberty. Hearing loss commonly develops before age 30, and most older 

patients have hearing deficits. Hypermobile joints and easy bruising because of capillary 

fragility are not rare. Some affected patients have normal teeth, but others show opalescent 

dentin. The sclerae are distinctly blue at all ages and aid in classification. Osteogenesis 

imperfecta type I is inherited as an autosomal dominant trait. 

 

TYPE II OSTEOGENESIS IMPERFECTA 

Osteogenesis imperfecta type II is the most severe form and exhibits extreme bone fragility 

and frequent fractures, which may occur during delivery. Many patients are stillborn, and 

90% die before 4 weeks of age. Blue sclerae are present. Opalescent teeth may be present. 

Both autosomal recessive and dominant patterns may occur. 

 

TYPE III OSTEOGENESIS IMPERFECTA 

Type III is the most severe form noted in individuals beyond the perinatal period and 

demonstrates moderately severe to severe bone fragility. The sclerae are normal or pale 

blue or gray at birth; if discoloration is present, then it fades as the child grows older. 

Ligamentous laxity and hearing loss are common. Fractures may be present at birth, but 

there is a low mortality in infancy. Although one third survive into adulthood, the majority of 

affected individuals die during childhood, usually from cardiopulmonary complications 

caused by kyphoscoliosis. Some patients have opalescent dentin, whereas others have 

normal teeth. Both autosomal dominant and recessive hereditary patterns are noted. 

 

TYPE IV OSTEOGENESIS IMPERFECTA 

Type IV is associated with mild to moderately severe bone fragility. The sclerae may be pale 

blue in early childhood, but the blue color fades later in life. Fractures are present at birth in 

about 50% of these patients. The frequency of fractures decreases after puberty, and some 

individuals never experience bone fracture at any time. Some of these patients have 



opalescent dentin; others have normal teeth. This variant appears to be inherited as an 

autosomal dominant trait. 

 

Management 

Success has been claimed for gene therapy using normal stromal marrow cells which can 

differentiate into a multiplicity of cell types including bone cells. Treatment with a 

bisphosphonate may be given to improve bone formation. No other treatment is e fective, in 

which case all that can be done is to protect the child from even minor injuries and to 

minimise deformity by attending to fractures. Care must be taken during dental extractions, 

but fractures of the jaws are uncommon in this disease 

 

Osteopetrosis (marble bone disease) 

Osteopetrosis is a group of rare hereditary skeletal disorders characterized by a marked 

increase in bone density resulting from a defect in remodeling caused by failure of normal 

osteoclast function. The number of osteoclasts present is often increased; however, because 

of their failure to function normally, bone is not resorbed. Although a number of types have 

been identified, these pathoses group into two major clinical patterns: (1) infantile and (2) 

adult osteopetrosis. 

 

CLINICAL AND RADIOGRAPHIC FEATURES 

INFANTILE OSTEOPETROSIS  

Patients discovered with osteopetrosis at birth or in early infancy usually have severe 

disease that is termed malignant osteopetrosis. In most cases, infantile osteopetrosis is 

inherited as an autosomal recessive trait and leads to a diffusely sclerotic skeleton. Marrow 

failure, frequent fractures, and evidence of cranial nerve compression are common 

Facial deformity develops in many of the children, manifesting as a broad face, 

hypertelorism, snub nose, and frontal bossing. Tooth eruption almost always is delayed. 

Failure of resorption and remodeling of the skull bones produces narrowing of the skull 

foramina that press on the various cranial nerves and results in optic nerve atrophy and 

blindness, deafness, and facial paralysis. In spite of the dense bone, pathologic fractures are 

common. Osteomyelitis of the jaws is a common complication of tooth extraction. 

