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Abstract Fibrous dysplasia (FD) of bone is an

uncommon disease caused by sporadic, congenital

mutations in the cAMP regulating protein, Gsa. It is an

example of somatic mosaicism in which a wide spec-

trum of disease is possible. Widespread skeletal

involvement is often associated with varying combi-

nations of café-au-lait skin spots, and/or endocrine

dysfunction (precocious puberty, renal phosphate

wasting, hyperthyroidism, and/or growth hormone ex-

cess). Unrecognized and untreated endocrine dys-

function can exacerbate the skeletal disease. The

diagnosis is usually established on clinical grounds on

the basis of physical examination and typical radio-

graphic appearance. Occasionally, gene testing of af-

fected tissue may be helpful. The skeletal sites involved

with disease are established at an early age, and the

complications of fracture deformity are most pro-

nounced in childhood. Bone pain in the absence of a

fracture is more common in adults, but can also be

present in children. Treatment with bisphosphonates is

usually effective at relieving pain, but probably has no

effect on the natural history of the disease. Scoliosis,

which was previously thought to be an uncommon

occurrence, has been shown to be common and pro-

gressive, and as such, warrants investigation and, when

necessary, surgical treatment. The surgical manage-

ment of FD remains challenging. Timing and technique

remain controversial, but some consensus exists in that

grafting materials (of any type) usually fail and should

not be a central aspect of the surgical approach. In-

tramedullary devices are in general superior to side

plates and screws. In extremely widespread disease

with very early fracture and deformity, no surgical

approach will affect final functional outcome. Efforts

should be made for the initiation of international col-

laborative studies to better define optimal surgical

approaches to the treatment of this challenging disease.
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Introduction

Fibrous dysplasia of bone (FD) is a sporadic, uncom-

mon, fibroosseous skeletal disorder with a broad

spectrum of severity. It was initially identified as a

distinct entity in association with skin spots and hy-

perfunctioning endocrinopathies by Donovan McCune

and Fuller Albright, and termed by Albright as osteitis

fibrosa disseminata, reflecting the similarity of FD to

the skeletal disease of hyperparathyroidism, osteitis

fibrosa cystica [1, 2]. The disease was labeled polyos-

totic fibrous dysplasia (PFD) by Lichtenstein [3] in

1938, and it was Lichtenstein and Jaffe [4] who initially

described the spectrum of the clinical, radiographic and

histological findings. In addition, they introduced the

idea that FD results from the ‘‘perverted activity of the

specific bone-forming mesenchyme.’’ FD may exist as
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an isolated lesion involving a single skeletal site, mo-

nostotic fibrous dysplasia (MFD), or it may involve

multiple bones, PFD. In addition, it may occur in

association with distinct café-au-lait skin spots with a

jagged (coast-of-Maine) border, and/or in association

with a number of hyperfunctioning endocrinopathies

(including precocious puberty, hyperthyroidism,

growth hormone excess, rickets/osteomalacia, and

others), in which case it is known as McCune–Albright

syndrome (MAS) (reviewed in [5–7]). In addition, FD

may present in association with intramuscular myxo-

mas (usually in patients with long-standing disease and

associated endocrine dysfunction), in which case it is

referred to as Mazabraud’s syndrome [8, 9]. The pre-

cise prevalence of the various forms of FD are not

known, but FD has been reported to account for

approximately 5% of benign bone lesions [10], with the

monostotic form reported to be eight to ten times more

common than the polyostotic form [5]. The association

of FD with the extraskeletal manifestations is even less

common. Virtually any combination of bone disease

with extraskeletal manifestations is possible: FD with

skin lesions and no endocrine dysfunction, FD with

endocrine dysfunction and no skin lesions, and classic

skin and endocrine findings without FD [6].

Over the last 25 years, a large cohort of 150 patients

with FD has been studied for a total of >500 patients-

year of follow-up at the National Institutes of Health.

This cohort has undergone extensive evaluation for

both skeletal and extraskeletal manifestations of PFD;

some of the clinical and basic science findings that

pertain to orthopedics will be reviewed here. In addi-

tion, we present a suggested plan to evaluate a new

patient from both an orthopedic and endocrine stand-

point.

Pathophysiology

Bianco et al. [11, 12] were the first to demonstrate that

FD is a disease of the bone marrow stromal cell

(BMSC). The BMSCs form the structural framework

upon which hematopoiesis occurs in the bone marrow,

and a subset of BMSCs are multipotent stem cells

capable of differentiating into multiple cells including

osteoblasts, osteocytes, chondrocytes, bone marrow

adipocytes, and probably other cells [13]. In FD,

BMSCs begin to differentiate along the osteogenic

lineage, but differentiation is arrested, and instead the

cells proliferate, giving rise to the fibroosseous masses

of tissue that make up FD.

