Oral pathology

                             Bone lesions	                    د. مصطفى السعدي
     Fibro-osseous Lesions


A group of lesions affecting the craniofacial skeleton and characterized microscopically by fibrous stroma containing various combinations of bones and/or cementum-like material fall under the term benign fibro-osseous lesions. They include a wide variety of lesions of developmental, dysplastic, and neoplastic origins with different clinical and radiographic presentation & behavior. Because of the histologic similarities between these diverse diseases, proper diagnosis requires clinical findings, radiographic features, surgical notes and histopathologic correlation to establish a specific diagnosis. Commonly included among the fibro-osseous lesions of the jaw are the following:
1. Fibrous dysplasia.
2. Focal cemento-osseous dysplasia.
3. Periapical cemento-osseous dysplasia.
4. Ossifying fibroma.
The conditions mentioned above have different clinical courses and outcomes, hence different treatment modalities ranging from non to surgical excision. For this reason a specific diagnosis is critical.
F ibrous Dysplasia (FD):
FD is a skeletal anomaly in which normal bone is replaced and distorted by poorly organized & inadequately mineralized, immature, woven bone & fibrous connective tissue. The disease may affect a single bone (monostotic) or multiple bones (polyostotic). Polyostotic FD is less common, occurring in only 25% to 30% of cases. A few of these cases (≈3%) may be associated with skin pigmentation & endocrine abnormalities, a condition known as the McCune-Albright syndrome, which is more common in females.
E tiology & Pathogenesis:
The nature of this condition has not been firmly established. The name dysplasia was originally intended to indicate that the condition represented a dysplastic growth resulting from deranged mesenchymal cell activity or a defect in the control of bone cell activity. Although FD has been considered as a developmental tumor-like condition; genetic studies, however, has provided evidence that it may be better classified as a neoplastic process. FD is a sporadic condition that results from a postzygotic mutation in the GNAS1 (guanine nucleotide binding protein, α-stimulating activity polypeptide 1) gene.


Clinically FD may manifest as a localized process, as a condition involving multiple bones, or as multiple bone lesions in conjunction with cutaneous & endocrine abnormalities depending on the point in time during fetal or postnatal life that the mutation of GNAS1 occurs.
1. Mutation occurs in early embryonic life	mutation in one of undifferentiated stem cells	 osteoblasts, melanocytes and endocrine cells clinically presented as multiple bone lesions, cutaneous pigmentation&endocrine disturbances.
2. Mutation occurring during later stages of embryonic development of the skeletal system the mutated cells that participate in the skeleton formation	multiple bone   involvements.
3. Mutation during postnatal life mutated cells confines to one site	 FD of a single bone.
Clinical Features of FD:
The condition presents commonly an asymptomatic, slow enlargement of the involved bone. FD may involve a single bone or several bones concomitantly. Monostotic FD is the term used to describe the process in one bone. Polyostotic FD applies to cases in which more than one bone is involved.
· McCune-Albright syndrome consists of polyostotic FD, cutaneous melanotic pigmentations (café-au-lait macules) and endocrine abnormalities. The most commonly reported endocrine disorder consists of precocious sexual development in girls, acromegaly, hyperthyroidism, hyperparathyroidism, and hyperprolactinemia.
· Jaffe-Lichtenstein syndrome is characterized by multiple bone lesions of FD & skin pigmentations.
 Monostotic FD is much more common than the polyostotic form, accounting for as many as 80% of cases.  Jaw involvement is common in this form of disease. Other bones that are commonly affected are the ribs & femur. FD occurs more often in the maxilla than in the mandible. Maxillary lesions may extend to involve the maxillary sinus, zygoma, sphenoid bone and the floor of the orbit. This form of the disease, with the involvement of several adjacent bones, has been referred to as craniofacial FD. The most common site of occurrence with mandibular involvement is the body portion.
 Jaw involvement is usually slow & painless, typically a unilateral swelling. Teeth displacement may occur, with malocclusion and interference with tooth eruption, without tooth mobility. The condition characteristically has its onset during the 1st&2nddecade of life. Monostotic FD usually exhibits an equal sex distribution & the polyostotic form tends to occur more commonly in females.