Radiographically, there is a widespread increase in skeletal density with defects in 

metaphyseal remodeling. The radiographic distinction between cortical and cancellous bone 

is lost. In dental radiographs, the roots of the teeth often are difficult to visualize because of 

the density of the surrounding bone. Less severe variants of infantile osteopetrosis exist and 

have been termed intermediate osteopetrosis. Affected patients often are asymptomatic at 



birth but frequently exhibit fractures by the end of the first decade. Marrow failure and 

hepatosplenomegaly are rare. In some cases, patients show radiographic evidence of diffuse 

sclerosis and associated marrow failure but resolve without specific therapy. This pattern 

has been termed transient osteopetrosis and most affected patients return to normalcy 

with no known sequelae. 

 

ADULT OSTEOPETROSIS 

Adult osteopetrosis is usually discovered later in life and exhibits less severe manifestations. 

In most patients, this pattern is inherited as an autosomal dominant trait and has been 

termed benign osteopetrosis. The axial skeleton usually reveals significant sclerosis, whereas 

the long bones demonstrate little or no defects. Approximately 40% of affected patients are 

asymptomatic, and marrow failure is rare. Occasionally, the diagnosis is discovered initially 

on review of dental radiographs that reveal a diffuse increased radiopacity of the medullary 

portions of the bone. In symptomatic patients, bone pain is frequent. Two major variants of 

adult osteopetrosis are seen. In one form, cranial nerve compression is common, although 

fractures occur rarely. In contrast, the second pattern demonstrates frequent fractures, but 

nerve compression is uncommon. When the mandible is involved, fracture and osteomyelitis 

after tooth extraction are significant complications.  

 

HISTOPATHOLOGIC FEATURES 

Several patterns of abnormal endosteal bone formation have been described. These include 

the following: 

● Tortuous lamellar trabeculae replacing the cancellous portion of the bone 

● Globular amorphous bone deposition in the marrow spaces 

● Osteophytic bone formation 

Numerous osteoclasts may be seen, but there is no evidence that they function because 

Howship’s lacunae are not visible. 

 

Treatment and Prognosis.  

The prognosis for infantile osteopetrosis is poor, and patients rarely survive adolescence. 

Recent medical advances designed to increase osteoclast differentiation and activity may 

prove helpful. Bone marrow transplantation has been performed in severe childhood or 

malignant forms of this disease in an effort to provide monocyte precursors of osteoclasts. 

Death results from secondary infection or anemia. The adult variety is more variable and 

insidious. Bone involvement is similar to that seen in the infantile recessive type but usually 

is less severe. The diagnosis often is not made until a pathologic fracture occurs. The 



differential diagnosisshould include osteomalacia, Paget’s disease, hyperparathyroidism, 

acromegaly, and malignant bone disease. 

 

Cleidocranial Dysplasia 

 Cleidocranial dysplasia is notable for aplasia or hypoplasia of the clavicles, characteristic 

craniofacial malformations, and the presence of numerous supernumerary and unerupted 

teeth. Best known for its dental and clavicular abnormalities, cleidocranial dysplasia is a 

disorder of bone caused by a defect in the CBFA1 gene (also known as the RUNX2 gene) of 

chromosome 6p21. This gene normally guides osteoblastic differentiation and appropriate 

bone formation.  

 

CLINICAL AND RADIOGRAPHIC FEATURES 

 

The bone defects in patients with cleidocranial dysplasia chiefly involve the clavicles and 

skull, although a wide variety of anomalies may be found in other bones. The clavicles are 

absent, either unilaterally or bilaterally, in about 10% of all cases. More commonly, the 

clavicles show varying degrees of hypoplasia and malformation. The muscles associated with 

the abnormal clavicles are underdeveloped. The patient’s neck appears long; the shoulders 

are narrow and show marked drooping. The absence or hypoplasia of the clavicles leads to 

an unusual mobility of the patient’s shoulders. In some instances, the patient can 

approximate the shoulders in front of the chest. Although the clavicular defects result in 

variations of the associated muscles, function is remarkably good. The appearance of the 

patient affected by cleidocranial dysplasia often is diagnostic. The patients tend to be of 

short stature and have large heads with pronounced frontal and parietal bossing. Ocular 

hypertelorism and a broad base of the nose with a depressed nasal bridge often are noted. 

