
Abstract. Background/Aim: This study aimed to present a
rare case of fibrous dysplasia (FD) in a healthy young adult
man with a concomitant osteoporotic vertebral compression
fracture. FD is a benign lesion of the bone characterized by
replacement of the medullary component with fibro-osseous
tissue that contains abnormally arranged trabeculae of
immature woven bone. Recently it has been reported that
several bone tumors including FD express the receptor
activator of nuclear factor-kappa B (RANK) and its ligand
(RANKL). Therefore, we hypothesized that FD contributed to
osteoporosis, linked by the RANK-RANKL pathway of
osteoclastogenesis. Case Report: We report the case of a
healthy man with monostotic femoral fibrous dysplasia (FD)
with concomitant 7th thoracic vertebra compression fracture
due to osteoporosis [young adult mean (YAM) was 79% in
bone mineral density (BMD)]. After curettage of the FD,
artificial bone grafting in the cavity, and administration of
alendronate sodium, BMD improved considerably within 9
months. FD is a benign bone condition in which abnormal

fibrous tissue replaces normal bone. The axis of the receptor
activator of nuclear factor-kappa B (RANK) and its ligand
(RANKL) has been implicated in osteoporosis pathogenesis.
RANKL immunohistochemical staining was performed, and
strong staining of stromal cells was observed compared to
other FD cases that showed weak to moderate staining.
Conclusion: The presence of FD might have contributed to
the low BMD due to the RANK-RANKL axis acting as
osteoclastogenesis stimulator. 

Fibrous dysplasia (FD) is a benign lesion of the bone
characterized by replacement of the medullary component with
fibro-osseous tissue that contains abnormally arranged
trabeculae of immature woven bone. It may exist as an isolated
lesion (monostotic form) or it may involve multiple skeletal
sites (polyostotic form) (1-4). In monostotic FD, lesions are
usually asymptomatic, and most are discovered incidentally on
radiographs obtained for unrelated reasons (3, 4).

Osteoporosis is a systemic skeletal disease characterized by
decreased bone mineral density (BMD), which leads to bone
fragility and increased fracture risk (5, 6). It arises when bone
resorption exceeds bone formation, causing destruction of bone
tissue, leading to a fragile skeleton (7, 8). The receptor activator
of nuclear factor-kappa B (RANK) and its ligand (RANKL)
axis have been implicated in osteoporosis pathogenesis (8).
RANKL is a potent stimulator of osteoclastogenesis and
promotes osteoclast differentiation, leading to increased bone
resorption (1-4, 9), and it has recently been reported to be
expressed by several bone tumors (10).

We present a case of monostotic FD in the proximal femur
with concomitant osteoporotic vertebral compression
fracture. We hypothesized that the bone lesion contributed to
osteoporosis, linked by the RANK-RANKL pathway of
osteoclastogenesis. Therefore, we aimed to analyze RANKL
expression through the immunohistochemical staining of
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seven samples of histologically proven FD, including a
sample taken from the patient described in this study.  

Case Report

A 46-year old man was referred to our Institution because
of an incidental finding of a well-defined osteosclerotic
lesion in his right proximal femur. Three months prior to
referral, he had experienced sudden back pain after carrying
a miniature shrine during a festival. He consulted a local
hospital and was diagnosed with a compression fracture of
the 7th thoracic vertebra. Until the occurrence of this acute
back pain, the patient was free of complaints and was
active in daily living and work. The patient had no known
comorbidities. His family history was unremarkable. He
was a non-smoker and an occasional alcoholic beverage
drinker. Apart from the clinical findings associated with
vertebral fractures, the physical examination was
unremarkable. 

Computed tomography (CT) of the thoracic spine revealed
a compression fracture at the level of the 7th thoracic
vertebra (Figure 1a and b). Plain radiography showed a well-
defined lytic lesion with a sclerotic rim (Figure 2a), without
any periosteal reaction or cortical break at the right proximal
femur. A united right clavicular fracture could be seen on

plain chest radiography (Figure 2b). Magnetic resonance
imaging of the right hip showed an isointense lesion
spanning the femoral neck and proximal femur on a T1-
weighted image (Figure 3a), a heterogeneous hyperintense
lesion on a T2-weighted image (Figure 3b), and
enhancement of the lesion on a contrast-enhanced image
(Figure 3c). CT of the thoracic spine showed no abnormal
findings or compression fractures (Figure 1a and b).