Radiographic Findings:
FD has a variable radiographic appearance that ranges from a radiolucent lesion to a uniformly radiopaque mass. Classical presentation	is ground-glass effect, which results from	the superimposition of poorly calcified bone trabeculae arranged in a disorganized pattern. Radiographically, the lesions of FD are not well demarcated. The margins blend into the adjacent normal bone so that the limits of the lesion may be difficult to define.
· Involvement of the m aandible results in:
· Expansion of the lingual & buccal plates.
· Bulging of the lower border.
· Super displacement of the inferior alveolar canal.
· Periapical (PA) radiographs: narrowing of the periodontal ligament (PDL) space with ill-defined Lamina dura.
· Involvement of the m aaxilla results in:
· Displacement of the sinus floor superiorly.
· Obliteration of the maxillary sinus.
· Increased density of the bone of the skull.
*An important feature of FD is the poorly defined radiographic and clinical margins of   the lesion that blend into the surrounding normal bone.
 L     ab Findings:
Serum calcium, Phosphorus & Alkaline phosphatase are Normal in syndrome. Monostotic FD, but altered in McCune-Albright.
Histopathological  features
FD consists of a slight to moderate cellular fibrous connective tissue stroma that contains foci of irregularly shaped trabeculae of immature bone. The bone trabeculae assume irregular shapes linked	to Chinese	characters and they do not display any functional orientation, without osteoblastic activity at the bone trabeculae margins.
T reatment & Prognosis:
After a variable period of prepubertal growth, FD stabilizes, although a slow advance may be noted into adulthood.
Small lesions	No treatment
Large lesions	                Cosmetic or functional deformity →Surgical recontouring.

· Malignant transformation is a rare complication of FD (less than 1%), usually in the polyostotic type. Many of them (osteosarcoma) were treated by radiation.
O ssifying Fibroma :
OF is a benign neoplasm of bone that has the potential for excessive growth, bone destruction & recurrence. Clinically & microscopically similar to cementifying fibroma, it is composed of a fibrous connective tissue stroma in which new bone is formed. OF is a true neoplasm with a significant growth potential. Recently, mutations in a tumor suppressor gene were identified.
Clinical Features:
The epidemiology of Ossifying fibroma is unclear because many previous diagnosed cases were confused with focal cemento- osseous dysplasia (COD). For that reason what was thought to be OF, a common neoplasm, is now considered to be uncommon because most of the cases were in reality focal COD tends to occur during the 3rd& 4th decades of life, in females more than in males. It is a slow growing asymptomatic & expansile lesion. OF may be seen in the jaw & craniofacial bones. Lesions in the jaw arise in the tooth-bearing region, mostly in the molar & premolar area. The tumor may cause expansion of the buccal and lingual cortical plates, however perforation is very rare. OF is mostly a solitary lesion, although multiple lesions have been reported.
R  adiographic Findings of COF:
Well circumscribed, sharply demarcated border is the most common presenting radiographic feature, although OF may present as relatively lucent or opaque depending on the density of the calcification present. Also they may be unilocular or multilocular, mixed radiolucent-radiopaque image may be seen. The roots of the teeth present may be displaced & less commonly resorption is seen.
Histopathology
Cementifying fibroma, cemento-ossifying fibroma (COF), ossifying fibroma are terms used to describe the same condition, since the origin is the stem cells in the periodontal ligament which may give rise to both cementoblasts & osteoblasts forming both cementum & bone which cannot be differentiated on H&E stain. The last term (COF) is the one used by WHO classification. COF is composed of fibrous connective tissue with well- differentiated spindle fibroblasts. Cellularity is uniform but may vary from one lesion to the next. Bone trabeculae or islands are evenly distributed throughout the fibrous stroma. The bone is immature & often surrounded by osteoblast (osteoblast rimming). Osteoblasts are infrequently seen.
T     reatment & Prognosis:
Surgical removal using curettage or enucleation. The lesion can typically be separated easily from the surrounding bone. Recurrence is rare.

