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excluding other causes of osteoporosis 
in this age group. Only a very small 
case series of this disorder in children 
has been reported. We present an 
interesting case of IJO and discuss the 
main diagnostic and treatment options 
currently available for this disease.

Patient descriPtion

An 11 year old, otherwise healthy, 
young girl of Ashkenazi-Jewish descent 
presented with severe back pain. The 
patient was an active child who danced 
regularly but not intensively. There was 
no history of trauma, eating disorder 
or systemic complaints, and no family 
history of pain or bone disease. Other 
than local tenderness of her back, the 
physical examination was normal. Plain 
X-ray and further magnetic resonance 
imaging revealed T7 compression frac-
ture. Laboratory inflammatory markers 
were normal. An open biopsy of the T7 
vertebra ruled out infection or tumor 
such as eosinophilic granuloma. The 
patient was put on a TLSO (thoraco-
lumbo-sacral orthosis) brace and was 
free of pain after 1 month. While still 
asymptomatic, repeat MRI 10 months 
later revealed multiple new compressed 
fractures [Figure]. Bone scan revealed 
the same findings. A second open biopsy 
of the T8 vertebra demonstrated acute 
and chronic inflammatory infiltrate 
with no granuloma or eosinophils. 

Further investigations were within 
normal limits. These included complete 
blood count with differential, erythro-

IJO = idiopathic juvenile osteoporosis 

o steoporosis, the most common meta- 
bolic bone disease in adults, is rare 

in children. In the pediatric population, 
the diagnosis of osteoporosis requires 
both a history of pathologic fractures and 
low bone mineral content or density [1]. 
The differential diagnosis of osteoporosis 
in childhood is large and often requires 
extensive testing to determine a definitive 
cause of the disease. Idiopathic juvenile 
osteoporosis is a very rare condition of 
bone demineralization that presents in 
childhood [2]. Diagnosis is reached by 

cyte sedimentation rate, C-reactive pro-
tein; liver, kidney and endocrinological 
studies; acid phosphatase, alkaline 
phosphatase, calcium, and phosphate. 
Autoimmune serology of antinuclear 
antibody, DNA, complement, immuno-
globulins, and angiotensin-converting 
enzyme, and serology for celiac disease 
were negative. 

No further therapy was suggested at 
this point, and the girl was kept in the 
TLSO brace and without sport activi-
ties. Nine months later she was referred 
to our department, while asymptom-
atic, and physical examination showed 
kyphosis but no tenderness to palpa-
tion of the vertebrae. An updated third 
MRI showed no new fractures and the 
kyphosis angle was 290. Since bone mar-
row was preserved and non-edematous, 
with no enhancement with gadolinium, 
malignancy was ruled out. The interver-
tebral disks were preserved, ruling out 
osteomyelitis or infection. DXA (dual 
X-ray absorptiometry) hologic measure-
ment adjusted for children by using the 
Stanford pediatric software normative 
data (http://www.stat-class.stanford.
edu/pediatric-bones/) showed a low 
bone mineral density at the lumbar spine 
of 0.503 g/cm, bone mineral content of 
15.98 g, a lumbar spine Z score of -3.03, 
and hip- Z score of -2.245. Laboratory 
investigation showed normal calcium, 
phosphate, ALP, vitamin D and para-
thyroid hormone levels, and a low 24 
hour urinary calcium and phosphate. 
Adrenocorticotropic hormone and 
cortisol levels, and thyroid function were 

ALP = alkaline phosphatase
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Spine MRI revealing multiple 
new condensed vertebral 
fractures at T8, T9, T10, and T11, 
in addition to the old fracture 
at T7. Note the significant 
kyphosis of 29o from T6 to T9  
of the spine.
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normal, and no inflammatory markers 
were present. Metabolic evaluation 
of bone revealed high bone turnover; 
serum P1NP (propeptide of type 1 pro-
collagen), a bone formation marker, and 
CTX (cross-links of collagen), a bone 
resorption marker, were elevated at 815 
(normal for premenopausal women < 
59) and 1.9 (normal for premenopausal 
women < 0.6), respectively. In adoles-
cents the usual values are about three 
times the upper limit of normal for the 
premenopausal range.