The molecular etiology of the disease, which leads to

the arrest in differentiation that occurs in BMSCs, is

activating mutations in the GNAS gene. GNAS codes

for the alpha subunit of the signaling G protein, Gsa
[14, 15]. Gsa is central in the cell signaling pathway that

leads to the generation of the intracellular second

messenger, cAMP, and activating mutations lead to

ligand-independent cAMP/protein kinase A signaling.

cAMP is involved in the signal transduction from

multiple cell surface receptors, including parathyroid

hormone (PTH), follicle stimulating hormone (FSH)

and luteinizing hormone (LH), thyroid stimulating

hormone (TSH), etc. All of the mutations in Gsa that

have been identified in association with FD are at the

201Arg position. In >95% of the cases, arginine is re-

placed by either cysteine or histidine (R201C or

R201H). These mutations result in inhibition of the

intrinsic GTPase activity of Gsa protein and it is this

aspect that leads to constitutive, ligand-independent

generation of intracellular cAMP. In bone, it is as if the

BMSCs harboring the Gsa mutation are under constant

PTH stimulation, thus giving credence to Albright’s

comparison of the similarity between osteitis fibrosa

disseminata (what came to be called FD) and the bone

disease of hyperparathyroidism, osteitis fibrosa cystica.

The defect in Gsa also explains the molecular etiology

of the associated extraskeletal manifestations of the

café-au-lait spots (constitutive melanocyte simulating

hormone signaling in skin melanocytes), precocious

puberty (ovarian FSH signaling), hyperthyroidism

(thyroid TSH signaling), etc.

Fibrous dysplasia is a genetic disease in which there

has never been a well-documented case of vertical

transmission from parent to offspring. This is a point

worth making to parents and patients, as many have

concerns that the disorder can be transmitted to the

children of the patient or that subsequent children

may also have the disease. It should also be empha-

sized that there is no evidence of the disease arising as

a result of environmental (intrauterine) exposures, as

this too is a major concern of parents. The observation

that FD is not inherited, combined with the observa-

tion that the skin lesions in MAS follow the devel-

opmental lines of Blashko, and the fact that the bone

disease often tends to involve one side of the skeleton,

has led to the working, and generally accepted,

hypothesis that FD is the result of somatic mutations

that occur at some early stage of embryonic develop-

ment. What follows from this hypothesis is that in

patients with MAS, in whom tissues derived from all

three germ layers are involved (bone/mesoderm, skin/

ectoderm, and various endocrine tissues/endoderm),

the mutation that gives rise to this phenotype must

have occurred very early in development, at the inner

cell mass stage [7] (Fig. 1). For disease that is isolated
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to the skeleton, but involves craniofacial and long

bones, the mutation must have arisen later in devel-

opment in the mesectoderm, as the craniofacial bones

are of neuroectodermal origin, and long bones of

mesodermal origin [7]. Thus, the phenotype and ex-

tent of skeletal involvement is dictated by the devel-

opmental stage and location in the developing

organism where the mutation occurs (Fig. 1).

Presentation and natural history

The result of a mutation involving a widely expressed,

critical signaling protein that occurs sporadically at

potentially any developmental stage is a disease of

amazing complexity and variability. FD found in an

adult with an isolated lesion in the fibula, discovered

incidentally during a routine X-ray, is caused by the

same molecular defect as the disease of a wheelchair-

dependent, blind and deaf adolescent with total skel-

etal involvement, a history of innumerable fractures,

skin macules, precocious puberty, hyperthyroidism,

and acromegalic features [16].

Most children with FD present to the orthopedic

surgeon do so because of a fracture through an FD

lesion, a limp, or an incidentally discovered lesion

when radiographs are obtained for another reason. The

radiographic appearance of FD can appear markedly

different depending on the age of the patient. The

radiograph in the very young (<2 years of age) often

lacks the classic ‘‘ground glass’’ appearance and has

more of a streaked heterogeneous appearance, occa-

sionally mistaken for enchondormatosis (Fig. 2a). With

maturity, lesions become more lytic and develop a

‘‘ground glass’’ appearance (Fig. 2b), and with aging

the lesions tend to become sclerotic at the edges of the

lesion (Fig. 2c).

When there is confusion about the diagnosis, a

biopsy can be used to confirm the diagnosis. Histology

usually shows what has classically been described as

‘‘Chinese characters’’ (Fig. 3a). The marrow cavity,

which usually has a cellular fatty tissue, is replaced by

fibroosseous tissue. With appropriate preparation, FD

lesions also demonstrate a significant amount of oste-

oid (lesional osteomalacia), which may contribute to

much of the clinical pathology observed (Fig. 3b).

However, there are a number of histopathological

subtleties that can be found in FD that either confuse

or aid in the diagnosis. These subtleties and variants

are beyond the scope of this discussion, but well-de-

scribed elsewhere [17–19].