J uvenile Ossifying Fibroma:
Is a well circumscribed rapidly growing neoplasm lack the continuity with adjacent normal bone. Lesions are circumscribed radiolucencies in some cases contain central radio-opacities (Ground glass) opacification may be observed. Those are present within a sinus may appear radiodense and create a clouding that could be confused with sinusitis. Two different neoplasm have been reported: (1) Trabecular and (2) Psammomatoid. The latter neoplasm occur more than the trabecular type in a ratio of approximately 4:1
Histopathology
Both patterns are nonencapsulated but well demarcated from the surrounding bone. Tumors consist of cellular fibrous connective tissue with variants areas of loose and other are so cellular, mitotic figures are found but rare, areas of hemorrhage and small clusters of multinucleated giant cells are usually seen. The trabecular type shows irregular strands of highly cellular osteoid encasing plump osteocytes. These starnds are lined by plump osteoblast and in other areas by giant cells. In psammomatoid pattern concentric lamellated and spherical ossicles that have basophilic centers with peripheral eosinophilic osteoid rims.
C emento-osseous Dysplasia (COD):
The term COD refers to a disease process of the jaws for which the precise etiology is unknown. COD includes:
· Periapical COD.
· Focal COD.
· Florid COD.

All the 3 disease processes have the same features, only distinguished on the basis of the extent of involvement of the affected portions of the jaw.
Periapical COD:
Represents a reactive or dysplastic process rather than a neoplastic one. It may represent an unusual response of periapical bone & cementum to some undetermined local factor.
When not associated with a tooth apex Focal COD.
Clinical Features:
A common phenomenon, that occurs at the apex of vital teeth. A biopsy is unnecessary because the condition is usually diagnosed by clinical & radiographic features. Females are affected more than males. PACOD occurs in females at middle age (around 40 years) & rarely before the age 20. The mandible, especially the anterior periapical region, is far more commonly affected than other areas. More often, the apices of two or more teeth are affected.
The condition appears 1st as a periapical lucency that is continuous with the periodontal ligament space. To be differentiated from Periapical granuloma vitality test.
	As the condition progresses, the lucent lesion develops into a mixed or mottled pattern because of bone repair.
· The final stage appears as a solid, opaque mass that is surrounded by a thin, lucent ring (after months – years).
Florid COD:
 is an exuberant form of PACOD. FCOD represents the severe end of the spectrum of this unusual process. The patient is asymptomatic except when complication of osteomyelitis occurs. Females are more commonly affected (black women); between 25-60 years of age. The condition is typically bilateral & may affect all four quadrants.
 Radiographically, FCOD appears as diffuse radiopaque masses throughout the alveolar segment of the jaw. A cyst-like appearance may also be seen.  1Exuberant: excessive in size or extent g round-glass.  
 Histopathology of COD:
All 3 types show a mixture of benign fibrous tissue, bone, and cementum. The calcified tissue is arranged in trabeculae, spicules or larger irregular masses. Numerous small blood vessels & free hemorrhage is typically noted throughout the lesion. The proportion of the mesenchymal component to the mineralized material is variable depending on the stage and from area to area in the same lesion.
Treatment: No treatment.
Genetic Bone Diseases:
1-Osteogenesis imperfecta
 Comprises a heterogeneous group of heritable disorders characterized by impairment of collagen maturation. Collagen forms a major portion of bone, dentin, sclerae, ligaments, and skin; osteogenesis imperfecta demonstrates a variety of changes that involve these sites.
Several different forms of osteogenesis imperfecta are seen, and they represent the most common type of inherited bone disease. Abnormal collagenous maturation results in bone with a thin cortex, fine trabeculation, and diffuse osteoporosis.
Clinical and Radiographic Features
Osteogenesis imperfecta is a rare disorder. Both autosomal dominant and recessive hereditary patterns occur, and many cases are sporadic. 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, hearing loss, long bone and spine deformities, and joint hyperextensibility.
Several distinctive findings are noted in the oral cavity. Dental alterations that appear clinically and radiographically identical to dentinogenesis imperfecta are occasionally noted. In affected patients; both dentitions are involved and demonstrate blue to brown translucence. Radiographs typically reveal premature pulpal obliteration, although shell teeth rarely may be seen.
Four major types of osteogenesis imperfecta arc recognized
1-	Type I osteogenesis imperfecta:
It is the most common and mildest form. It is inherited as an autosomal dominant trait.
Characterized by osteoporosis, bone fragility, blue sclera and hearing loss in adolescents and adults, dentinogenesis imperfecta.
2-	Type II osteogenesis imperfecta:	
It 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 sclera are present, opalescent teeth may be present both autosomal recessive and dominant patterns may occur.
