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 Today bone involvement in GD is known to be 
frequent: according to literature it occurs in 
approximately 75% of GD type 1 (GD1) 
patients. 

 With the systematic use of various imaging 
modalities, the frequency of any bone 
involvement in GD1 has been reported to be 
more than 90% of patients.
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 Bone involvement can also be seen to varying 
degrees in GD type 3 (GD3), whereas children 
with GD type 2 show no clinically relevant 
bone involvement because rapid neurological 
deterioration leads to death at 2–3 years of 
age, prior to the onset of bone pathology.
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 Primarily, bone marrow is infiltrated by lipid-
laden macrophages, called Gaucher cells. 

 The spine, pelvis, and in particular the 
diaphyseal region of the femur and humerus
are initially affected (Figs. 1 and 2).

 The progressive accumulation of 
glucocerebrosides within the bone marrow 
cavity leads to a progressive centrifugal 
expansion of the red bone marrow.
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 The displacement of inactive yellow marrow 
by red marrow in the periphery alters 
vascularity and local pressures possibly 
leading to localized thrombosis or infarction 
by Gaucher cells.

 Pathologies such as bone crises, avascular
necrosis, bone infarcts, and localized cortical 
thinning may be explained in part by these 
effects.
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 In addition, glucocerebrosidase accumulation 
seems to induce macrophage activation, 
which may promote additional inflammatory 
processes due to the altered expression of 
different macrophage-derived factors and 
cytokines. 

 The activity of osteoclasts and osteoblasts
are influenced by a variety of hormones 
including estrogen, testosterone, parathyroid 
hormone, or thyroid hormone.
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 The effects of hormones on the skeleton can 
be mediated either directly by hormone 
receptors located on osteoblasts and 
osteoclasts or indirectly by various other cells 
of the immune system.

 Changes of cytokines including inflammatory 
mediators, such as interleukin (IL)-1, IL-6, and 
tumour necrosis factor-alpha (TNF-a), 
consequently influence osteoclast and 
osteoblast activity.
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 Overall, this cross-talk of immune cell–
osteoclast/ osteoblast interactions, known as 
osteoimmunology, reveals bone metabolism to 
be a complex network of interacting factors 
including bone marrow and immune and bone 
cells. 

 In GD, the complex interactions of cells of the 
bone marrow with bone as two separate 
compartments closely interacting with each 
other may explain some of the changes seen in 
bone disease with GD.
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 The skeletal manifestations of GD include a 
variety of bone pathologies due to the 
progressive glucocerebroside storage, 
changes of vascularity, and impaired bone 
remodeling as described above.

 Bone manifestations in GD include bone 
infarcts, avascular bone necrosis, cortical 
thinning, lytic bone lesions, osteosclerosis, 
fractures due to osteopenia orosteoporosis, 
and rarely acute osteomyelitis.
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 Furthermore, growth retardation during 
childhood and extraosseous manifestations 
of bone disease should be mentioned.

 In most patients bone disease in GD shows a 
progressive course over years. 

 Overall, the bone manifestations in GD are 
one of the most debilitating aspects of the 
disease.
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 From a clinical point of view GD patients 
frequently face acute or chronic episodes of 
dull, achy bone pain of varying intensity.

 The clinical symptoms of bone disease in GD 
and its complications such as bone crisis, 
avascular necrosis with joint destructions, or 
fractures place a heavy burden on the 
patients quality of life.
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 In a review on the skeletal aspects of GD 
Wenstrup et al divided the bone pathologies 
associated with GD into three groups: 

 >>(a) focal disease (irreversible lesions, e.g., 
osteonecrosis, osteosclerosis), 

 >>(b) local disease (reversible abnormalities 
adjacent to heavily involved marrow, e.g., 
cortical thinning, bone deformities),

 >> (c) generalized osteopenia.
 However, this descriptive and morphologically 

orientated division of bone pathologies in GD 
does not explain the different pathologies.
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 Alongside this division, based on current 
knowledge the development of bone 
pathologies in GD might also be seen as a 
sequence of events (Fig. 3).

 Bone pathologies seen in GD may be divided 
into primary, secondary, and tertiary 
changes.
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 Primary changes are likely to be due to 
altered cytokine expression or increased local 
pressure. 

 Upon enzyme replacement therapy (ERT) 
these pathologies are at least partly 
reversible.
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 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.

 Clinically, these pathologies are acute events 
often accompanied by severe bone pain.