Craniofacial Fibrous Dysplasia

Involvement of the craniofacial bones in FD is com-

mon. In fact, the skull base is the skeletal site most

commonly involved with FD. As with the rest of the

skeletal disease, craniofacial involvement can be triv-

ial, asymptomatic and detected incidentally, or it can

involve disfiguring involvement of the entire skull and

be associated with vision and hearing loss. Skull disease

in FD is sometimes associated with pain. The expla-

nation for the pain is not clear, and there is no asso-

ciation between the extent or location of the disease

and the likelihood of having pain. Patients with little

skull disease may have debilitating pain, patients with

extensive disease may be pain-free, and vice-versa. It

has been our experience that unlike painful disease in

the axial and appendicular skeleton, which usually re-

sponds to treatment with bisphosphonates, disease in

Fig. 1 Development of
fibrous dysplasia and
McCune–Albright syndrome.
The cartoon depicts the
widely accepted hypothesis
that FD/MAS is the result of
somatic mutations that occur
early in embryogenesis
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the craniofacial region is less responsive. Pain can

sometimes be debilitating and require treatment with

relatively high doses of opiod analgesics. Such disease

is best managed in conjunction with pain specialists.

There are no long-term studies of the natural history

of craniofacial FD but, as can be seen in the appen-

dicular skeleton, progression/expansion of craniofacial

disease also has a tendency to slow or stop after skel-

etal maturation. There is one notable and important

exception; that is when craniofacial disease is found in

association with growth hormone excess, as seen in

approximately 20% of the cases of MAS. Growth

hormone excess is the single aspect of the disease that

is associated with the craniofacial-specific morbidities

of vision and hearing loss [20–22].

Fibrous dysplasia in the limbs and axial skeleton

Again, in fibrous dysplasia, there is a wide range of

involvement. It can vary from an isolated single lesion

in a single bone to involvement of the entire axial and

appendicular skeleton. Limp, pain, or fracture through

an FD lesion is the usual presentation. Lesions in the

limbs also show great variability in involvement: they

may be contained within a relatively normal cortex, or

they can expand, deforming the bone and thinning the

cortex, threatening structural stability of the bone. The

radiographic appearance varies as well: from a classic

ground glass appearance to that of a lytic or cystic

appearance. The lesions may impact the skeleton min-

imally, or may cause tremendous deformity to the long

Fig. 2 Radiographic
appearance of FD. a In the
very young, the lesions can
have a streaky appearance,
and be found in association
with rickets (arrows). b The
typical radiographic
appearance of FD is
described as ‘‘ground glass.’’
As seen in this radiograph of
the proximal femur, which
also demonstrates the
pathognomonic, shepherd’s
crook. c FD in older patients,
or patients with relatively
inactive disease will
demonstrate a sclerotic rim
around the FD (arrow)

Fig. 3 Histopathological appearance of FD. a H&E staining
showing the classic ‘‘Chinese characters’’ made of trabeculae of
bone (labeled B) with fibrous tissue interwoven between (labeled
F). b Von Kossa stain for mineralization shows that the

trabeculae of bone are composed of bone (black, labeled B) as
well as osteoid (pale blue tissue labeled O). The fibrous tissue is
labeled (F). The presence of the unmineralized bone confirms
the osteomalacic nature of the lesions

6 J Child Orthop (2007) 1:3–17

123



bones. The spine, which was once not thought to be part

of the constellation of FD, has recently been found to

be involved frequently in the disorder and associated

with scoliosis [23]. The wide variability in location of

lesions, size of lesions and effect of the lesion on the

bone create challenges for the orthopedist who would

like to stabilize bones and prevent fracture and defor-

mity. But such extreme variability makes individualized

treatment a necessity. With aging, usually beyond

skeletal maturity, FD lesions seem to be less aggressive.

This is typically evidenced by the appearance of a

sclerotic border around FD lesions. Clinically, the

fracture rate improves over time [34]. However, in

terms of the natural history of FD, more data needs to

be collected to determine whether scoliosis progresses

during adulthood, and whether there are changes in the

angular deformities of the limbs over time [23, 49].

Fibrous dysplasia-associated malignancies

Malignant transformation of the benign neoplasm of FD

is a relatively rare occurrence. The precise rate of

malignant transformation is not known, but it is likely in

the order of 1% or less. The most common presentation

is the rapid expansion of a preexisting FD lesion in

association with pain. Radiographically, there is dis-

ruption of the cortex in association with a soft tissue

mass at the location of preexisting FD. Two large case

series [23, 24] and two large reviews [25, 26] reported on

approximately 123 cases of cancer, and found that

approximately half of the cases arose in monostotic

disease and half in polyostotic. Give that monostotic

disease is more common, cancer is more likely to occur

in polyostotic disease. In descending order of frequency,

the craniofacial bones, femur, and tibia were the bones

most likely to be involved. The most commonly seen

histological types were osteosarcoma, fibrosarcoma, and

chondrosarcoma, in descending order of frequency.

There are reports suggesting that malignant transfor-

mation may be more common in Mazabraud’s syn-

drome (FD in association with intramuscular myxomas)

[27, 28]. However, this may represent ascertainment

bias, as the actual prevalence of intramuscular myxomas

in association with FD may be more common than ex-

pected, as most of the intramuscular myxomas are

asymptomatic and will go undetected.

