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from a deficiency of the lysosomal enzyme glucocerebrosidase (or acid β-glucosidase, EC 3.2.1.45). The enzyme is
encoded on chromosome 1 (1q21) and as a consequence of
the deficiency storage of its substrate, glucocerebroside, occurs in macrophages (3). Patients with non-neuronopathic
(type 1) GD, the most common form, appear with hepatomegaly, splenomegaly, anemia, bleeding tendencies,
thrombocytopenia, skeletal pathologies, growth retardation,
and, in severe cases, pulmonary disease. The bone manifestations include bone infarcts, avascular bone necrosis, lytic
lesions, osteosclerosis, fractures due to osteopenia or osteoporosis, and rarely acute osteomyelitis. Bone pain of varying
intensity, fractures, and progressive joint collapses may
cause impaired mobility and performances status, and increased morbidity (4). The bone involvement in GD is known
to be frequent: according to literature it occurs in approximately 75% of GD type 1 (GD1) patients (4, 5). Data from
the Gaucher Registry indicated that the frequency of any
bone involvement in GD1 is present in more than 90% of patients (6). Bone is a highly specialized supporting framework
of the body, characterized by its rigidity, hardness, and power of regeneration and repair. It protects the vital organs,
provides an environment for marrow (both blood forming and
fat storage), acts as a mineral reservoir for calcium homeostasis and a reservoir of growth factors and cytokines, and
also takes part in acid-base balance (7). Bone constantly undergoes modeling (reshaping) during life to help it adapt to
changing biomechanical forces, as well as remodeling to remove old, microdamaged bone and replace it with new, mechanically stronger bone to help preserve bone strength.
The bones have two components – the cortical bone that is
dense, solid, and surrounds the marrow space and the trabecular bone which is composed of a honeycomb-like network of trabecular plates and rods interspersed in the bone
marrow compartment (8). Bone is composed of support
cells, namely, osteoblasts and osteocytes; remodeling cells,
namely, osteoclasts; and non-mineral matrix of collagen and
non-collagenous proteins called osteoid, with inorganic mineral salts deposited in the matrix (Figure 1). There is a
growing knowledge the achievement of optimal peak bone
mass (PBM) is important for the prevention of bone loss in
later life (9). Up to 25% of PBM is acquired during the 2
years of peak height velocity. By age 18, at least 90% of
PBM has been acquired, while the remaining 10% will be
added later in the skeletal consolidation phase. Bone mineral mass gain during childhood and adolescence is influenced
by many factors. Genetic factors are estimated to determine
60-80% of peak adult bone mass, leaving environmental and
lifestyle factors as important contributors of 20-40% of bone
mass (like nutrition, lifestyle behaviours, exercise habits, exposition to sunlight and eventual drug administration) (Figure
2) (10, 11). In the course of the following decades (beginning
from 40 years) this quantity of bone tissue tends to decrease
in a progressive trend. Since the risk of fractures is in inverse relation to bone mass, the achievement of a high peak
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According to European legislation, a disease can be
considered rare or “orphan” when it affects less than 1
subject of 2000 (1). Often these diseases affecting the
pediatric age, are complex diseases and chronically debilitating and for this motive need the intervention of
multidisciplinary skills specific. Among the rare disease
as affecting the skeleton more than 400 are characterized by dysplastic changes of the skeleton (2). Alongside the disorders affecting the skeleton primitively,
many systemic diseases can have a bone involvement.
Among these, the Gaucher disease (GD), an heterogeneous lysosomal storage determined by hereditary enzyme deficiency of β-glucosidase. Patients with this disease have skeletal disorders of varying severity (Erlenmeyer flask deformity, lytic lesions and osteonecrosis,
pathological fractures) that affects both the bone marrow, both mineralized bone with progressive damage of
the tissue. The bone disease is the most debilitating of
GD and can have a significant impact on the quality of
life of patients. Thorough evaluations by monitoring biochemical markers of bone turnover and instrumental,
with a quantitative and qualitative evaluation of the
bone, are of fundamental importance to intervene early
so they can prevent complications irreversible.
KEY WORDS: Gaucher disease; osteoporosis; bone crisis; osteomyelitis; avascular bone necrosis; Bone Mineral Density (BMD); multidisciplinary.

Introduction
Gaucher disease (GD; OMIM#230800) is an autosomal recessively inherited lysosomal storage disorder. GD results
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Figure 1 - Bone elements: bone is composed by
cells (osteoblasts osteocytes osteoclasts, lining
cells) immersed in a matrix formed by collagen
type I and non-collagen proteins. The matrix is
mineralized for the deposition of inorganic salts
(mainly calcium and phosphate).