3-	Type III osteogenesis imperfecta:
Both autosomal dominant and recessive hereditary patterns are noted. It demonstrates moderately severe to severe bone fragility. Characterized by skeletal deformity. Discoloration is present; it fades as the child grows older. Hearing loss is common. Fractures may be present at birth, but there is a low mortality In Infancy. Blue sclera at birth but the color normalize with age adolescents and adults are with normal sclera. Dentinogenesis imperfecta may be found in some patients.
4-	Type IV osteogenesis imperfect:
This variant is inherited as an autosomal dominant trait. It is associated with mild to moderately severe bone fragility. Bone fragility without other classic features of OI, normal color sclera. Some of the patients have opalescent dentin: others have normal teeth.
Histopathologic Features
Upon histopathologic examination, cortical bone appears attenuated. Osteoblasts are present, but bone matrix production is reduced markedly. The bone architecture remains immature throughout life and there is a failure of woven bone to transform to lamellar bone.
Treatment and Prognosis
There is no treatment for osteogenesis imperfecta; Management of the fractures may be a major problem. Patients with opalescent dentin usually show severe attrition of their teeth, leading to tooth loss. The prognosis varies from relatively good to very poor. Some patients have little to no disability, whereas others have severe crippling as a result of the fractures. In severe forms, death occurs in utero, during delivery or early in childhood.
2-Osteopetrosis (marble bone disease)
Uncommon hereditary bone condition characterized by generalized symmetric increase in skeletal density and defective bone resorption. The characteristic feature is an absence of physiologic bone resorption caused by reduced osteoclastic activity. The number of osteoclasts present is often increased; however, because of their failure to function normally, bone is not resorbed.  The lack of bone remodeling results in accumulation of bone mass and manifest itself in skeletal disturbances, including sclerosis of bone marrow, decrease hemopoietic activity and growth retardation. It can be divided into:
1-	Infantile-malignant: it is inherited as autosomal recessive in nature and is fatal within 2-3 years of life if not treated.
2-	Intermediate autosomal recessive type: nonfatal but clinically aggressive with onset usually within the first decade.
3-	Autosomal dominant form: is the least severe form, with full life expectancy but with considerable morbidity resulting from orthopedic alteration.
Clinical features: 
Bone pain is the most common symptom. Cranial nerve compression due to narrowing of cranial foramina may result in blindness, deafness and facial paralysis. The normal bone is replaced by dense poorly structured fragile bone and has propensity for pathologic fractures. Excessive endosteal bone formation result in aneamia and pancytopenia. The patient may die as a result of anemia or secondary infection.
Dental findings:
Include, delayed eruption, congenitally missing teeth, unerupted and malformed teeth. Decreased alveolar bone production with thickened periodontal ligament and marked mandibular prognathisim, elevated caries index due to enamel hypoplasia, increase development of osteomylitis resulting from inadequate host response because of the diminished vascular supply of osteopetrotic bone.
Radiographic findings: An increase in bone density of the whole skeleton with no distinction between cortical and medullary bone. Jaw bone involvement is variable the bone appears so dense that dental root morphology in invisible on radiographs.
The laboratory values of blood indicate the type of anemia. Calcium, phosphorus and alkaline phosphatase are normal.
Histopathology: The involved bone showing thickened cortices and reduced marrow cavities. Tortuous lamellar trabeculae replacing the cancellous portion of the bone. Numerous osteoclasts may be seen, but there is no evidence that they function because Howship's lacunae are not visible.
Treatment: Because of the mild severity of the disease, adult osteopetrosis is usually associated with long- term survival. Bone marrow transplantation is the only hope for permanent cure. Recent medical advances designed to increase osteoclastic activity. Dental extraction should be done in conjunction with antibiotic therapy to prevent osteomyelitis.
3- Cleidocranial dysplasia :(cleidocranial dysostosis):
 Best known for its dental and clavicular abnormalities, cleidocranial dysplasia is a disorder of bone. The disease shows an autosomal dominant inheritance pattern, but as many as 40% of cases appear to represent spontaneous mutations. This condition formerly was known as cleidocranial dysostosis. It is aplasia or hypoplasia of the clavicles, it has autosomal-dominant mode of inheritance, characterized by craniofacial malformations, the presence of numerous supernumerary and unerupted teeth.