Bone scintigraphy showed high uptake at the fractured 7th
thoracic vertebra and a united right clavicular fracture. It also
showed a low uptake at the 11th thoracic vertebra for the
minor compression fracture and at the right femoral neck for
the osteosclerotic lesion (Figure 4a). A fluorodeoxyglucose-
positron emission tomography/computed tomography (FDG
PET/CT) scan revealed abnormally high FDG accumulation
in the right thyroid gland (SUVmax=30.7), whereas weak
FDG accumulation was observed in the 7th thoracic vertebra
(SUVmax=4.3) and right proximal femur (SUVmax=3.8)
(Figure 4b, c and d).

Bone densitometry revealed low BMD at the lumbar spine
(0.942g/cm2), a T-score of -2.1, and a young adult mean
(YAM) of 79%. In contrast, the left femur showed normal
values and the right femur showed elevated values because
of the presence of an osteosclerotic lesion. In light of these
results, laboratory examinations were requested to rule out

CANCER DIAGNOSIS & PROGNOSIS 2: 93-100 (2022)

94

Figure 1. Thoracic spine computed tomography (CT) showing a compression fracture at the level of the 7th thoracic vertebra 8 [a: sagittal view
(white arrowhead), b: axial view]. Prain ragiogram of 7th thoracic spine 39 months after treatment showing a slight progression of the compression
fracture (black arrowhead) (c).
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Figure 2. Pelvic radiographs showing a well-defined lytic lesion with a peripheral sclerotic rim without any periosteal reaction or cortical break
at the right proximal femur (a). United fracture of the right clavicle (white arrow) (b). Immediate post-operative radiographs showing internal
fixation using a compression hip screw with a 135-degree 4-hole side plate and a 100 mm lag screw (c). Plain radiogram 60 months after showing
no recurrence and a good incorporation of the grafted substitute (d).

Figure 3. Magnetic resonance imaging of the right hip. A T1-weighted image (TR 205 ms, TE 2.484 ms) showing an isointense lesion spanning the
femoral neck and proximal femur (a), a T2-weighted image (TR 6816.67 ms, TE 107.436 ms) showing a heterogenous hyperintense lesion (b), and
a contrast-enhanced image (TR 4.32 ms, TE 2.06 ms) showing an accumulation of contrast causing hyperintensity of the lesion (c). 



the possibility of secondary causes that might be contributing
to the low BMD of the patient.  

Blood and biochemical test results (Table I) were normal,
except for elevated levels of serum uric acid, elevated liver
enzymes (AST, ALT, and γ-GTP), and thyroglobulin.
Because of the abnormal FDG accumulation in the right
thyroid gland (as shown by FDG-PET/CT) and elevated
thyroglobulin levels, further investigations were warranted
to rule out the possibility of malignancy. The patient
underwent thyroid biopsy, revealing normal thyroid cells
without any malignant cells, and was diagnosed with a
benign thyroid lesion. 

After exclusion of all possible secondary causes of
osteoporosis based on radiologic and laboratory studies, the
patient was diagnosed with primary idiopathic osteoporosis.
He underwent an open biopsy of his right proximal femur, and
the postoperative histopathological results concluded that the
lesion was fibrous dysplasia (Figure 5a). The patient
underwent another surgery with curettage, bone augmentation

using a synthetic bone substitute (β-tricalcium phosphate:
Osferion® Olympus, Tokyo, Japan), and internal fixation using
a compression hip screw (JAPAN MDM, Tokyo, Japan)
(Figure 2c). Postoperatively, the patient was started on
alendronate sodium hydrate 35 mg/tablet, one tablet once a
week, and vitamin D 1,000 mg/tablet, 1 tablet daily. Medical
management was continued for 39 months. Conservative
management through observation was performed for
osteoporotic vertebral compression fractures (Figure 1c).

