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Abstract

Purpose Controversy exists regarding approach to treat-
ment of pediatric patients with fibrous dysplasia.

Methods We retrospectively reviewed medical records of
seven patients who were treated at our institution for
fibrous dysplasia by intramedullary rod fixation without
bisphosphonate supplementation.

Results  Seven patients with a total of ten fibrous dys-
plasia lesion sites surgically treated by intramedullary rod
fixation were included. Of these ten lesion sites, eight
demonstrated pathologic fracture at the time of fixation.
Complete fracture healing was observed in all eight sites,
with no incidence of recurrent pathologic fractures exam-
ined radiographically. There were no major infections or
neurologic deficits, and lesions appeared to stabilize.
Conclusions 1In this series, intramedullary rod fixation
proved to be successful in treatment of acute pathologic
fracture and incompletely healed fibrous dysplasia lesions.
We observed partial resolution of fibrous dysplasia lesions
at all ten sites without significant long-term complications.
Following treatment, there were no refractures.

Level of evidence Level IV, case series.
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Introduction

Fibrous dysplasia of bone is a disease of abnormal bone
architecture in which there is an overproduction of disor-
ganized fibrotic bone matrix [1]. It may present as mono-
stotic fibrous dysplasia evidenced by a single dysplastic
skeletal lesion, or as polyostotic fibrous dysplasia sub-
stantiated by multiple dysplastic lesions throughout the
skeleton [2, 3]. Fibrous dysplasia may also be a component
of McCune-Albright syndrome, which is characterized by
three pathologic manifestations: bone lesions which show
osteitis fibrosa on histologic examination; brown non-ele-
vated pigmented areas of the skin (cafe-au-lait spots); and
endocrine abnormalities in females that are often associ-
ated with precocious puberty [4, 5].

The evolution of fibrous dysplasia is quite variable, and
has the potential to cause significant morbidity. Harris et al.
[6] remarked that when fibrous dysplasia develops early in
life, the natural history is often marked with severe
deformities and recurrent fractures [6]. Patients often
present with bone pain secondary to fatigue fractures or
pathologic fractures, structural deformities, or with a limp
[7].

Several treatment methods have been proposed includ-
ing non-operative management with pamidronate infu-
sions, operative management with casting, curettage and
bone grafting, fixation with screws and plates, and intra-
medullary rod fixation. There is increasing evidence that
conservative management with casting and curettage and
bone grafting yields unsatisfactory results in long-term
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treatment of fibrous dysplasia, especially in cases of more
severe fractures of the lower extremities [8—13]. Internal
fixation with intramedullary nails of pathologic fractures
has revealed more promising results with decreased inci-
dence of postoperative deformity of the affected extremity,
as well as less risk of recurrent fracture [9-12, 14].

It is apparent from the literature that controversy exists
regarding the approach to treatment of pediatric patients
with fibrous dysplasia. This is especially true for those
presenting with pathologic fracture. This paper is a retro-
spective cohort review of the successful orthopedic treat-
ment of fibrous dysplasia by intramedullary rod fixation
without bisphosphonate supplementation.

Materials and methods

Our Institutional Review Board approved the retrospective
chart and radiograph review without patient recall. Seven
patients with a total of ten fibrous dysplasia lesion sites
surgically treated by intramedullary rod fixation were
included in this series. Of these ten lesion sites, eight lesion
sites demonstrated pathologic fracture at the time of fixa-
tion. Incidence of previous pathologic fractures and
incomplete healing was observed at the remaining two
lesion sites. Patients 3, 4, and 5 (Table 1) had multiple
lesion sites.

Patients were initially diagnosed clinically and radio-
graphically, and confirmed histopathologically, with one of
three types of fibrous dysplasia. Considered in this study
are two patients with monostotic fibrous dysplasia and five
with polyostotic fibrous dysplasia. The average age of each
patient at the time of surgery was 11.0 years (range 7-17).
All acute pathologic fractures involved the long bones; four
involved the femur, two the tibia, one the humerus, and one
the radius. Of the two fibrous dysplasia lesion sites dem-
onstrating previous fracture and subsequent incomplete
healing, one involved the tibia and one the humerus.
Table 1 details the age of each patient at the time of pre-
sentation and operation, the index procedure, the type, size,
and number of intramedullary rods used in each operation
as well as the implantation of locking screws.