۱۸



 Tertiary changes summarize those rather 
chronic pathologies seen as further 
deterioration evolving out of secondary, 
firstly acute, changes.

 Secondary and tertiary changes will leave 
scars within the bone and bone marrow, 
which will remain unchanged even on ERT.
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 Growth retardation has been reported in GD.
 After initiation of ERT most patients showed 

growth acceleration and regained normal 
weight.
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 The Erlenmeyer flask deformity (EFD) describes a distinct 
abnormality of the distal femora (Fig. 4).

 It can also be seen on occasions within the metaphyseal
region of other tubular bones, in particular the proximal 
tibia.

 EFD results from impaired modeling within the di-
metaphysis and abnormal cortical thinning, due to local 
bone marrow infiltration by Gaucher cells. 

 This leads to a lack of the typical concave di-metaphyseal
curve resulting in an Erlenmeyer flask-like appearance.

 EFD, although common in GD, is not pathognomonic for 
GD.

 Recently Faden et al, described 20 distinct disorders 
associated with EFD.
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 Reduced bone density is common in GD and 
is associated with an increased risk of fracture 
(Fig. 5).

 Generalized osteopenia correlates with 
overall disease severity;

 Vertebral density was an independent 
predictor of the severity of bone 
involvement.
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 Focal osteolytic lesions are frequently seen in 
GD, which may be combined with other 
localized pathologies such as cortical thinning 
or bone extensions (Fig. 6).

 Increased cathepsin K excretion by activated 
osteoclasts may play a role in the 
development of osteolytic lesions.
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 Infarction by Gaucher cells, alterations of 
vascularity including thrombosis, and 
possible additional inflammatory processes 
lead to bone infarcts (Fig. 7).

 These may occur without any clinical 
symptoms or only slight pain.
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 However, 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.
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 Osteonecrosis is believed to be secondary to 
ischemia due to chronic infarction.

 It is an irreversible process and 
predominantly affects the femoral head, 
proximal humerus, and vertebral bodies, 
resulting in possible fractures and joint 
collapse (Fig. 8).
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 Additionally, after bone infarction focal 
osteosclerosis or osteoarthritis may occur 
depending on the location of the bone 
infarct.
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 Cortical thinning and long bone deformity 
can be frequently seen in areas adjacent to 
bone marrow infiltration. 

 Increased local bone marrow pressure due to 
extensive glucocerebrosidase accumulation 
and possibly also locally activated osteoclasts
may play a role in the development of this 
bone pathology.

۴۰



۴۱



 A very rare skeletal manifestation in GD is an 
extraosseous extension of Gaucher cells, 
which occurs after cortical destruction and 
extraosseous extension into tissue adjacent 
to the bone (Fig. 9).
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 Likely cortical thinning promoted by 
increased local pressure, altered vascularity, 
and increased cortical porosity due to 
cytokines activating osteoclasts may precede 
cortical destruction.

 It has to be regarded as a manifestation of 
severe bone disease, and so far, only few 
cases have been described.
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 The differential diagnoses for extraosseous
extension include osteomyelitis and 
hematological malignancy.

 MRI and the biopsy of the lesion, or, if 
clinically necessary, its surgical removal, will 
lead to the diagnosis.
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 The extent of bone involvement in GD cannot be 
estimated solely by clinical examination, thus 
necessitating bone imaging.

 Imaging of bone and bone marrow in GD aims 
to evaluate the disease burden, to show up the 
presence of skeletal complications and to follow 
up treatment effects on bone disease.

 A number of imaging modalities are available 
for the evaluation of bone manifestation in GD.
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 Plain radiography is broadly available and 
inexpensive, but it shows a low sensitivity in 
detecting skeletal pathologies in GD.

 However, it can be used in the detection of bone 
complications such as fractures or dislocation of 
joint replacements. 

 It is regarded as the method of choice for the 
evaluation of joint arthroplasty . 

 Furthermore, X-ray can detect local deformities 
of bone including Erlenmeyer flask deformity, 
cystic or tumorous lesions, and localized cortical 
thinning.
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 MRI can visualize with high sensitivity all 
kinds of morphological bone manifestations 
seen in GD. 

 Different MRI modalities are used in the 
evaluation of bone involvement in GD.
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 The infiltration of bone marrow by Gaucher cells 
creates hypointense signals.