To evaluate RANKL expression in this case, we
performed immunohistochemical staining and analysis. A
rabbit polyclonal antibody raised against RANKL (1:200;
ab9957; Abcam, Cambridge, UK) was used as the primary
antibody. We used an anti-rabbit immunoglobulin G (IgG)
conjugated with peroxidase-labeled polymers (EnVision,
Dako, Carpinteria, CA, USA) as the secondary antibody. We
included six specimens of histologically-proven FD to
evaluate RANKL expression. Staining intensity was graded
as weak, moderate, or strong (11). Strong RANKL
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Figure 4. Bone scintigraphy. High uptake at the fractured 7th thoracic vertebra and united right clavicular fracture. Low uptake at the right femoral
neck for the osteosclerotic lesion (a). FDG-PET/CT scan (b). High FDG accumulation in right thyroid gland with an SUVmax of 30.7 (c). Weak
FDG accumulation in 7th thoracic vertebra with an SUVmax of 3.8 (d). Right proximal femur with an SUVmax of 3.8 (e).



expression was detected in this case (Figure 5b and c),
whereas weak to moderate expression was observed in the
other six cases (Figure 5d and e) (Table II). This study was
approved by the Ethics Committee of the Kanazawa
University Hospital (no. 3283) and conducted in accordance
with the Declaration of Helsinki. Informed consent was
obtained from the patient using the opt-out method.

The patient had an unremarkable postoperative follow-up.
He continued to be asymptomatic with no evidence of
recurrence at the right proximal femur (Figure 2d) and no
further vertebral collapse on the latest imaging taken at 60
months after surgery. Continuous improvement of the
patient’s BMD was also noted by serial bone densitometry
(Table III), even after the discontinuation of bisphosphonates
and vitamin D supplementation.

Discussion

Monostotic FD is a benign lesion in the bone that is usually
asymptomatic and discovered incidentally on radiographs
obtained for other reasons. The polyostotic form may also be
accompanied by extra-skeletal abnormalities, such as single or
multiple endocrinopathies and cutaneous hyperpigmentation
(café-au-lait spots) in the classical triad of McCune–Albright
syndrome. FD accounts for 2.5% to 7% of all benign bone
tumors (4), and the monostotic form is more common and
accounts for approximately 80% of patients with these bone
lesions (3).

FD is caused by a mutation in the α-subunit of the
stimulatory G protein (Gsα), leading to excessive cyclic
adenosine monophosphate (1-4). This mutation creates bone
marrow stromal cells with an impaired capacity to
differentiate into mature cells (3). Hence, the normal bone
and bone marrow are replaced by disorganized fibro-osseous
tissues (9). 

Osteoporosis is a skeletal disorder characterized by
decreased BMD, which leads to  bone fragility and increased
fracture risk (5, 6). It arises when bone resorption exceeds
bone formation, causing the destruction of bone tissue and
leading to a fragile skeleton (7, 8). In osteoporosis, the
interaction of RANK and RANKL has been identified as the
final common pathway through which bone resorption is
regulated (8). RANKL is a potent stimulator of
osteoclastogenesis that promotes osteoclast differentiation
and leads to increased bone resorption (1, 9). In our case,
because it is uncommon for a healthy young adult male to
be diagnosed with osteoporosis, work-ups were performed
and an osteosclerotic lesion was incidentally found in the
right proximal femur. Because of the presence of this bone
lesion, there was a need to analyze whether the two bone
pathologies correlated with each other.  

Laboratory tests were performed to determine the
possibility of a systemic disorder or other bone-related
diseases. Most of the laboratory test results were within
normal levels, including those for bone metabolic markers.
Although levels of serum uric acid and liver enzymes were
elevated, they did not produce any derangement of bone
density. The elevated thyroglobulin levels required further
investigation because they were accompanied by high FDG
accumulation in the right thyroid gland (as determined by an
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Table I. Blood biochemistry values.