Closed reduction was performed in seven operations and
open reduction was utilized in one operation in those cases
of recent fracture.

The surgical procedure in a subtrochanteric femoral
fracture (Patient 3, Table 1; Fig. 1) consisted of a femoral
osteotomy to correct bowing of the femur, followed by
reaming the medullary canal and retrograde placement of
an interlocking reconstruction nail and locking screws.
Crushed cancellous bone allograft was placed into the
fracture site. One distal femoral fracture (Patient 5) was
managed by reaming the medullary canal with subsequent
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antegrade placement of an interlocking reconstruction nail
with proximal and distal locking screws. A second distal
femur fracture (Patient 7) was treated with closed reduction
and retrograde placement of two 4.0 mm flexible titanium
nails. One proximal femoral fracture (Patient 6) was sta-
bilized by closed reduction and retrograde intramedullary
fixation with three flexible titanium nails. Pre-, intra-, and
postoperative imaging can be seen in Figs. 2, 3, 4.

Two tibial fractures (Patients 1, 3) involved reaming of
the medullary canal followed by antegrade placement of an
intramedullary humeral nail with proximal locking screw.
One additional fibrous dysplasia tibial lesion (Patient 4)
with previous pathologic fracture and incomplete healing
following conservative management with casting was
treated prophylactically by reaming and antegrade insertion
of an intramedullary tibial nail.

A humeral diaphysis fracture (Patient 2) was treated
with intramedullary fixation by passage of three flexible
titanium nails retrograde. One patient with a fibrous dys-
plasia lesion (Patient 4) involving the humeral diaphysis
and proximal metaphysis suffered a proximal humeral
pathologic fracture that failed conservative treatment with
casting. The patient underwent intramedullary fixation by
retrograde advancement of four flexible titanium nails
through the pathologic diaphysis and proximal metaphysis.
This was performed during the same operation in which a
pathologic fracture of the ipsilateral radius was treated by
retrograde intramedullary fixation with three flexible tita-
nium nails.

In all cases, nail position was visualized by fluoroscopic
guidance. Aggregates of bone and surrounding tissue were
collected intra-operatively and the diagnosis of fibrous
dysplasia was confirmed histopathologically. Patients were
not treated with bisphosphonates prior to or during treatment.

Radiographic analysis entailed comparison of pre-
operative lesion to postoperative lesion status at last fol-
low-up. Lesions were evaluated by observation of radio-
lucency of bone, cystic appearance, endosteal scalloping,
and cortical contour and thickness. Postoperative lesion
status was classified into one of four possible outcomes:
progression of lesion, no change, partial resolution, or
complete resolution. Progression of lesion was defined by
increased radiolucency and cystic appearance, irregular
cortical contour and decreased cortical thickness with or
without the development of endosteal scalloping. Partial
resolution was characterized by decreased radiolucency
and cystic components, thickened cortices, lessened irreg-
ular cortical contour, and an attenuation in the degree of
endosteal scalloping if present pre-operatively. Lesions
were deemed completely resolved if there were no dis-
cernible radiographic abnormalities, including no lytic or
cystic areas, and with normal cortical borders and
thickness.
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Fig. 1 Patient 3: lateral postoperative X-ray (a) shows osteotomy with placement of intramedullary nail through lesion. Radiograph at 4-year
follow-up (b) reveals complete healing and residual lesions along the lateral cortex

Results

Following the intramedullary fixation, several parameters
were assessed at follow-up including fracture healing and
recurrence, progression or partial resolution of lesions at
last follow-up, recurrence of lesions, pain, range of motion
in adjacent joints of affected long bones, and complica-
tions. The last postoperative follow-up visit and assessment
ranged from 3.5 to 10 years in eight of the nine cases. One
recent case with 1 year follow-up was included because
complete fracture healing and significant resolution of the
lesion was already observed. The overall mean length of
follow-up was 6.3 years.