Besides malignancies arising in bone, other malig-

nancies may be found in association with FD, espe-

cially in the context of MAS. Both thyroid [29] and

breast [30–32] cancer have been reported in association

with MAS. Skeletal and extra-skeletal cancers may

also be more common in those patients who also have

growth hormone excess.

Impact of endocrine dysfunction on Fibrous

Dysplasia

Endocrine dysfunction may impact on the disease in

different ways, and it depends on the endocrine disease

and the degree to which the endocrine dysfunction is

controlled. Precocious puberty, together with bowing,

can lead to extremely short stature (Fig. 4a). Yet, when

growth hormone (GH) excess accompanies precocious

puberty, stature can be normal, or even exceed the

predicted height [20] (Fig. 4b). Renal phosphate

wasting and hypophosphatemia, due to overproduction

of the phosphate and vitamin D regulating hormone,

FGF-23 [33], has been associated with earlier and more

fractures [34], presumably by the direct effect of hyp-

ophosphatemia on inhibition of mineralization in FD,

resulting in lesional osteomalacia [35, 36] (Fig. 3b).

Thus, the management of FD should include an

assessment of endocrine status for evidence of associ-

ated hyperfunctioning endocrinopathies, including re-

nal phosphate wasting and hypophosphatemia [37].

Evaluation and diagnosis

Imaging

Patients typically present with either a limp or a frac-

ture, and a radiograph is usually the first imaging

modality performed. The radiograph usually reveals a

lytic, ground glass lesion consistent with FD. If there is

doubt about the diagnosis, computed tomography (CT)

is useful for demonstrating the medullary-based, fib-

roosseous nature of the FD, and magnetic resonance

imaging (MRI) is useful for identifying/excluding fluid-

filled non-FD cystic lesions. In order to determine the

extent of disease, either a technetium bone scan or a

skeletal survey should be performed. Bone scan is

more sensitive in detecting skull, spine and rib lesions,

as well as early, pre-clinical long bone lesions. By the

age of 8–10 years, the vast majority of lesions (cra-

niofacial and long bones) have already been estab-

lished and are detectable by bone scan [38]. Thus, a

bone scan performed early in the course of the disease

is not only diagnostic, but can be used for prognosis.

Clinical examination of the patient for limb defor-

mity, scoliosis, pelvic obliquity or facial asymmetry can

help guide the choice of plain films. Non-contrast CT is

the best imaging modality for craniofacial FD. CT with

reformatting can also be useful in detecting subtle

fractures within established FD lesions when radio-

graphic findings are equivocal, but clinical suspicion for

a fracture is high. (Figs. 5, 6) MRI can be helpful if
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there is a suspicion of an aneurysmal bone cyst, which

can occur in association with long-standing FD (Fig. 7).

Thus, the choice of imaging modalities must be tailored

to the amount and location of involvement of the

individual patient.

Biochemical and genetic testing

In FD, disease extent is best assessed by bone scan, but

activity can also be assessed by measuring serum and

urine markers of bone metabolism. This can be done

Fig. 4 The varied phenotype
of two patients with McCune–
Albright syndrome. The
patient depicted in a has had
premature closure of the
physes from precocious
puberty, and that, together
with lower extremity bowing
(windswept deformity), has
resulted in short stature. The
patient in b has acromegaly in
addition to precocious
puberty, thus the presence of
growth hormone ‘‘rescued’’
him from short stature

Fig. 5 CT for detecting subtle
fractures. a This radiograph
was from a 9-year-old boy
who complained of new-
onset, focal pain in the groin.
No discernable fracture is
apparent. b–d Reformatted
CT images of the lesion
revealed a fracture in the
medial proximal femur
(arrows)
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with any number of assays that measure bone metab-

olism and include the bone formation markers alkaline

phosphatase, bone-specific alkaline phosphatase,

osteocalcin, etc., and serum and urine markers for bone

resorption N-telopeptide of collagen, pyridinium cross

links, and deoxypyridinoline cross links, etc. In general,

all markers of bone metabolism are elevated in FD in

parallel, relative to disease activity, and no specific

assay is superior to another [39]. In fact, normal levels

of the markers of bone metabolism can be used in

support of excluding the diagnosis of FD in the case of

what appears to be fairly extensive disease. However,

in the case of low burden of disease, or in the case of

older patients with ‘‘burnt out’’ disease, bone turnover

markers may be only minimally elevated or normal. In

consideration of cost, it may be most prudent to rely

upon the least expensive of these markers, alkaline

phosphatase, to estimate disease activity.

As part of the evaluation of patients with FD, other

extraskeletal manifestations must be taken into con-

sideration, and testing for these should be part of the

routine evaluation. These laboratory tests are detailed

in Table 1, and discussed in detail elsewhere [40].