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Figure 2 - Interaction of genetic and non-genetic factors on bone mass.
The risk of osteoporosis depends on the achievement
of peak bone mass, which is mostly determined by
complex and selective genetic, hormonal, nutritional
and other environmental factors, which tightly interact.
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bone mass at the end of adolescence represents the best
modality to prevent the onset of fractures in adulthood (12).

Pathophysiology of bone diseases in GD
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The skeletal manifestations of GD include a variety of bone
pathologies due to several factors. Bone manifestations in
GD include bone infarcts, avascular bone necrosis, cortical
thinning, lytic bone lesions, osteosclerosis, fractures due to
osteopenia or osteoporosis and rarely acute osteomyelitis.
Bone pathologies may be divided into primary, secondary,
and tertiary changes. Primary changes are likely to be due to
altered cytokine expression or increased local pressure (4).
Changes of cytokines including inflammatory mediators, such
as interleukin (IL)-1, IL-6, and tumor necrosis factor-alpha
(TNF-a), consequently influence osteoclast and osteoblast
activity (4). In particular, the changes of some cytokines
which increase bone resorption by osteoclasts and reduced
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bone formation by osteoblasts seem to be of relevance to the
development of osteoporosis in GD (4, 13). Indeed, several
bone resorbing cytokines have been found to be elevated in
GD-patients (14, 15). Secondary changes, such as bone infarcts, may evolve out of complex pathological mechanisms
including changes of cytokine release, alteration of vascularity, and increased local pressure due to extensive glucocerebroside accumulation (16). Clinically, these pathologies are
acute events often accompanied by severe bone pain. Tertiary changes summarize those rather chronic pathologies
seen as further deterioration evolving out of secondary, firstly
acute, changes. In addition, an alteration of the cross-talk of
immune cell-osteoclast/osteoblast interactions is present in
GD (4). Change in total T-lymphocyte numbers with alteration
CD4+/CD8+ T-cells ratios with lower CD8+T has been described in GD with bone disease (17). Cathepsin K has been
identified as the principal expressed protein of the osteoclast
and its pattern of expression is restricted to osteoclasts, the
ovary, and colonic tissue (18). Cathepsin K is highly active in
Clinical Cases in Mineral and Bone Metabolism 2015; 12(2) 165-169
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fracture in men and women (25). Osteoporosis is manifested
by fractures but the definition of an osteoporotic fracture is
not straightforward. Common sites for osteoporotic fracture
are the spine, hip, distal forearm and proximal humerus;
however, one approach is to consider all fractures from low
energy trauma as being osteoporotic. “Low energy” may variously be defined as a fall from a standing height or less, or
trauma that in a healthy individual would not give rise to fracture (26). This characterization of low trauma indicates that
the vast majority of hip and forearm fractures are low energy
injuries or fragility fractures (27). Osteopenia and osteoporosis, is frequent in GD patients, occurring in all ages and in
both genders, and progresses with age (16, 28). Low bone
mass may be diffuse or localized and can affect both cortical
and trabecular bone, and is suggested to occur close to the
sites of Gaucher cell infiltration (16). Reduced BMD can be
detected as early as 5 years of age in GD1 patients, although it is most pronounced during adolescence (29). Failure to achieve optimal bone mass is likely to affect peak
bone mass and may contribute to osteoporosis and increase
the risk of pathological fractures and joint collapse during
adolescence (30, 31). Further studies (32-35) have confirmed these findings in GD-patients showing decreased
BMD at different sites (lumbar spine, neck, trochanter and
distal radius). Patients with lower BMD had 5-fold increase in
risk to experience a fracture (36). In addition, Khan et al. also indicated that, in the management of patients with GD1, a
spinal DXA Z-score <-1 should be a significant trigger for
therapeutic intervention directed at maintaining bone mineral
density above this value (36). From the metabolic point of
view, Giuffrida et al. (37) in a meta-analysis observed that
studies involving bone biomarkers in GD patients show variable results which do not currently support their routine use
for the clinical assessment of bone status, as an indication
for therapy initiation, or monitoring the response to therapy
suggesting that a greater understanding of bone markers
and the relation to the bone manifestations of GD is required
(37). Some studies have shown a positive effect of ERT and
Substrate Reduction Therapy (SRT) on the frequency of
bone crisis, bone pain and on BMD (38-40). Finally, in GD
patients with osteopenia/osteoporosis, few studies on the effects of bisphosphonates (BPs) have been reported in the literature (41, 42) but with etherogenicity of the results and design of study. In addition, no data on the fracture reduction
are so far available and the pathophysiology of GD bone
complications is not well understood (42). Biochemical markers, bone mineral quantity and quality parameters are needed in long-term studies for diagnosis, staging and monitoring
of the skeletal lesions (42) in GD. In addition, an “intelligent”
diagnostic approach will consider the use of anti-fracture
drugs and/or GD-specific drugs for reduction of fracture risk.