Complete fracture healing was observed in all eight
fracture cases with no incidence of recurrent pathologic
fractures when examined radiographically. Cortices of the
affected long bones were thickened in all cases, all patients
had full range of motion in adjacent joints, and all patients
remained pain-free at the last follow-up visit. In all cases,
lesions were stabilized.

@ Springer

Fig. 2 Patient 6: fibrous lesion involving the left femur viewed pre-
operatively on plain radiograph

There were no major complications of infection or neu-
rologic deficit. A few minor complications were encoun-
tered. One patient incurred a stress fracture of the proximal
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Fig. 3 Patient 6: intraoperative placement of intramedullary rods (a, b) observed under fluoroscopy

Fig. 4 Patient 6: complete healing of fracture and stabilization of
lesions at 9.3 years follow up (note interim hardware removal)

tibia at the site of a prominent locking screw 6 years post-
operatively. The screw was removed and local bone graft
was placed in the screw site and site of the stress fracture.
One month later there was significant healing at the fracture
site and no progression of any lesions. Another complica-
tion resulting from femoral fracture fixation involved soft
tissue irritation at the nail insertion site on the distal femur,
requiring removal of the flexible nails after the lesion had
stabilized 10.5 months postoperatively. In this case, the
pain was completely resolved 1.5 months following nail
removal. Additionally, films visualizing the femur obtained
without concurrent orthopedic clinical assessment confirm
continued resolution 9.3 years postoperatively (excluded
from analysis due to lack of corresponding clinical mea-
sures). In one case, a patient developed an antalgic gait with

a Trendelenburg limp 14 months after intramedullary rod
fixation of a left distal femoral fracture. The same patient
had a 0.75 in. leg length discrepancy 1.75 years postoper-
atively which required surgical equalization by epiphysi-
odesis of the right knee. Subsequently, the limp resolved,
and the affected leg was 0.5 in. shorter than contralateral
leg 4 years postoperatively.

Discussion

Fibrous dysplasia is regarded as a non-inherited genetic
disease [1, 15]. It is characterized by expanding fibrous
lesions consisting of bone mesenchymal cells that produce
a matrix of disorganized collagen fiber deposition and
islands of woven bone [15]. As part of the McCune-Al-
bright syndrome, the proposed pathogenic basis resides in
somatic mutations of the Gs(o) gene early in embryogen-
esis resulting in mosaicism [15]. The mutation triggers
increased activity of the o subunit of the G stimulatory
protein (Gs), resulting in constitutive activation of aden-
ylate cyclase and subsequent increased cyclic adenosine
3',5'-monophosphate (cAMP) in various tissues, which
may be responsible for the abnormalities seen in patients
with McCune-Albright syndrome [15].

A more recent analysis of osteoblastic cells expressing
the Gs(o) gene mutation showed a twofold to threefold
increase in cellular proliferation compared to normal
osteoblastic cells in the same patient [1]. The study also
demonstrated increased proliferation of osteoblastic cells in
more severe fibrotic bone lesions compared to less severe
ones which may explain the overproduction of a disorga-
nized fibrotic bone matrix seen in polyostotic fibrous dys-
plasia and monostotic fibrous dysplasia [1]. There is also
evidence that increased activity of osteoclasts are

@ Springer



282

J Child Orthop (2013) 7:277-283

responsible for the expanding fibrous lesions which sug-
gests treatment with bisphosphonates may be beneficial by
inhibiting osteoclastic resorption of bone [16].

Radiographic features in fibrous dysplasia were well
summarized in a paper by DiCaprio and Enneking [7].
They described the lesions as radiolucent with a grayish
“ground-glass” pattern, occasionally with cystic areas.
Lesions often have a distinct rim of reactive bone on its
boundaries, irregular cortical contour, and variations in
cortical thickness that may be secondary to “endosteal
scalloping”, referring to the slow resorption of the endos-
teal surface [7].