                                                    Result                      Reference interval

Hemoglobin                              14.8 g/dl                           13.5-17.0
Hematocrit                                   43.7%                             39.7-51.0
WBC                                         6.45×103                             3.3-8.8
Platelet                                       350×103                            130-350 
PT                                                  10.7                               10.5-12.9 
PT-INR                                          0.95                               0.83-1.04
APTT                                            26.9                               27.3-40.3
CRP                                          0.1 mg/dl                               <0.3
Sodium                                     141 mEq/l                           135-149 
Potassium                                 4.4 mEq/l                             3.5-4.9
Chloride                                   106 mEq/l                            96-108
Calcium                                    9.4 mg/dl                            8.0-10.5
1, 25 VD3                                45.2 pg/ml                             20-60 
BUN                                          11 mg/dl                            8.0-22.0
UA                                            7.4 mg/dl                             3.6-7.0
ALP                                           230 IU/l                             115-359
AST                                            44 IU/l                                13-33 
ALT                                             97 IU/l                                 8-42
γ-GTP                                        116 IU/l                               10-47 
LDH                                           169 IU/l                             119-229 
HbA1c                                          5.9%                                4.6-6.2 
FBS                                           97 mg/dl                             69-109 
Intact P1NP                           69.9 microg/l                       19.0-83.5 
TRACP-5b                                    471                                170-590 
SIL-2R                                      198 U/ml                            127-582
FT3                                          3.26 pg/ml                          2.30-4.00
FT4                                           1.43 ng/dl                          1.00-1.80
TSH                                       1.64 microU/l                       0.27-4.20
Thyroglobulin                         100.9 ng/ml                           1.4-78 
PTH                                         40.1 pg/ml                          10.3-65.9
Calcitonin                                  31 pg/ml                                   
CK                                              70 IU/l                               62-287 
T-Bilirubin                                1.1 mg/dl                             0.3-1.2
D-Bilirubin                               0.2 mg/dl                               <0.5
Albumin                                      64.3%                             59.1-71.5

WBC: White blood cell; PT: prothrombin time; PT-INR: prothrombin
time-international normalized ratio; APTT: activated partial
thromboplastin time; CRP: C-reactive protein; 1, 25 VD3: 1, 25 vitamin
D3; BUN: blood urea nitrogen; UA: uric acid; ALP: alkaline phosphatase;
AST: aspartate aminotransferase; ALT: alanine aminotransferase; γ-GTP:
gamma-glutamyl transpeptidase; LDH: lactate dehydrogenase; HbA1c:
hemoglobin A1c; FBS: fasting blood sugar; Intact P1NP: intact
aminoterminal propeptide of type I procollagen; TRACP-5b: tartrate-
resistant acid phosphatase-5b; SIL-2R: soluble interleukin-2 receptor;
FT3: free triiodothyronine 3; FT4: free triiodothyronine 3; TSH: thyroid
stimulating hormone; PTH: parathyroid hormone; CK: creatine kinase; T-
Bilirubin: total-bilirubin; D-Bilirubin: direct-bilirubin.



FDG-PET/CT scan). It is vital to rule out the possibility that
this was the primary cause of the bone abnormalities; hence,
thyroid biopsy was performed and revealed benign findings.
A previous study suggested that levels of male sex hormone
should be determined because low testosterone levels can
produce hypogonadism and cause secondary osteoporosis
(5). Although we were not able to determine this, our patient
did not present any signs or symptoms of hypogonadism
during examination and system review, ruling it out as a
probable cause. 

Radiological studies showed no osteolytic lesions nor any
aggressive features of the fractured 7th thoracic vertebra. A
previous study suggested that biopsy is recommended for
lesions that appear morphologically aggressive in radiologic
studies (12), therefore biopsy of the spine was not
considered. The patient bone densitometry results showed a
YAM of 79% in the lumbar spine. In the Japanese 2011
guidelines for the prevention and treatment of osteoporosis,
primary osteoporosis is diagnosed according to these criteria
in the absence of diseases causing low bone mass or
secondary osteoporosis: 1) fragility fracture (sites including
the spine, proximal femur, and distal radius) is a
nontraumatic bone fracture that is caused by a slight external
force to a bone with low BMD (less than 80% of the YAM);
and 2) BMD is less than 70% of YAM with evidence of
radiographic osteopenia of the spine (13). The patient had
normal laboratory results, no osteolytic lesion or aggressive
features in his vertebra by radiologic studies, and a YAM of
79%; therefore, he fulfilled the first criteria for osteoporosis

with a vertebral fracture. Overall, it was concluded that the
vertebral compression fracture originated from primary
osteoporosis. 