 Patients on ERT show a normalization of signal 
intensity due to the reduction of Gaucher cell 
deposition and increase in fatty yellow marrow.

 MRI is the method of choice to evaluate the 
extent of bone disease prior to therapy and 
during follow-up in patients on therapy.

 It is also the most sensitive method to detect 
femoral head necrosis.
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 Although scintigraphic methods are not 
recommended as first-line methods for the 
evaluation and follow-up of bone disease in GD , 
they can be used for specific clinical questions. 

 As an alternative to MRI, 99 mTc-methylene
diphosphonate (99 mTc-MDP) bone scintigraphy
can be used in the discrimination of 
osteomyelitis and avascular necrosis  if 
performed 72 hours after clinical onset , adding 
significant information in this setting, since 
discrimination of these two conditions by clinical 
means is often difficult or impossible.
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 Further applications of bone scintigraphy
include the detection of occult fractures or 
the evaluation of loosening of hip joint 
prostheses, in which case 3-phase bone 
scintigraphy should be applied.
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 Bone marrow scintigraphy indirectly 
visualizes the bone marrow infiltration by 
Gaucher cells by imaging the extent of bone 
marrow displacement. 

 The lipophilic tracer 99 mTc-methoxyisobutyl
(99 mTc-MIBI) directly images the glycolipid
deposits due to Gaucher cells, thus being 
useful for the quantification of bone marrow 
infiltration prior to therapy and during follow-
up on ERT.
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 Direct imaging of bone marrow infiltration by 
Gaucher cell deposits by 99mTc-MIBI 
scintigraphy is also of particular interest in 
children in whom bone marrow undergoes a 
developmental conversion from red to yellow 
marrow in the appendicular skeleton.
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 Thus, MRI interpretation is more difficult in 
young GD patients than in adults in 
estimating the exact amount and extent of 
bone marrow infiltration by Gaucher cell.

 Furthermore, scintigraphy could be used as 
an alternative to MRI in those patients who 
cannot undergo MRI imaging (e.g., 
pacemaker, joint replacements, or 
claustrophobia) and in places with limited 
access to MRI.
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 Bone mineral density (BMD) measured by 
osteodensitometry (DXA) has a central role in the 
quantification of bone loss and the diagnosis of 
osteoporosis. 

 The extent of osteopenia correlates with clinical 
indicators of disease severity including prior 
splenectomy .

 Further studies  have confirmed these findings in GD 
patients showing decreased BMD at different sites 
(lumbar spine, neck, trochanter, distal radius).

 So far, there are no studies available that correlated 
reduced BMD with fracture risks in GD patients.
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 For the routine diagnostic work-up of bone 
disease in GD bone biopsies are only of 
relevance where lesions suspicious for 
malignancy and unamenable to other 
imaging are under investigation.
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 Quality of life could be assessed using SF-36 
survey.

 Furthermore, as pain is a frequent clinical 
symptom associated with bone disease in GD, 
assessment of pain using scaling systems such as 
the visual analog scale (VAS) or narrative analog 
scale (NAS) should also be used in routine 
follow-ups of GD patients.

 This would ensure adequate pain management, 
comparison of pain level between follow-ups, 
and better quantification of treatment effects.
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 MRI scanning is the method of choice for baseline 
evaluation and follow-up.

 MRI scanning of the spine, the femora, and eventually 
also the pelvis, is generally recommended at baseline.

 Patients should be followed up every 24 months, if 
possible even every 12 months;

 furthermore, those patients receiving ERT should be 
assessed at times of dose adjustments.

 The Düsseldorf Score is useful in the evaluation of the 
extent of bone marrow involvement within the lower 
extremities.
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 Scintigraphic methods, although not 
generally used for investigations in GD, can 
be performed for specific questions as 
outlined above, in particular if MRI cannot be 
performed or is not available.
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 Plain radiographs can be used to detect bone 
complications such as fractures or bone 
deformities, but due to its low sensitivity in 
detecting bone disease in GD, the routine use of 
X-ray is not recommended in the diagnosis and 
follow-up of GD neither in children nor in adults. 

 However, when MRI scanning is not available 
(e.g., in developing countries), X-rays may be the 
only available alternative to follow up bone 
disease in GD.
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 DXA scanning is generally recommended for 
the evaluation and follow-up of GD patients.

 According to the recommendations given, 
scans at 1- to 2-year intervals are advised. 