It is possible to perform genetic testing for muta-

tions in GNAS, and this can occasionally be useful

when there is uncertainty about the diagnosis. Several

techniques to detect GNAS mutations have been de-

scribed [14, 35, 41, 42]. However, there are a number

of aspects related to genetic testing in this disease that

must be considered prior to reliance upon the results

to guide clinical decisions. First, one should remain

cognizant that FD is a mosaic disease and for the

most part only affected tissue will contain a significant

number of cells harboring the mutation. Therefore,

Fig. 6 Use of CT imaging in FD. a This radiograph of a 10-year-
old girl with FD revealed severe disease in both femurs, with a
suggestion of a fracture. At the time of the radiograph, she was
asymptomatic and ambulating without assistance. b CT at the
level of the femora neck revealed the true extent of the disease,
with almost complete disruption of the neck (arrows). The extent
of the disease was not fully appreciated on the radiograph

Fig. 7 Aneurysmal bone cyst in FD. Aneurysmal bone cysts are
uncommonly associated with fibrous dysplasia. a The radiograph
demonstrated disruption of the cortex. b MRI imaging revealed a
clear-cut fluid-fluid level (arrows), consistent with an aneurysmal
bone cyst. These lesions can be aggressive, eroding bone as
shown by the loss of the cortex in a and b, and bleed extensively.
Adequate blood should be obtained if surgical intervention is
planned
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affected tissue must be used for DNA extraction and

testing. Next, one must keep in mind that even af-

fected tissue is an admixture of mutated and non-

mutated cells [11], that bone is relatively acellular,

and that the ability to detect mutated cells, which may

be in low abundance, is dependent upon the sensi-

tivity of the technique. The most sensitive technique

for detecting low abundance mutated cells is that

described by Karadag et al. [42]. While some report

that the mutation can be detected in circulating white

blood cells [43, 44], and this service is available from

commercial laboratories, its utility remains to be

established. In most cases, when the mutation can be

detected in white cells, there is little question about

the diagnosis on clinical grounds. However, in the rare

cases of very extensive FD (panostotic), when there

are no associated skin or endocrine lesions, FD may

be difficult to distinguish from other skeletal dyspla-

sias, such as severe osteogenesis imperfecta. In these

cases, mutation testing may be particularly helpful.

FD remains predominantly a diagnosis made on

clinical grounds.

Evaluation of a new patient with Polyostotic

Fibrous Dysplasia

A clinical evaluation should include examination of

gait and limbs, and of the spine for alignment. Limb

length discrepancy is a common finding, either from

bone deformity, pelvic obliquity or scoliosis, and

should be assessed. Any areas of clinical deformity

should be followed with plain films. The physical

examination of a new patient should include a search

for skin lesions suggestive of MAS (Fig. 8), which may

not bear a relationship in location to the lesions in the

skeleton.

A total body bone scan can help identify the loca-

tion and extent of pathologic bone. The bone scan can

be scored to generate a skeletal disease burden score

that can then be used to predict future need for

ambulation assistance and quality of life [45–47]. Early

referral to a physiatrist and physical therapist for

evaluation and treatment is an important part of the

care. Laboratory testing to evaluate for the presence of

endocrine dysfunction was discussed above (see Ta-

ble 1). The presence of craniofacial FD is an indication

for neuro-ophthalmologic and audiolgic testing.

Clearly, treatment of patients with MAS and multiple

organ involvement is best carried out by a team ap-

proach that includes assessment of skeletal and cra-

niofacial involvement, endocrine evaluation,

ophthalmologic assessment, hearing tests, and physia-

try and physical therapy when needed.

Treatment

Orthopedic management

Fractures

In order to determine if new treatment modalities can

decrease fractures in FD, the natural history of when

fractures occur in childhood and adulthood must first

Table 1 Evaluation of
extraskeletal disease
associated with FD

A more detailed explanation
of testing and management of
endocrine dysfunction can be
found in Collins [40]

Extra-
skeletal
organ

Clinical
manifestation

Testing Comment

Gonad
Ovary
Testicle

Precocious puberty
Precocious puberty,
benign tumors

Bone age, ultrasound,
gonadotropin stimulation
testing

Many men with FD will have
benign testicular lesions only
seen on ultrasound

Thyroid Thyrotoxicosis Thyroid function tests (TSH,
T4, free T4, T3),
ultrasound

Typically T3 toxicosis, can lead
to intra-operative thyroid
storm if undetected/treated

Pituitary Growth hormone
and prolactin
excess

GH, IGF-1, prolactin, MRI Untreated GH excess
exacerbates craniofacial FD

Adrenal Cushing syndrome Serum and urine cortisol,
dexamethasone
suppression test, CT of
adrenal glands