It has been recently reported that RANKL is expressed in
several bone tumors, proven by real-time PCR and
immunohistochemistry (10), and that there is a 16-fold
increase in serum RANKL levels in FD patients compared
to healthy volunteers, which strongly correlate with the
burden of the disease (9). However, this pathway has not yet
been proven and fully understood in FD pathophysiology. It
has also been reported that RANKL inhibition might be a
therapeutic target of FD (9, 14), and the expression of
RANKL in FD might influence the situation of osteoporosis,
which caused a fragility fracture in our patient. 

A study using alendronate sodium to manage osteoporosis
concluded that administration of 75 mg once a week, 35 mg
twice a week, and 10 mg daily for 24 months increased the
BMD of the lumbar spine by 6.8%, 7.0%, and 7.4%,
respectively, with the greatest gain occurring after 6 months of
intake (15). In contrast, our patient was started postoperatively
on alendronate 35 mg/tablet once a week, and his repeat bone
densitometry after 9 months of intake showed an increase in
BMD at the lumbar spine by 16.5% (from 0.942 g/cm2 to
1.097 g/cm2, T-score from -2.1 to -0.8, and YAM from 79% to
92%). This was a considerable increase compared to the
alendronate study. We hypothesized that the surgery might have
decreased the tumor burden, decreasing the possible increase
of RANKL levels in our patient, which might have contributed
to the primary osteoporosis.
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Table II. Patient demographics.

Patient                      Age              Gender                      Operative site                                               Procedure                                         IHC of RANKL 

This case                   46                    M                        Proximal femur                      Curettage filled with β-TCP and CHS                          Strong
1                                 38                    M                         Distal humerus                                                Biopsy                                                 Moderate
2                                 26                    F                         Proximal femur                              Curettage filled with α-TCP                                Moderate
3                                 38                    M                        Proximal femur                              Curettage filled with α-TCP                                   Weak
4                                 38                    M                      Femoral diaphysis                            Curettage filled with α-TCP                                Moderate
5                                 25                    M                        Proximal femur                      Biopsy and prophylactic plate fixation                        Moderate
6                                 62                    M                                 Ilium                                                        Biopsy                                                     Weak

TCP: Tricalcium phosphate; CHS: compression hip screw; IHC: immunohistochemistry.

Table III. Bone densitometry trend (Lumbar Spine).

                                 Pre Op.                    Post 9 mos                    Post 16 mos                   Post 28 mos                  Post 40 mos                   Post 60 mos

BMD                          0.942                          1.097                              1.035                              1.140                             1.117                              1.012
T-score                        –2.1                            –0.8                                –1.3                                –0.4                               –0.6                                –0.7
YAM                           79%                            92%                                87%                                96%                              94%                                93%

Op: Operation; mos: months; BMD: bone mineral density; YAM: young mean adult.



The primary osteoporosis in our patient was linked to the
FD lesion and, therefore, both disease entities can be linked
to the RANK-RANKL axis. In this study, we performed
RANKL immunohistochemical staining of seven specimens
of histologically proven FD cases, including one taken from
our patient. The results showed that our patient had strong

staining of stromal cells for RANKL compared to the other
cases. These results suggest that FD with high RANKL
expression might induce osteoporosis. Although we were
unable to prove that the patient had elevated serum RANKL
levels, it was determined instead by the presence of strongly
stained stromal cells for RANKL by immunohistochemistry.
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Figure 5. Hematoxylin and eosin staining of biopsy specimens revealed the irregular trabeculae of woven bone without a conspicuous osteoblastic
rim and fibrous stroma composed of spindle shaped cells (a). RANKL immunohistochemical staining of our patient sample showed strong staining
of stromal cell (b, c). Staining results for another patient (Case 5) showed weak staining stromal cells (d. e). The scale bar corresponds to 100 μm. 



Moreover, we did not perform BMD analysis except for in
the case of our patient; therefore, the effect of the degree of
RANKL expression on BMD has not been clarified. Further
prospective and large-scale analyses are required.

In conclusion, we present a case of FD concomitant with
primary osteoporosis, with all secondary causes of
osteoporosis excluded. The patient drastically recovered after
FD removal alendronate sodium administration; therefore, FD
might have contributed to the low BMD of the patient due to
the RANK-RANKL axis acting as a osteoclastogenesis
stimulator. 
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