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detect loss-of-function mutation(s) within the ALPL gene that encodes
TNSALP.
There is no established medical therapy. In contrast to other forms
of rickets and osteomalacia, calcium and vitamin D supplementation
should be avoided because they may aggravate hypercalcemia and
hypercalciuria. A low-calcium diet, glucocorticoids, and calcitonin
have been used in a small number of patients with variable responses.
Because fracture healing is poor, placement of intramedullary rods
is best for acute fracture repair and for prophylactic prevention of
fractures.
AXIAL OSTEOMALACIA
This is a rare disorder characterized by defective skeletal mineralization despite normal serum calcium and phosphate levels. Clinically,
the disorder presents in middle-aged or elderly men with chronic
axial skeletal discomfort. Cervical spine pain may also be present.
Radiographic findings are mainly osteosclerosis due to coarsened
trabecular patterns typical of osteomalacia. Spine, pelvis, and ribs are
most commonly affected. Histologic changes show defective mineralization and flat, inactive osteoblasts. The primary defect appears to be
an acquired defect in osteoblast function. The course is benign, and
there is no established treatment. Calcium and vitamin D therapies
are not effective.
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FIBROGENESIS IMPERFECTA OSSIUM
This is a rare condition of unknown etiology. It presents in both sexes;
in middle age or later; and with progressive, intractable skeletal pain
and fractures; worsening immobilization; and a debilitating course.
Radiographic evaluation reveals generalized osteomalacia, osteopenia,
and occasional pseudofractures. Histologic features include a tangled
pattern of collagen fibrils with abundant osteoblasts and osteoclasts.
There is no effective treatment. Spontaneous remission has been
reported in a small number of patients. Calcium and vitamin D have
not been beneficial.

Endocrinology and Metabolism

FIBROUS DYSPLASIA AND McCUNE-ALBRIGHT SYNDROME
Fibrous dysplasia is a sporadic disorder characterized by the presence
of one (monostotic) or more (polyostotic) expanding fibrous skeletal
lesions composed of bone-forming mesenchyme. The association of
the polyostotic form with café au lait spots and hyperfunction of
an endocrine system such as pseudoprecocious puberty of ovarian
origin is known as McCune-Albright syndrome (MAS). A spectrum
of the phenotypes is caused by activating mutations in the GNAS1
gene, which encodes the α subunit of the stimulatory G protein
(Gsα). As the postzygotic mutations occur at different stages of early
development, the extent and type of tissue affected are variable and
explain the mosaic pattern of skin and bone changes. GTP binding
activates the Gsα regulatory protein and mutations in regions of Gsα
that selectively inhibit GTPase activity, which results in constitutive
stimulation of the cyclic AMP–protein kinase A signal transduction
pathway. Such mutations of the Gsα protein–coupled receptor may
cause autonomous function in bone (parathyroid hormone receptor);
skin (melanocyte-stimulating hormone receptor); and various endocrine glands including ovary (follicle-stimulating hormone receptor),
thyroid (thyroid-stimulating hormone receptor), adrenal (adrenocorticotropic hormone receptor), and pituitary (growth hormone–releasing hormone receptor). The skeletal lesions are composed largely of
mesenchymal cells that do not differentiate into osteoblasts, resulting
in the formation of imperfect bone. In some areas of bone, fibroblastlike cells develop features of osteoblasts in that they produce extracellular matrix that organizes into woven bone. Calcification may occur
in some areas. In other areas, cells have features of chondrocytes and
produce cartilage-like extracellular matrix.
Clinical Presentation Fibrous dysplasia occurs with equal frequency
in both sexes, whereas MAS with precocious puberty is more common (10:1) in girls. The monostotic form is the most common and is
usually diagnosed in patients between 20 and 30 years of age without

associated skin lesions. The polyostotic form typically manifests in
children <10 years old and may progress with age. Early-onset disease
is generally more severe. Lesions may become quiescent in puberty and
progress during pregnancy or with estrogen therapy. In polyostotic
fibrous dysplasia, the lesions most commonly involve the maxilla and
other craniofacial bones, ribs, and metaphyseal or diaphyseal portions
of the proximal femur or tibia. Expanding bone lesions may cause
pain, deformity, fractures, and nerve entrapment. Sarcomatous degeneration involving the facial bones or femur is infrequent (<1%). The
risk of malignant transformation is increased by radiation, which has
proven to be ineffective treatment. In rare patients with widespread
lesions, renal phosphate wasting and hypophosphatemia may cause
rickets or osteomalacia. Hypophosphatemia may be due to production
of a phosphaturic factor by the abnormal fibrous tissue.
MAS patients may have café au lait spots, which are flat, hyperpigmented skin lesions that have rough borders (“coast of Maine”) in contrast to the café au lait lesions of neurofibromatosis that have smooth
borders (“coast of California”). The most common endocrinopathy
is isosexual pseudoprecocious puberty in girls. Other less common
endocrine disorders include thyrotoxicosis, Cushing’s syndrome, acromegaly, hyperparathyroidism, hyperprolactinemia, and pseudoprecocious puberty in boys.
Radiographic Findings In long bones, the fibrous dysplastic lesions
are typically well-defined, radiolucent areas with thin cortices and a
ground-glass appearance. Lesions may be lobulated with trabeculated
areas of radiolucency (Fig. 426e-4). Involvement of facial bones usually presents as radiodense lesions, which may create a leonine appearance (leontiasis osea). Expansile cranial lesions may narrow foramens
and cause optic lesions, reduce hearing, and create other manifestations of cranial nerve compression.
Laboratory Results Serum ALP is occasionally elevated but calcium,
parathyroid hormone, 25-hydroxyvitamin D, and 1,25-dihydroxyvitamin D levels are normal. Patients with extensive polyostotic lesions
may have hypophosphatemia, hyperphosphaturia, and osteomalacia.
The hypophosphatemia and phosphaturia are directly related to the
levels of fibroblast growth factor 23 (FGF23). Biochemical markers of
bone turnover may be elevated.

Figure 426e-4 Radiograph of a 16-year-old male with fibrous
dysplasia of the right proximal femur. Note the multiple cystic
lesions, including the large lucent lesion in the proximal midshaft
with scalloping of the interior surface. The femoral neck contains two
lucent cystic lesions.