Only occurs in the neonatal
period

Renal Phosphate wasting,
hypophosphatemia

Serum phosphate Untreated hypophosphatemia
may worsen FD

Parathyroid Hyperparathyroidism Serum PTH and calcium The least frequent finding in
FD/MAS, may or may not be
part of the syndrome
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be understood. In a study of 172 fractures in patients

with an age range of 6–53, the peak fracture rate was

between ages 5 and 10, and then decreased in adoles-

cence (age 10–15), with even further decreases in

number of fractures seen into adulthood [34]. The

pattern of a peak in the fracture rate at age 5–10, fol-

lowed by a decrease in the rate of fractures, was seen in

the femur, tibia, humerus and forearm. The presence of

renal phosphate wasting and hypophosphatemia was

associated with more fractures that occurred at an

earlier age. Thus, any patient who has multiple frac-

tures, or whose first fracture occurs at a young age,

should be evaluated for the presence of endocrinopa-

thies, particularly renal phosphate wasting with resul-

tant hypophosphatemia. Knowledge of the natural

history of fractures in childhood makes it clear that if

orthopedic procedures to stabilize the limbs, or medi-

cal therapies to strengthen the bone, are to have an

effect on outcome, they must be introduced very early

in childhood in order to have an impact on the peak

fracture rate, which occurs from age 5 to 10. Likewise,

once patients have reached adulthood the chance of

fracture becomes much lower, so less aggressive man-

agement of lesions to prevent a fracture may be indi-

cated (although attention to bone deformity per se may

still need to be addressed). One of the limitations of

the aforementioned study [34] is that few patients from

age 60 to 90 were evaluated. Thus, the possibility of a

second peak in the fracture incidence at the onset of

senile osteoporosis cannot be ruled out.

There are no data to indicate when to operate

prophylactically to prevent a fracture. Certainly

patient complaints of pain are worrisome; although

non-weight bearing bones, such as the skull and ribs,

may also be painful, so pain per se does not equate

to imminent fracture. Patient reports of increasing

pain over time should prompt an evaluation. This

could reveal a stress fracture, evidence of a fluid-

filled cyst, or increasing deformity, worsening the

mechanics of the bone. Radiographic evidence of a

stress fracture is probably the best absolute indica-

tion for proceeding with elective stabilization. How-

ever, radiographs in complicated FD lesions can

make the identification of stress fractures difficult.

CT scans with reformatting can sometimes detect

fractures that were not able to be identified on

radiograph (Figs. 5, 6). Progression of pain (espe-

cially in association with a lesion that was previously

pain-free), deformity, or loss of function, are also

good indications.

Intramedullary rods are perhaps the most efficient

devices at protecting bone [48–50]. However, there are

limitations in using this device, particularly for cor-

rection of the proximal femur where a second gener-

ation IM rod is not yet readily available for use in

children. Use of plate and screw fixation necessitates

spanning the lesions and gaining screw purchase into

normal bone to prevent eventual loss of fixation

(Fig. 9). In children, the physis appears to limit the

expansion of lesions in FD. We have rarely observed

Fig. 8 Café-au-lait spots found in MAS. a This girl demonstrates
typical skin lesions on the face with jagged ‘‘coast-of-Maine’’
borders. Note that skin lesions are bilateral, but that the lesion on
the neck tends to respect the midline. b The lateral view of the
same patient seen in a demonstrates how the lesions can
sometimes tend to follow the developmental lines of Blashko.
Also of note is the obvious goiter in this girl with hyperthyroid-

ism. c Skin lesions can often be subtle. These lesions demonstrate
coast-of-Maine borders and respect the midline. Again, note that
there are lesions on both the right and left. The location of the
lesion on the buttocks is a typical location and appearance for a
skin lesion seen in association with FD. This girl had FD and skin
spots, but no endocrine dysfunction
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lesions in the femoral head. Thus, spanning the proxi-

mal femoral physis with a screw may be necessary for

gaining adequate purchase into normal bone in the

femoral head.

Scoliosis

Scoliosis has been recently added to the constellation

of orthopedic problems commonly found in association

with PFD [23]. Previously, scoliosis and involvement of

the spine with FD was thought to be an uncommon

problem, mostly reported in case reports. Scoliosis can

be difficult to access clinically in patients with lower

extremity deformities causing limb length discrepan-

cies or pelvic deformity causing pelvic obliquity. Thus,

scoliosis may be attributed to secondary compensation

and not correctly identified as a primary disorder. In a

study of 62 patients with PFD, lesions in the spine were

identified in 63% of the study group and scoliosis in

40–52% of the patients [23]. There was a statistically

significant association between the lesions in the spine

and the level at which the curve occurred, suggesting

that the FD was causative. The location of café-au-lait

lesions, and other areas of bone involvement (pelvis,

ribs), did not correlate with scoliosis.

The care of scoliosis in children involves identifica-

tion and aggressive monitoring. The role of bracing in

adolescents with scoliosis and FD is unclear, and may

need to be individualized to the patient. Certainly

applying three-point fixation to ribs or pelvis that may

have disease would be worrisome, while the patient

with lesions only in the spine and not in the areas of

contact of the brace would be more easily treated by

bracing. Patients in our series with large curves have

undergone successful posterior spinal fusions with no

evidence of difficulty with fusion or loss of fixation in

up to 22 years of follow-up. Because the etiology of the

curve in FD is the deformity caused by bone that is

more plastic in nature, it is unclear whether curve

progression abates in adolescents or continues into

adulthood. Our suspicion is that curves may continue

to progress into adulthood, as we have identified pa-

tients who developed pulmonary symptoms after

childhood and growth plate closure (Fig. 10). Identifi-

cation of curves in children and adolescents requires a

plan of monitoring during the adult years to avoid

unchecked progression of scoliosis. The only endo-

crinopathy found to correlate with the presence of

scoliosis was renal phosphate wasting, which suggests

the osteomalacic bone with greater plasticity is part of

the mechanism of the development of scoliosis.