Clinical features:
1- Hypoplasia, Malformation, absence of clavicle 
2- Short stature, Large head, Frontal bossing
3- Depressed nasal bridge
4- Open skull suture and fontanels
Oral findings of cleidocranial dysplasia
1- Cleft palate or narrow palate
2- Unerupted permanent and supernumery teeth 
3- Narrow ascending mandibular ramus
4- Thin zygomatic arch
5- Maxillary hypoplasia gives mandible a relatively prognathic appearance
Histopathologic Features
The reason for failure of permanent tooth eruption in patients with cleidocranial dysplasia is not understood well. Microscopic study of unerupted permanent teeth shows that these teeth lack secondary cementum.
 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.
4- Cherubism (discussed with the giant cell lesions)
5- Focal osteoporotic marrow defect
An area of hematopoietic marrow that is sufficient in size to produce an area of radiolucency that may be confused with an intraosseous neoplasm. The area does not represent a pathologic process, but its radiographic features may be confused with a variety of pathoses. The pathogenesis of this condition is unknown. Various theories include the following:
•	Aberrant bone regeneration after tooth extraction
•	Persistence of fetal marrow
•	Marrow hyperplasia in response to increased demand for erythrocytes
Clinical and Radiographic Features
The focal osteoporotic marrow defect is invariably asymptomatic and is detected as an incidental finding on a radiographic examination. The area appears as a radiolucent lesion, varying in size from several millimeters to several centimeters in diameter. In many instances, the defect typically exhibits ill-defined borders and fine central trabeculations. More than 75% of all cases are discovered in adult women. About 70% occur in the posterior mandible, most often in edentulous areas. No expansion of the jaw is noted clinically.
Histopathologic Features
Microscopically, the defects contain cellular hematopoietic marrow, Lymphoid aggregates may be present. Bone trabeculae included in the biopsy specimen show no evidence of abnormal osteoblastic or osteoclastic activity.
Treatment and Prognosis
Once the diagnosis is established,by incisional biopsy, no further treatment is needed. The prognosis is excellent and no association between focal osteoporotic marrow defects and anemia or other hematologic disorders has been established.

6- Idiopathic osteosclerosis
Refers to a focal area of increased radiodensity that is of unknown cause and cannot be attributed to any inflammatory, dysplastic, neoplastic, or systemic disorder. These sclerotic areas are not restricted to the jaws, and radiographically similar lesions may be found in other bones. Similar radiopaque foci may develop in the periapical areas of teeth with nonvital or significantly inflamed pulps; these lesions most likely represent a response to a low-grade inflammatory stimulus. Such reactive foci should be designated as condensing osteitis or focal chronic sclerosing osteomyelitis and should not be included under the designation of idiopathic osteosclerosis. Because past studies did not distinguish the idiopathic lesions from those of inflammatory origin, confusion in terminology has resulted.
Clinical and Radiographic Features
The prevalence appears to be approximately slightly increased frequency in blacks and Asians. No significant sex predilection is seen. A most areas of idiopathic osteosclerosis arise in the late first or early second decade. Once noted, the lesions may remain static, but many reveal a slow increase in size. 
 In almost all cases, once the patient reaches full maturity, all enlargement ceases and the sclerotic area stabilizes.
In a smaller percentage, the lesion diminishes or undergoes complete regression. Idiopathic osteosclerosis in variably asymptomatic, not associated with detectable cortical expansion, and is typically detected during a routine radiographic examination. About 90% of examples are seen in the mandible, most often in the first molar area. The second premolar and second molar areas also are common sites. In most cases, only one focus of sclerotic bone is present. A small number of patients have two or even three separate areas of involvement.
Radiographically
The lesions are characterized by a well-defined, rounded, or elliptic radiodense mass. Although the majority is uniformly radiopaque, occasional large lesions demonstrate a nonhomogeneous mixture of increased and reduced radiopacity. A radiolucent rim does not surround the radiodense area.
Histopathologic Features
In the few microscopic studies that have been reported, the lesion consists of dense lamellar bone with scant fibrofatty marrow. Inflammatory cells are absent.