 However, as BMD changes can be expected 
to evolve only after several years, longer 
intervals should be considered based on the 
least significant change (LSC) of DXA 
measurements.
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 As other pathological conditions are 
frequently present in GD at the sites of DXA 
measurements (lumbar spine, hip), 
complimentary evaluation of these regions 
by either X-ray or MRI in order to exclude 
pathologies, which cause false high BMD 
results (e.g., vertebral fractures, avascular
necrosis of the hip), needs to be performed 
for adequate DXA interpretation.
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 Therapeutic goals concerning the bone 
manifestations in GD1 include:

 (a) the reduction or elimination of bone pain 
within 1–2 years, 

 (b) the prevention of bone crises,
 (c) the prevention of osteonecrosis and 

subchrondral joint collapses,
 (d) the improvement of BMD (pediatric patients: 

attain normal or ideal peak skeletal mass, and 
increase cortical and trabecular BMD by year 2; 
adult patients: increase trabecular BMD by 3–5 
years).
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 The effects of any therapy should also be 
interpreted according to the underlying 
changes. 

 Based on the differentiation of bone changes in 
GD into primary, secondary, and tertiary 
changes, as outlined above, ERT should aim to 
resolve in particular primary changes and to 
prevent secondary changes.

 However, secondary or even tertiary changes, 
already being present, might not be expected to 
be influenced by any therapy.
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 In several clinical trials ERT has shown to 
effectively improve the visceral and 
hematological domains and other disease 
parameters (e.g., chitotriosidase) in GD1 
within a short period.

 The response to ERT of bone disease in adult 
patients with GD is considered to be much 
slower.
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 In other studies a reduction of bone pain and 
bone crisis could also be seen within a short 
time and further decreases of these 
symptoms could be observed during 2 years 
of ERT.

 Correlating with the reduction of theses 
symptoms, ERT showed to have a significant 
positive effect on the quality of life in GD 
patients with bone disease after 2 years of 
treatment.
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 However, compared with the rapid reduction 
of bone pain and bone crisis, morphologically 
associated changes were seen only after 
longer periods of therapy.

 Improvements on MRI were seen at the 
earliest after 2–3 years of treatment, whereas 
in another study a decrease in bone marrow 
accumulation of glucocerebroside and 
increase of BMD was seen only after 3–4 
years of ERT.
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 Higher ERT doses (80 U/kg/4 weeks) 
demonstrated a more pronounced and 
quicker response of bone marrow 
involvement according to MRI as compared 
to lower ERT doses (15–30 U/kg/4 weeks).

 A marrow response to ERT may be 
dependent on the initial size of the spleen 
prior to therapy.
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 GD patients not treated with ERT showed a decreased 
BMD of about 1SD below the reference population 
remaining unchanged over time.

 Patients receiving ERT revealed a slow improvement 
of BMD with greater BMD increases in those patients 
treated with higher ERT dosages. 

 After 8 years of ERT the BMD approached that of the 
reference population. 

 Based on these results normal age- and sex matched 
BMD seems to be achievable over many years for GD 
patients when on ERT.
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 In pediatric patients ERT improved bone mineral  
density (BMD) and growth rates  and a 
resumption of growth could be demonstrated. 

 In a large cohort study of 884 children on long-
term ERT  the median height approximated that 
of the normal population after 8 years of 
therapy.

 No further bone crisis occurred after 2 years of 
ERT, and BMD normalized after 6.6 years of ERT.
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 On the contrary, Drelichman et al. reported 
on interruption of ERT for 15–36 months in 
children leading to recurrence of 
splenomegaly, hepatomegaly, worsening of 
blood count, growth retardation, and serious 
bone manifestations that did not resolve 
after restart of ERT.
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 In summary, in the short term patients on 
ERT should have a rapid resolution of bone 
crisis and improvement in bone pain.

 In the long term ERT appears to increase 
bone mineral density and decreases bone 
complications.
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 After initial ERT, SRT has also demonstrated to 
be an effective therapeutic approach in the way 
that organomegaly was reduced and 
hematological parameters improved or 
remained stable.

 Results regarding the effects of SRT on bone 
disease in GD1 are limited so far.

 Similar to ERT, SRT also showed a positive 
effect on bone pain and bone crisis.

 After 12 months of SRT no bone pain or any new 
bone crisis was observed.
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 Based on these still limited data, it seems that SRT 
with miglustat exhibits a rapid positive action on bone 
pain, the occurrence of bone crisis, and the severity of 
bone manifestations in GD1.