Recently Giuffrida et al. (43) have been reported that despite
numerous papers on bone complications in patients with GD,
there are no specific indications on how to assess properly
bone involvement in such condition. A multidisciplinary approach to the GD patient that also includes the bone specialist is predictable. The management of the bone loss of patients with GD should be whenever possible within or in
close connection with a center specialized in the diagnosis,
management and therapy of metabolic bone diseases. A
multidisciplinary approach could be important to better understand the complexity and the pathogenesis of bone involvement in GD. The Figure 3 indicates a possible approach to evaluate the bone metabolism change in patient

Bone manifestations of GD
Growth retardation
Growth retardation during childhood and an improves of
bone mineral density (BMD) and growth rates in pediatric patients with GD has been observed after the enzyme replacement therapy (ERT) (21).
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Erlenmeyer flask deformity
The Erlenmeyer flask deformity (EFD) describes a distinct
abnormality of the distal femora or other tubular bones and
in particular the proximal tibia. It occurs before puberty, develop progressively and it is present in 80% of adult patients.
Radiologically is characterized by a constriction of the diaphysis, flaring of the metaphysis and progressive enlargement
of the metaphyseal area (4).
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the cleavage of the bone matrix proteins collagen type 1 and
osteonectin and its role in bone resorption, modeling, and
turnover is clearly demonstrated by the occurrence of an osteopetrotic syndrome in mice homozygous for a disrupted allele of cathepsin K (19). An enhanced cathepsin K expression
has been observed in patients with GD (20).

Focal osteolytic lesions
They are frequently seen in GD, which may be combined
with other localized pathologies such as cortical thinning.
The bone has a “worm-eaten” aspect with radiological rarefied cortex and dentate endosteum (4).
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Osteonecrosis
It is the most relevant and invalidating skeletal manifestation
secondary to bone infarction. The most affected areas are
the femoral head, proximal humerus and vertebral bodies. It
is a non reversible manifestation and results in articular collapse and pathological fractures. In addition, in GD patients
bone infracts may also present with sudden onset of localized pain, tenderness, erythema, and swelling. Such acute
episodes of severe bone pain are frequently accompanied by
fever, elevated leukocytes, and an accelerated erythrocyte
sedimentation rate. This acute focal bone involvement of
GD, also called “bone crisis,” can result in aseptic osteomyelitis. “True osteomyelitis” is rare in GD, although clinical differentiation between aseptic and pyogenic osteomyelitis is difficult or even impossible at the time of onset.
Negative blood cultures and aspirates can exclude pyogenic
osteomyelitis (4). Finally, associated with bone infarction,
can be present an osteosclerosis often accompanied by severe pain (irreversible). It can result from: 1) necrotic bone
marrow dystrophic calcification and 2) increased activity of
periosteum above necrotic area in cases of extensive infarction (22, 23).
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Osteoporosis
The World Health Organization (WHO) has defined osteoporosis as a systemic skeletal disease characterized by low
bone mass and micro-architectural deterioration of bone tissue, with a consequent increase in bone fragility and susceptibility to fracture (24). Approximately 6% of men and
21% of women aged 50-84 years are classified as having osteoporosis. The prevalence of osteoporosis in women over
the age of 50 years is 3-4 times greater than in men – comparable to the difference in lifetime risk of an osteoporotic
Clinical Cases in Mineral and Bone Metabolism 2015; 12(2) 165-169
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Figure 3 - Bone metabolism evaluation.
DXA: Dual-energy X-ray absorptiometry: measurement of bone mineral density (BMD): lumbar spine, hip, wrist, total body;
QUS: Quantitative Ultrasound: heel, finger;
pQCT: Peripheral Quantitative Computed Tomography: leg, wrist;
QCT: Quantitative Computed Tomography: spine;
VFA: DXA Vertebral Fracture Assessment (VFA).
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with GD. By this way will be possible to refine and standardize the diagnostic and therapeutic approaches concerning
the bone disease in GD.
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