Curettage and bone grafting has long been a frequently
employed modality of treatment for fibrous dysplasia. There
is much controversy in the literature regarding the long-
term success of this intervention. In a study by Guille et al.
[13], 13 of 27 femoral lesions were treated by curettage and
bone grafting. They propose that curettage further disrupts
what little trabecular support remains in the bone as no
lesions were eradicated or decreased in size and all bone
grafts were eventually resorbed. Ippolito et al. [9] reported
the persistence of dysplastic tissue and resorption of bone
grafts of femoral lesions following curettage and bone
grafting, and, thus, recommend avoiding this treatment
modality in patients with polyostotic fibrous dysplasia and
McCune-Albright syndrome. Stephenson et al. [8] con-
cluded that curettage and bone grafting of lower extremity
lesions associated with fibrous dysplasia yielded unsatis-
factory results in 25 of 31 patients under the age of 18.

Pamidronate infusion therapy of fibrous dysplasia has
shown varying results. Several studies show significant
decrease in pathologic fracture rate and pain associated
with the bone lesions [17-24]. However, when lesion status
was assessed radiographically, the results varied widely.
One study reported only two out of eight patients achieved
a reduction in size of the bone lesion [18], and another
study revealed that only 29 out of 58 patients exhibited a
reduction in lesion size [21]. Results from a study by
Plotkin et al. [17] of 18 children and adolescents with
polyostotic fibrous dysplasia who received pamidronate
therapy for at least 1 year (up to 9 years) disclosed no
radiographic evidence of filling of lytic lesions or thick-
ening of the bone cortex surrounding the lesions in any
patient. Chan and Zacharin [25] actually reported expan-
sion of lesions in three patients with McCune-Albright
Syndrome treated with long-term pamidronate. Histomor-
phometric analysis of dysplastic bone tissue revealed no
difference between those patients that received pamidro-
nate versus those without any treatment [17]. Alendronate,
an oral bisphosphonate used in osteoporosis and children
with osteogenesis imperfecta, has been shown in recent
case reports to have similar efficacy in treatment of fibrous
dysplasia [26, 27].
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Methods of internal fixation most commonly employed
include plates and screws, and intramedullary nails. Ste-
phenson et al. [8] described satisfactory outcomes in 18 of
21 patients under the age of 18 who had lower extremity
lesions treated by internal fixation. Guille et al. [13] pro-
posed internal fixation (with no distinct advantage of one
type of internal fixation over another) with valgus osteot-
omy early in the course of the disease as the best treatment
approach to patients with fibrous dysplasia of the proximal
femur with varus deformity.

Several studies have reported good outcomes by treat-
ment of fibrous dysplasia with intramedullary rod fixation
[9-12, 14]. Ippolito et al. [9] advocate intramedullary rod
fixation as the best treatment option for patients with pol-
yostotic fibrous dysplasia or McCune-Albright syndrome,
specifically with extensive femoral or other long limb bone
involvement. They concluded it provides long-term sta-
bilization of the bone as well as preventing recurrent
fracture and deformity [9]. In a recent comprehensive
review of fibrous dysplasia, DiCaprio and Enneking [7]
concluded that when surgical correction is required to
correct deformity or to prevent or stabilize a pathologic or
fatigue fracture, cortical allograft or intramedullary fixation
of the entire long bone are superior treatment options.

In the present study, intramedullary rod fixation proved
to be very successful in treatment of both acute pathologic
fracture and in stabilizing incompletely healed fibrous
dysplasia lesions. Following treatment, there were no
pathologic fractures, and lesions were stabilized. All
patients had full clinical recovery without residual symp-
toms. It is important to note that this was obtained without
the use of bisphosphonates as adjunct therapy. These
results indicate intramedullary rod fixation following
pathologic fracture provides definitive long-term treatment
in children and adolescents with fibrous dysplasia. We
advocate early surgical intervention in such patients.
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