Proximal femur

The pathognomonic lesion in FD is the shepherd’s

crook deformity with bowing of the proximal femur

and loss of the neck shaft angle (Fig. 2b). When sur-

gery is indicated, the intervention should strive to re-

store the mechanical axes of the limb, thus reducing

the deforming forces to the bones. Towards this end,

medial displacement valgus osteotomy has been rec-

ommended [51]. Administration of the Pediatric Out-

comes Data Collection Instrument (PODCI)

functional outcomes questionnaire revealed that de-

creased neck shaft angle was also associated with de-

creased functional mobility for sports, while the

Fig. 9 Scoliosis in association
with FD. a The large
magnitude curve in this 15-
year-old girl, whose growth
plates had been closed since
the age of 10 due to
precocious puberty,
continued to progress after
skeletal maturity. b A second
patient who died from the
complications of untreated
scoliosis also developed this
lesion after skeletal maturity.
These dramatic cases
emphasize the need to screen
for, follow, and treat scoliosis
in association with FD
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amount of disease in the lower extremities was found

to correlate with the transfer scale and the sports scale

[47]. This raises the question as to whether or not

procedures to maintain the femoral neck shaft angle

can improve the functional outcome in children with

large amounts of lower extremity disease. The answer

to this will require a multicenter study, testing the

ability of various procedures and the timing of the

procedures to improve outcome.

The role of bone grafting

Enneking [52] popularized the use of cortical strut

bone grafting in the treatment of FD in 1986. Later,

cortical struts and subtotal resection of the lesions were

proposed [53], and others have proposed the use of

cryosurgery in association with grafting [54]. However,

others have not been able to reproduce successful long-

term results with these techniques, and have noted

disappearance of bone graft observed over time and no

decrease in the size of the lesion [49, 51, 55]. Since most

published cohorts of surgically treated FD are small, it

remains controversial as to whether bone grafting

should be used and if so what kind of grafting materials

should be employed. We have not observed good long-

term retention of any graft material [34], and feel that

there needs to be continued study, testing the utility of

bone grafting in FD, ideally as part of a multicenter

study.

Surgical indications

Absolute surgical indications for the treatment of FD

are lacking. An individual surgeon’s experience is

limited by both the rarity and spectrum of severity

found in this disorder. In our cohort, we found that in

many patients who failed surgical management it was

most often due to loss of fixation, with cut-out of metal

devices. We suggest prior to undertaking surgical

intervention that consideration of endocrinopathies be

entertained, particularly as hyperparathyroidism or

phosphate wasting can further weaken bone that is

already osteomalacic [36]. Selection of the proper

surgical candidate and orthopedic device is vital to a

good outcome. Caution should be used in the panos-

totic form of the disorder where there is no normal

bone with which fixation can gain purchase. There are

patients in whom no amount of surgical intervention

will prevent progression to the need for assisted

ambulation.

Medical management

Early non-surgical attempts of the treatment of FD

included glucocorticoids, calcitonin, and external beam

radiation [56–58]. None of these treatments were

effective, and radiation predisposes FD to malignant

transformation [24]. The only medications that have

shown any efficacy in the treatment of FD are the

bisphosphonates. While FD is a disease of the osteo-

blast, bisphosphonates, which inhibit osteoclasts, were

advocated for two reasons. First, it was felt that lesion

expansion was mediated by osteoclastic resorption of

adjacent normal bone, and that bisphosphonates would

inhibit this, and thus stop lesion expansion. Second, FD

is a ‘‘high turnover’’ bone disease, sometimes with

dramatic elevations in markers of bone turnover and

occasionally evidence of increased numbers of osteo-

clasts in FD lesions [59]. Bisphosphonate use was

postulated to inhibit these processes. The first report of

the use of bisphosphonates in FD was by Liens et al.

[60], wherein they treated nine patients with high dose,

intravenous pamidronate. The authors subsequently

increased the size of the group, and reported on long-

term outcomes [61, 62]. Others have used similar high

dose, intravenous regimens and reported similar results

[63–66]. The universal findings in all of these studies

are that high-dose, intravenous pamidronate decreases

Fig. 10 Difficulty in
managing proximal femur
disease. a A proximal femoral
head stress fracture that
required stabilization is
shown. b A hip screw and side
plate plus bone grafting was
used to treat the fracture. c A
year later, the bone graft has
resorbed and the plate, which
ended in bone involved with
FD, is starting to cause
bending at the end of the
plate
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pain and markers of bone metabolism. Some report