Diagnosis
Usually a diagnosis of idiopathic osteosclerosis may be based on history, clinical features, and radiographic findings. Biopsy is considered only if associated symptoms or significant cortical expansion is present. Although idiopathic osteosclerosis demonstrates radiographic and histopathologic similarities with a compact osteoma, the lack of cortical expansion and failure of continued growth rule against a neoplastic process.
Differentiation from condensing osteitis may be difficult; but in the absence of adeep restoration or caries, a periapical radiodense area associated with a vital tooth is likely to represent idiopathic osteosclerosis.
Metabolic Bone Diseases
1- Hyperparathyroidism(discussed with the giant cell lesions)
2- Paget's disease of bone (osteitis deformans)
 It is a chronic slowly progressive bone condition .It is a disease characterized by uncoordinated resorption and deposition of bone, producing larger but weaker bones. The cause of Paget’s disease is unknown, but inflammatory, genetic mutation, viral (as paramyxovirus), or endocrine factors may be contributing agents.
A relationship to altered osteoclast development and function has been suggested. Paget’s disease generally progresses through several stages including an initial resorptive phase, followed by a vascular phase, and by a sclerosing phase.
Clinical and Radiographic Features
1- The disease principally affects older people and is rarely encountered in patients younger than 40 years of age.
2- Men are affected more often than women
3- Symptoms vary; and some patients may remain relatively asymptomatic. Bone pain, which may be quite severe, is a common complaint. Affected bones become thickened, enlarged, and weakened. An involvement of weight-bearing bone often leads to a bowing deformity.
4- Paget's disease affecting the skull generally leads to a progressive increase in the circumference of the head.
5- Bones most affected are sacrum, spine, skull, femur and pelvis. 
6- It is wide spread and symmetrical.
7- The most serious concern is the involvement of base of the skull, in this location lead to narrowing of various foramina and this can result in compression of the spinal cord and cranial nerves and lead to facial paralysis, blindness and deafness.

DENTAL FINDINGS: Jaw involvement is present in approximately 17% of patients diagnosed with Paget's disease:
[bookmark: _GoBack]1-Maxillary disease, which is far more common than mandibular involvement, results in enlargement of the middle third of the face. In extreme cases, the alteration results in a lion like facial deformity (leontiasis ossea).
2-Nasal obstruction, enlarged turbinates, obliterated sinuses, and deviated septum may develop secondary to maxillary involvement.
3-The alveolar ridges tend to remain symmetric but become grossly enlarged.
4-If the patient is dentulous, the enlargement causes spacing of the teeth.
5-Edentulous patients may complain that their dentures no longer fit because of the increased alveolar size.
Radiographically
The early stages of Paget's disease reveal a decreased radiodensity of the bone and alteration of the trabecular pattern. During the osteoblastic phase of the disease, patchy areas of sclerotic bone are formed, which tend to become confluent.The patchy sclerotic areas often are described as having a "cotton wool" appearance. 
On radiographic examination, the teeth often demonstrate extensive hypercementosis.
Radiographic findings of Paget's disease may resemble those of cemento-osseous dysplasia. Patients with presumed cemento-osseous dysplasia who demonstrate clinical expansion of the jaws should be evaluated further to rule out Paget's disease. 
Asymptomatic disease often is discovered in radiographs taken for unrelated reasons or from an unexpected elevation in serum alkaline phosphatase.
Histopathologic Features
Microscopic examination shows an apparent uncontrolled alternating resorption and formation of bone in the active resorptive stages, numerous osteoclasts surround bone trabeculae and show evidence of resorptive activity. Simultaneously, osteoblastic activity is seen with formation of osteoid rims around bone trabeculae. A highly vascular fibrous connective tissue replaces the marrow.
A characteristic microscopic feature is the presence of basophilic reversal lines in the bone. These lines indicate the junction between alternating resorptive and formative phases of the bone and result in a "jigsaw puzzle." or "mosaic." appearance of the bone. In the less active phases, large masses of dense bone showing prominent reversal lines are present.
Diagnosis
Patients with Paget's disease show: elevations in serum alkaline phosphatase levels but usually have normal blood calcium and phosphorus levels. The clinical and radiographic features, combined with supportive laboratory findings, are typically sufficient for diagnosis. Histopathologic examination can be confirmatory but often is unnecessary for a strong presumptive diagnosis.
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