On skull radiographs, the sutures and fontanels show delayed closure or may remain open 

throughout the patient’s life. Secondary centers of ossification appear in the suture lines, 

and many wormian bones may be seen. Abnormal development of the temporal bone and 

eustachian tube may lead to conductive or sensorineural hearing loss. The gnathic and 

dental manifestations are distinctive and may lead to the initial diagnosis. The patients often 

have a narrow, high-arched palate, and there is an increased prevalence of cleft palate. 

Prolonged retention of deciduous teeth and delay or complete failure of eruption of 

permanent teeth are characteristic features. There may be abnormal spacing in the 

mandibular incisor area because of widening of the alveolar bone. On review of dental 

radiographs, the most dramatic finding is the presence of numerous unerupted permanent 

and supernumerary teeth, many of which frequently exhibit distorted crown and root 

shapes. The number of supernumerary teeth can be impressive, with reports of some 

patients demonstrating more than 60 such teeth. In addition to the dental alterations, 

review of panoramic radiographs reveals an increased prevalence of a number of additional 

osseous malformations. The mandible often demonstrates coarse trabeculation with areas 



of increased density. The mandibular rami are often narrow with nearly parallel-sided 

anterior and posterior borders, and the coronoid processes may be slender and pointed with 

a distal curvature. In some cases the mandibular symphysis remains patent. The maxilla 

often is associated with a thin zygomatic arch and small or absent maxillary sinuses.  

Although young patients typically exhibit a relatively normal jaw relationship, as the 

individuals age, a short lower face height, acute gonial angle, anterior inclination of the 

mandible, and mandibular prognathism develop. Clinicians believe that these changes may 

be from inadequate vertical growth of the maxilla and hypoplastic alveolar ridge 

development caused by delay or lack of eruption of the permanent teeth.  

Computed tomography (CT) studies have demonstrated a decreased thickness of the 

masseter muscle in some patients. This finding may be related to hypoplasia of the 

zygomatic arch resulting in hypofunction of the attached masseter muscle. 

 

HISTOPATHOLOGIC FEATURES 

 

The reason for failure of permanent tooth eruption in patients with cleidocranial dysplasia is 

not understood well. Microscopic studies of unerupted permanent teeth have shown that 

these teeth lack secondary cementum. However, a recent histomorphometric study 

demonstrated no statistically significant difference in the percentage of root surface covered 

by cementum between teeth extracted from a patient with cleidocranial dysplasia and teeth 

from control patients. Some investigators alternatively have proposed that insufficient 

alveolar bone resorption is the reason for impaired tooth eruption. 

 

TREATMENT AND PROGNOSIS 

 

No treatment exists for the skull, clavicular, and other bone anomalies associated with 

cleidocranial dysplasia. Most patients function well without any significant problems. It is 

not unusual for an affected individual to be unaware of the disease until some professional 

calls it to his or her attention. Treatment of the dental problems associated with the disease, 

however, may be a major problem. Therapeutic options include full-mouth extractions with 

denture construction, autotransplantation of selected impacted teeth followed by prosthetic 

restoration, or removal of primary and supernumerary teeth followed by exposure of 

permanent teeth that are subsequently extruded orthodontically. The latter mode of 

therapy appears to be the treatment of choice; if performed before adulthood, then it can 

prevent the short lower face height and mandibular prognathism. 

 

 



Cherubism 

Cherubism is a rare disorder of bone inherited as an autosomal dominant character with 

variable expressivity Males are affected about twice as frequently as females. The 

descriptive term 'cherubism' relates to the unusual clinical appearance and facial deformity 

of patientswiththisdisease. 

 

CLINICAL AND RADIOGRAPHIC FEATURES 

 

Although some examples of cherubism may develop as early as 1 year of age, the disease 

usually occurs between the ages of 2 and 5 years. In mild cases the diagnosis may not be 

made until the patient reaches 10 to 12 years of age. The clinical alterations typically 

progress until puberty, then stabilize and slowly regress.  