At this stage, after excluding other 
causes of osteoporosis, we reached the 
diagnosis of IJO. Since the patient was 
asymptomatic and there were no new 
fractures and no increase in the kyphosis 
angle, we decided, after consulting with 
an orthopedic surgeon, to put her on 
calcium and vitamin D supplementation, 
and an enriched diet high in calories 
and protein. The patient returned to low 
intensity/low impact sports activity and 
the TLSO brace was removed. After 4 
months of therapy, repeat bone turnover 
studies had improved. At her last follow-
up, at age 14, she had started puberty and 
was asymptomatic with no new fractures. 
There was clear improvement in her bone 
metabolism, and repeat adjusted DXA 
also demonstrated improvement.

comment 

The differential diagnosis of a child who 
presents with osteoporosis is wide rang-
ing and often requires extensive workup 
to identify a definitive origin. Common 
causes of osteoporosis in children in- 
clude osteogenesis imperfecta, leukemia, 
homocystinuria, inflammatory diseases, 
corticosteroid use, immobilization, ce- 
liac disease, malignancy, and osteo-
myelitis of bacterial and non-bacterial 
causes.

Clinical symptoms on initial pre-
sentation include musculoskeletal 
pain, most likely due to fractures of the 
vertebra and long bones. These frac-
tures may occur after minor trauma or 
spontaneously. Metaphyseal fractures 

in the bones of the lower extremities 
may cause gait disturbances and may 
be accompanied by muscle weakness. 
Physical malformations may also be 
present, which include kyphosis, as 
seen in our patient, loss of height, or a 
sunken chest. 

The next step in diagnosis is to per-
form blood tests to rule out infectious, 
metabolic, autoimmune, or endocrino-
logical causes of the condition. Plain X- 
rays are a pertinent test to perform as 
an initial evaluation for osteoporosis, 
together with newer, non-invasive test-
ing methods such as DXA and quantita-
tive computed tomography. The problem 
with DXA studies is the over-diagnosis 
of osteoporosis in children due to mis-
interpretation of data based on adult 
reference data. To help correct this mis- 
interpretation, the Stanford graph is 
used for children (http://www.stat-
class.stanford.edu/pediatric-bones). 
Histomorphometry may reveal mark-
edly decreased cancellous bone volume 
with a low bone turnover (decreased 
bone formation), resulting in load 
failure at sites where cancellous bone is 
essential for stability [3]. 

In the differential diagnosis for 
idiopathic juvenile osteoporosis, one 
must also include chronic recurrent 
multifocal osteomyelitis, a relapsing 
sterile inflammatory disease that affects 
2–5% of all patients with osteomyelitis 
[4]. This disease involves multiple sites 
on plain X-rays and bone scans, includ-
ing the pelvis, sternum, clavicle, man-
dible, spine and long bones. It presents 
more often in girls, with pain, limited 
activity, possible periarticular swelling, 
fever, and elevated ESR. Adjacent joint 
arthritis may precede the bone lesion, 
and non-specific histological features 
include acute and chronic inflammatory 
changes. There is no abscess, fistula, or 
sequestra formation. Since our patient 
had only vertebral involvement, and no 
fever, pain, or elevated inflammatory 

DXA = dual-energy X-ray absorptiometry
ESR = erythrocyte sedimentation rate

markers, we ruled out this option. A 
congenital cause, osteogenesis imperf- 
ecta, must be ruled out before a diag-
nosis of IJO can be reached. OI is a 
structural genetic defect in the quantity 
or quality of bone collagen production. 
Presentation of OI may be similar to that 
of IJO, but the family history, together 
with the blue, purple or gray sclera 
commonly found in OI, radiographic 
findings and, in some cases bone biopsy, 
help to distinguish between the two.

