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Osteopetrosis is a rare inherited bone disease where bones harden and become abnormally dense. While the
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diagnosis is clinical, it also greatly relies on appearance of the skeleton radiographically. X-ray, radionuclide bone
scintigraphy and magnetic resonance imaging have been reported to identify characteristics of osteopetrosis. We
present an interesting case of a 59-year-old man with a history of bilateral hip fractures. He underwent **"Tc-methylene
diphosphonate whole body scan supplemented with single-photon emission computed tomography/computed
tomography of spine, which showed increased uptake in the humeri, tibiae and femora, which were in keeping

with osteopetrosis.
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INTRODUCTION

Osteopetrosis, translated as “stone bone,” is a rare inherited bone
disease. It is also known as marble bone disease where bones
harden and become abnormally dense, opposite to osteoporosis
whete bones become less dense and morte brittle, or osteomalacia
where bones soften. Various modalities of imaging have been
shown to be useful in detecting and diagnosing osteopetrosis.

CASE REPORT

A 59-year-old man with the previous history of bilateral hip
fractures was referred for a bone scan to rule out osteopetrosis
and assess site of increased metabolic activity. Dual-energy
X-ray absorptiometry (DXA) scan revealed high bone
density [Figute 1b and c]. Patient underwent “™Tc-methylene
diphosphonate (MDP) whole body scan supplemented with
single-photon emission computed tomography (SPECT)/
computed tomography (CT) of the spine. *Tc-MDP bone scan
showed increased tracer uptake at the proximal ends of humeri
and tibiae, proximal and distal ends of femora [Figure 2a]. Linear
uptake in the proximal femora and several lower ribs bilaterally
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was also noted and suggestive of fractures. SPECT images of
the spine were unremarkable [Figure 2b]. CT scan showed dense
sclerosis at the margins of the vertebral bodies (bone-in-bone
appearance) and within the pelvic bones [Figure 1d and ¢]. The
overall bone scan and SPECT/CT appeatrances wete in keeping
with osteopetrosis.

DISCUSSION

Etiology

Several different types of osteopetrosis have been described,
distinguished by the pattern of inheritance —autosomal dominant,
autosomal recessive, or X-linked.!" [Table 1].

Autosomal dominant osteopetrosis (ADO) is also known as
Albers-Schonberg disease after first being described in 1904.
Typically in the mildest form of the disorder, affected individuals
may show no symptoms. The incidence is 1:20000, and a mutation
in the CLCNY gene is responsible for 75% of ADO. PDue to its
benign symptoms, ADO is usually discovered by accident when
X-ray is done for another reason. Clinical manifestations become
apparent in late childhood or adolescence; symptoms include:
Multiple bone fractures, scoliosis, arthritis, and osteomyelitis.

Autosomal recessive osteopetrosis (ARO) has an incidence
of 1:250000. CLLCNY gene was identified in 10-15% of ARO
cases, and TCIRGT gene in 50% of cases.”! It is of a more
severe form and usually happens in early infancy. Dense skull
bones compress on nerves in the head and neck, resulting in
vision loss, hearing loss, dental abnormalities and paralysis
of facial muscles. Dense bones can also impair bone marrow
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function, causing haematological complications such as abnormal
bleeding, anaemia and recurrent infections, which in turn results
in hepatosplenomegaly.

Intermediate autosomal osteopetrosis (IAO) is a spectrum that
ranges between severe ARO and mild ADO. The affected individual
can have cither autosomal-dominant or autosomal-recessive
pattern inheritance. Signs become noticeable in childhood
and include increased risk of bone fracture. In general, they
do not have life-threatening bone marrow abnormalities, but
calcifications in the brain can cause intellectual disability, and
patients may also present with renal tubular acidosis.

X-linked osteopetrosis is rare and is due to mutation in the
IKBKG gene." It is charactetized by lymphedema and anhidrotic
ectodermal dysplasia. Individuals with this condition also have
immunodeficiency, which allows severe and recurrent infections
to develop.

Pathogenesis

Normal bone growth is regulated by a balance between bone
formation by osteoblasts and bone resorption by osteoclasts.
In osteopetrosis, gene mutations cause failure of the resorptive
process and hence a remodeling imbalance. The exact mechanism
is unknown, however deficiency of carbonic anhydrase II is

noted in osteoclasts of affected patients. Carbonic anhydrases
catalyze the formation of carbonic acid from carbon dioxide
and water. Carbonic acid then dissociates to produce protons,

Figure 1: (a) X-ray of spine shows dense and sclerosis at the margins of the
vertebral bodies in alternating parallel sclerotic and lucent bands (sandwich
vertebrae or “rugger-jersey” spine). (b) Dual-energy X-ray absorptiometry scan
shows dense sclerosis at the margins of the vertebral bodies and the T-score was
high at +6.5 (b and c). On computed tomography (CT) component of single-photon
emission computed tomography/CT, there is dense sclerosis at the margins of the
vertebral bodies (bone-in-bone appearance) and within the pelvic bones (d and e)

| s6

Indian Journal of Nuclear Medicine | Vol. 30: Issue |

which makes the resorption lacunae acidic. Absence of this
enzyme causes defective hydrogen ion pumping, which reduces
resorption by osteoclasts, as an acidic environment is required
for dissociation of calcium hydroxyapatite from bone mattix.P!
Hence, bone resorption fails while there is continuous formation,
forming excessive bone.

Imaging

Diagnosis of osteopetrosis is clinical, based on history and
physical examination showing bone defects. It also relies greatly
on appearance of the skeleton radiographically [Table 1].