The cherublike facies arises from bilateral involvement of the posterior mandible that 

produces angelic chubby cheeks. In addition, there is an “eyes upturned to heaven” 

appearance that is due to a wide rim of exposed sclerae noted below the iris. This latter 

feature is due to involvement of the infraorbital rim and orbital floor that tilts the eyeballs 

upward, as well as to stretching of the upper facial skin that pulls the lower lid downward. 

On occasion, affected patients also reveal marked cervical lymphadenopathy. The 

mandibular lesions typically appear as a painless, bilateral expansion of the posterior 

mandible that tends to involve the angles and ascending rami. The bony expansion is usually 

bilaterally symmetrical; in severe cases, most of the mandible is involved. Milder maxillary 

involvement occurs in the tuberosity areas; in severe cases, the entire maxilla can be 

affected. Extensive bone involvement causes a marked widening and distortion of the 

alveolar ridges. In addition to the aesthetic and psychologic effect, the enlargements may 

cause tooth displacement or failure of eruption, impair mastication, create speech 

difficulties, or rarely lead to loss of normal vision or hearing. Although there have been rare 

reports of unilateral cherubism, it is difficult to accept these as examples of this disease 

unless there is a strong family history.  

Radiographically, the lesions are typically multilocular, expansile radiolucencies. The 

appearance is virtually diagnostic as a result of their bilateral location. Less commonly, the 

lesions appear as unilocular radiolucencies. Although cherubism typically involves only the 

jaws, involvement also has been reported rarely in other bones such as the ribs and 

humerus. No unusual biochemical findings have been reported in patients with cherubism. If 

laboratory results do not suggest the diagnosis of hyperparathyroidism, then most children 

with multiple symmetrical giant cell granulomas represent examples of cherubism. However, 

multiple giant cell lesions may be seen in association with other conditions, including Ramon 

syndrome, Jaffe-Campanacci syndrome, and a Noonanlike syndrome. It has been suggested 

that the bony lesions of cherubism represent a phenotypic picture common to a number of 

disease processes that arise from multiple, distinct, initiating pathogenetic events. 

 



HISTOPATHOLOGIC FEATURES 

 

The microscopic findings of cherubism are essentially similar to those of isolated giant cell 

granulomas, and they seldom permit a specific diagnosis of cherubism in the absence of 

clinical and radiologic information. The lesional tissue consists of vascular fibrous tissue 

containing variable numbers of multinucleated giant cells. The giant cells tend to be small 

and usually aggregated focally. Like the giant cells in central giant cell granulomas, the giant 

cells in cherubism express markers suggestive of osteoclastic origin. Foci of extravasated 

blood are commonly present. The stroma in cherubism often tends to be more loosely 

arranged than that seen in giant cell granulomas. In some cases, cherubism reveals 

eosinophilic, cufflike deposits surrounding small blood vessels throughout the lesion. The 

eosinophilic cuffing appears to be specific for cherubism. However, these deposits are not 

present in many cases, and their absence does not exclude a diagnosis of cherubism. In 

older, resolving lesions of cherubism, the tissue becomes more fibrous, the number of giant 

cells decreases, and new bone formation is seen. 

 

 TREATMENT AND PROGNOSIS 

 The prognosi  in any given case is unpredictable. In most instances the lesions tend to show 

varying degrees of remission and involution after puberty. By the fourth decade, the facial 

features of most patients approach normalcy. In spite of the typical scenario, some patients 

demonstrate very mild alterations, whereas others reveal grotesque changes that often are 

very slow to resolve. In occasional patients, the deformity can persist. The question of 

whether to treat or simply observe a patient with cherubism is difficult. Excellent results 

have been obtained in some cases by early surgical intervention with curettage of the 

lesions. Conversely, early surgical intervention sometimes has been followed by rapid 

regrowth of the lesions and worsening deformity. A course limited only to observation may 

result in extreme and sometimes grotesque facial deformity, with associated psychologic 

problems and functional deformity that may necessitate extensive surgery. Several 

investigators have suggested the use of calcitonin in severe cases, but such therapy awaits 

further study. Radiation therapy is contraindicated because of the risk of development of 

postirradiation sarcoma. The optimal therapy for cherubism has not been determined. 