There is no established medical or 
surgical therapy for IJO, and often the 
condition remits spontaneously, so no 
treatment is necessary. However, it is 
important to detect IJO early, to protect 
the child’s spine and other bones until 
remission occurs, or to relieve severe 
pain. These protective measures include 
a back brace and/or crutches (especially 
if severe kyphosis is present), physical 
therapy, and the avoidance of unsafe 
weight-bearing activities. A well-bal-
anced diet rich in calcium and vitamin D 
is important. Another treatment option 
is bisphosphonates, which have been 
approved for the treatment of osteopo-
rosis in adults. Bisphosphonate [4,5], 
specifically intravenous pamidronate, 
has been effective in conditions such 
as chronic recurrent multifocal osteo-
myelitis and OI. Its use in IJO, usually 
for cases of severe pain, has also been 
proposed, with promising results, but 
is still regarded as experimental and 
should therefore be closely monitored. 
The follow-up of IJO consists mainly of 
monitoring bone metabolites and DXA. 

In conclusion, this case illustrates the 
challenges in diagnosing and treating 
IJO, a diagnosis of exclusion following 
the use of various modalities to rule out 
other causes with similar presentations. 
IJO patients usually recover spontane-
ously following puberty. However, in 
some cases the sequelae can lead to 
disability. In our patient, supportive 
measures, only, were provided when 
multiple vertebral fractures were found. 

OI = osteogenesis imperfecta
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If prevention of new fractures was 
considered the main therapeutic goal, 
the outcome was excellent since there 
was no disease progression. Hence, the 
question – whether or not to treat with 
bisphosphonates at that stage in order 
to protect the spine until remission, 
and with which modality – requires 
clinical skill and judgment. Because 
our team evaluation and diagnosis was 
done 10 months after onset of the initial 
symptoms, it was easier to decide on a 
conservative approach and not to use 
bisphosphonates. 
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“if god exists, i hope he has a good excuse”
Woody Allen (b. 1935), American screenwriter, film director, actor, comedian, writer, musician, and playwright. Allen's distinctive 

films, which run the gamut from dramas to screwball comedies, have made him a notable American director. He is also  
distinguished by his rapid rate of production and his very large body of work. For inspiration, Allen draws heavily  

on literature, sexuality, philosophy, psychology, Jewish identity, and the history of cinema.

Chromosomal translocations, whereby non-adjacent 
regions of chromosomes are inappropriately joined, are 
a hallmark of several different types of cancer. They can 
result in the generation of fusion proteins that bypass 
normal control mechanisms and can wreak havoc in cells. 
It has been assumed that translocation events occur 
randomly; whether more ordered processes are involved is 
unclear. The androgen receptor is a transcription factor that 
regulates gene expression during prostate development. 
Fusions between an androgen receptor target gene and 
genes encoding members of the ETS family of transcription 
factors place ETS proteins under the control of androgen 

and are associated with prostate cancer. Using androgen-
responsive prostate cells, Lin and colleagues were able to 
produce cancer-specific gene fusions by inducing genotoxic 

stress and adding androgen. The activation of the androgen 
receptor promoted encounters between physically separate 
genes in the nuclei of prostate cells, and genotoxic stress 
induced double-stranded breaks in intronic regions of these 
genes. Furthermore, androgen and genotoxic stress recruited 
proteins involved in sensing DNA breaks and mediating 
chromosomal rearrangements.
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activation of the androgen receptor and genotoxic stress induce prostate cancer 

In atherosclerosis and Alzheimer's disease, deposition of 
the altered self-components oxidized low density lipoprotein 
(LDL) and amyloid-β triggers a protracted sterile inflammatory 
response. Although chronic stimulation of the innate immune 
system is believed to underlie the pathology of these 
diseases, the molecular mechanisms of activation remain 
unclear. Stewart et al. show that oxidized LDL and amyloid-β 
trigger inflammatory signaling through a heterodimer of 
Toll-like receptors 4 and 6. Assembly of this newly identified 

heterodimer is regulated by signals from the scavenger 
receptor CD36, a common receptor for these disparate 
ligands. The results identify CD36-TLR4-TLR6 activation as a 
common molecular mechanism by which atherogenic lipids 
and amyloid-β stimulate sterile inflammation and suggest 
a new model of TLR heterodimerization triggered by co-
receptor signaling events.
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cd36 ligands promote sterile inflammation through assembly of a toll-like receptor 4 and 6 
heterodimer