On plain radiographs, osteopetrosis can present as osteosclerosis
or dense bones [Figure 1a]. Four classic features appear in
radiographs of patients with ADO: (1) Diffuse sclerosis,
affecting the skull, spine, pelvis and appendicular bones; (2)
Metaphysic long bone defects known as “Erlenmeyer flask
deformity,” and characteristic lucent bands; (3) “bone-in-bone”
appearance of the vertebrae and phalanges; and (4) sclerosis
of skull base, pelvis and vertebral end plates, giving rise
to “sandwich” vertebrae, and “rugget-jersey” spine.! The
appearance on radiographs can further differentiate ADO into
two subtypes. Type I shows pronounced sclerosis of the skull
with enlarged thickness of the cranial wall, and type II shows
mote sclerosis at the base.F!

Dual-energy X-ray absorptiometry is a method of measuring bone
mineral density (BMD). It gives quantitative measures and shows
elevation of BMD in patients with osteopetrosis® [Figure 1b]. It
is considered a safe and noninvasive means of assessing disease
progression and response after treatment.

Radiotracers have also been used to assess osteopetrosis.
9mTe-sulfur colloid scintigraphy is best used to show bone
marrow distribution of the disease. ™ Tc-MDP is used to show
uptake at multiple fracture sites and at splayed metaphyses
of long bones. Elster e/ al. also showed that it is possible to
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Figure 2: *mTc-methylene diphosphonate bone scan shows increased tracer
uptake at the proximal ends of humeri and tibiae along with proximal and distal
ends of femora. Linear uptake at the proximal femora and several lower ribs
bilaterally is suggestive of fracture at these sites
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Table 1: Summary of pathogenesis and management of
osteopetrosis!''2

Headings
Genetics

Summary

Autosomal dominant: Mutation in the CLCN7 gene
Autosomal recessive: Mutation in the
CLCN7 gene, TCIRG1 gene
X-linked: Mutation in the /KBKG gene
Types ADO
ARO
IAO
XLO
Remodeling imbalance
Deficiency of carbonic anhydrase Il in osteoclasts
leads to decrease in resorption by osteoclasts
while there is continuous bone formation
leading to excessive bone formation
Diffuse sclerosis, affecting the skull,
spine, pelvis and appendicular bones
Defects at metaphyses of long bones
known as “Erlenmeyer flask deformity”
and characteristic lucent bands
“Bone-in-bone” appearance (vertebrae and phalanges)
Focal sclerosis of skull base, pelvis and
vertebral end plates, giving rise to “sandwich”
vertebrae and “rugger-jersey” spine
DXA Artificial elevation of BMD
Bone scan Uptake at multiple fractures sites
Useful to correlate the appearance of bone
marrow stores with advancing age in children
CT Bone-in-bone” appearance in the vertebrae
and phalanges focal sclerosis of skull base,
pelvis and vertebral end plates, (“sandwich”
vertebrae and “rugger-jersey” spine)
MRI To determine the amount of remaining
marrow space in severe cases
Stepladder appearance
“Hair on end” appearances (reflects
marked haematopoietic activity)
ARO-stenosis of the internal carotid and vertebral
arteries, and extramedullary haematopoiesis
Symptomatic
Vitamin D supplements
Corticosteroids
Gamma interferon
Definitive cure is bone marrow transplant
ADO: Autosomal-dominant osteopetrosis, ARO: Autosomal recessive osteopetrosis,
IAO: Intermediate autosomal osteopetrosis, XLO: X-linked osteopetrosis, BMD: Bone
mineral density, DXA: Dual-energy X-ray absorptiometry, CT: Computerized
tomography, MRI: Magnetic resonance imaging

Pathogenesis

X-rays

Treatment

use “™Tc-MDP to cotrelate the appearance of bone martow
stores with advancing age in children” [Figure 2a]. Further, the
bone scan is useful to assess fracture sites and SPECT/CT, help
in accurate localisation, and to confirm or exclude any abnormal
sites of increased metabolic activity.

""Tc-human serum albumin (HSA), microspheres are used to
demonstrate absence of bone marrow activity, hepatosplenomegaly
and sites of extramedullary haematopoiesis, and may be helpful
in monitoring effectiveness of therapy after treatment.

Computed tomography scan often shows increased area of bone
density [Figure 1d and e], “bone-in-bone” appearance in the
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vertebrae and phalanges, and sometimes focal sclerosis of skull
base, pelvis and vertebral end plates, giving rise to “sandwich”
vertebrae, and “rugger-jersey” spine [Figure 1d].

Magnetic resonance imaging (MRI) is used in more severe
cases of osteopetrosis to determine the amount of remaining
marrow space. The characteristic appearance shows alternating
lack of signal with signal similar to intervertebral discs in the
marrow, giving a “stepladder appearance.” There may also be
“hair on end” appearances that reflect marked haematopoietic
activity. A recent MRI study with 47 affected patients showed
sclerosis and thickening of the calvaria in all patients. However,
there were two features that showed exclusively in patients with
ARO — stenosis of the internal carotid and vertebral arteries,
and extramedullary haematopoiesis, which is probably due to
the earlier age of onsetin ARO and greater severity in this form
of the disease.”

Treatment

Treatment of this disease is largely based on symptoms.”! While
some may be asymptomatic, many of these patients require
orthopaedic surgery at some point in their lives for fractures.
The only definitive cure for osteopetrosis is bone marrow
transplant,'” but other medications atre also used in nonsutgical
management. Vitamin D supplements can be used to stimulate
dormant osteoclasts, increasing bone resorption. Corticosteroids
are recommended to stimulate bone resorption and to treat
anaemia,'! along with erythropoietin. Gamma intetferon has also

been shown to be effective in improving immunity, increasing

bone resorption and enlarging marrow space.'?
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