improvement in the radiographic appearance, bone

density, and fracture recurrence or rate. Oral bis-

phosphonates and other intravenous bisphosphonates

have also been used with similar findings [67, 68]. The

most rigorously conducted study to date using high

dose, intravenous pamidronate (1–1.5 mg/kg per day

on three consecutive days, given every 4 months) was

by Plotkin et al. [69]. This study entailed pre- and post-

treatment biopsies of affected and unaffected bone and

longitudinal radiographs of sentinel FD lesions. They

found pain and markers of bone metabolism were de-

creased, but there was no improvement in the radio-

graphic appearance or the propensity to fracture. This

work was also important and reassuring in showing that

there was no effect on longitudinal growth of the

children, nor was there evidence of a significant dele-

terious effect of bisphosphonates on the unaffected,

normal bone in children with FD treated with high

dose, intravenous pamidronate. The benefits and risks

of this class of drugs, the indications for treatment, and

the most effective treatment regimen (depending on

the indication) remain to be defined. Ongoing, pla-

cebo-controlled trials of bisphosphonates in patients

with FD in the US and Europe [70] may help to define

the role of these drugs. At this time, the only clear

indication for the use of bisphosphonates in FD is for

pain relief. When these drugs are used, the minimum

dose needed to relieve pain should be used. This is

especially true given the recently-described association

between the use of high dose bisphosphonates and the

development of osteonecrosis of the jaw [71].

Future treatment and research

Stem cells

Stem cell treatment for FD is attractive. After all, FD

is a disease of the bone marrow stromal cell (mes-

enchymal stem cell) [11, 12, 72]. As such, as a stem

cell disease, it may be a candidate for mesenchymal

stem cell tissue engineering [13, 73]. However, there

are a number of significant barriers to overcome

before this approach is practical. FD is a somatic

disease, so treatment would need to be targeted to

affected parts of the skeleton. Restoration of func-

tionality to established lesions would involve the

recreation of the fine bone architecture and use of

carriers, scaffolds and lattices that are not yet avail-

able in the clinics. However, given the broad interest

in tissue engineering techniques, and recent significant

gains in the preclinical [74] and clinical use of bone

marrow stromal cells [75], this approach may be

within our reach in the not so distant future.

Medical treatment

In theory, any new medication in use or in develop-

ment with bone specificity is potentially of use in the

treatment of FD. Drugs currently in use, other then

other bisphosphonates, include those approved for the

treatment of osteoporosis: raloxifene and parathyroid

hormone. The use of either of these in the treatment of

FD is intuitively unappealing. Raloxifene is an estro-

gen receptor modulator and in children this would act

as an anti-estrogen in bone, thus having potentially

deleterious effects on unaffected bone and likely to

have no effect on FD. Parathyroid hormone activates

the Gsa-cAMP signaling pathway, which is already

activated in FD and therefore of obvious concern.

There are new drugs in the development pipeline with

‘‘anti-resorptive’’ action including denosumab, a

monoclonal antibody-derived drug that inhibits RANK

ligand, and balicatib, an inhibitor of the enzyme central

in osteoclast action, cathepsin K. The mechanism of

action of these drugs is similar to that of the bis-

phosphonates, in that they inhibit osteoclastic bone

resorption, and advantages over the bisphosphonates

may not be significant. A new anabolic drug, a neu-

tralizing antibody to sclerostin, the protein involved in

the pathophysiology of van Buchem’s disease, is in

development. It may be of benefit in FD.

Fibrous dysplasia is a disease that is ideally posi-

tioned for molecular targeting. The fact that >95% of

the underlying molecular defects in FD occur at the

same amino acid make it a candidate for compounds

with specific activity at the protein harboring the R201

mutations. Drug discovery for such compounds can be

accomplished through high throughput screening of

molecular libraries with appropriate assays.

Summary

Fibrous dysplasia is a difficult disease to manage. The

sporadic mosaic nature of the disease means that it is

an uncommon disease with a variable expression. Each

case is unique, and the approach that was appropriate

in the previous case is likely not to be the best in this

case. The intrinsic fibrous and osteomalacic nature of

the tissue, and the propensity to involve the critical,

weight-bearing structures of the proximal femur, make

surgical intervention both necessary and challenging.

These intrinsic problems are sometimes compounded

by extrinsic endocrine disease, especially hypophos-
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phatemia and hyperthyroidism, which tend to exacer-

bate the intrinsic problems.

In spite of all of these challenges, over the 70 or so

years since the disease was first described, there has

been an evolution in the approach to treatment. First,

it is clear that most patients with FD warrant screening

for accompanying endocrine dysfunctions, and

screening and monitoring of scoliosis. Second, grafting

materials usually fail and should not be a central aspect

of the surgical approach. Third, intramedullary devices

are in general superior to side plates and screws in

most cases. Finally, there is some disease so severe that

no current surgical approaches will affect final func-

tional outcome, and in those patients doing less may be

the best approach. In the future, we can look to new

medical treatments that are on the horizon, and should

work for the initiation of international collaborative

studies to better define optimal surgical approaches to

the treatment of this challenging disease.
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