 The underlying mechanism of miglustat on bone 
manifestation in GD may be due to its good 
penetration ability into bone and bone marrow cavity, 
as miglustat is a small molecule, and its effects on 
osteoclastogenesis.

 Overall miglustat seems to be a therapeutic 
alternative for the therapy of bone disease after initial 
therapy with ERT.
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 Several drugs are currently available for the 
treatment of osteoporosis including oral and 
intravenous bisphosphonates, hormone 
replacement therapy, raloxifene, calcitonin, 
strontium-ranelate, and 1–34 and 1–84 
parathyroid hormone.

 In GD patients with osteopenia or 
osteoporosis additional bone-specific 
therapies may be applied besides disease-
specific therapy with either ERT or SRT.
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 Besides the positive effects o 
bisphosphonates on bone density, no data on 
fracture risk reduction are available for GD 
patients.
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 Osteonecrosis, in GD most commonly 
affecting the femoral head (Fig. 8), but also 
other sites such as the proximal humerus and 
vertebral bodies, is one of the severest bone 
complications of GD. 

 In this respect, the possible side effect of 
bisphosphonate-related osteonecrosis of the 
jaw (ONJ) has to be considered with 
particular interest in GD.
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 Several risk factors have been identified for the 
occurrence of ONJ including head and neck 
irradiation, trauma, periodontal disease, local 
malignancy, chemotherapy, glucocorticoid
therapy, age >60 years, and female sex. 

 Also dental surgery or tooth extraction have 
been identified as additional risk factors.

 According to literature, no cases have been 
reported of ONJ in GD-1 patients on 
bisphosphonates so far.
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 Other specific osteoporosis therapies are not 
reported in GD patients so far, although they are 
also potentially applicable. 

 With respect to the pathological changes of 
bone turnover in GD with both increased bone 
degradation and impaired bone formation, 
osteoanabolic drugs such as parathyroid 
hormone or strontium ranelate may be of 
particular use in GD patients, a circumstance 
that will have to be evaluated in further studies.
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 So far, no specific recommendations are 
available for GD patients concerning the use 
and the amount of dosage of calcium and 
vitamin D.

 Schiffman et al. found calcitriol ineffective in 
increasing BMD in splenectomized GD 
patients .

 Recent data suggest that vitamin D 
deficiency is widely prevalent in GD.
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 These results should highlight increased 
attention to possible vitamin D deficiency in GD-
1 patients. 

 In order to optimize care of bone disease in GD 
patients, treatment with calcium and vitamin D, 
has to be recommended also for GD patients 
with osteopenia or osteoporosis.

 Frequent evaluation of vitamin D levels will help 
to evaluate whether the treatment goal of 
vitamin D sufficiency with 25 (OH)D >75 nmol/L 
(30 ng/mL), as defined by many vitamin D 
experts, has been achieved.
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 GD-patients may necessitate orthopedic 
surgery for bone complications due to bone 
infarcts, avascular necrosis, or fractures (e.g., 
to prevent paraplegia after vertebral 
compression fracture or to protect mobility).

 However, it has to be mentioned that 
orthopedic interventions in GD patients are 
associated with increased bleeding 
complications and loosening of replacement 
due to the underlying disorder.

۸۵



 Avascular necrosis, most frequently seen 
within the hip in GD, places a great disease 
burden leading to progressive destruction of 
the affected joint.

 In particular in case of hip involvement 
consequent immobility will have a significant 
impairment and effect on quality of life for 
the patient.

 Total hip arthroplasty may be performed to 
restore joint function.

۸۶



 Lebel et al. investigated the effects of hip 
drilling for juxtaarticular osteonecrosis at a 
pre-collapse stage in young GD patients.

 The authors found equally poor results in 
those patients with and without drilling, thus 
concluding that drilling seems to have no 
beneficial outcomes for GD patients.
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 Before ERT was available splenectomy was 
the only method to improve the disease 
status in patients affected with severe 
cytopenias, functional hypersplenism, or local 
mechanical pressure due to extensive 
splenomegaly.

 However, in the long term splenectomy has a 
negative effect on the course of bone 
involvement in GD.
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 Using BMB scores, splenectomized GD 
patients had higher BMB scores indicative of 
severe bone disease than non-
splenectomized patients.

 Besides severe bone diseases splenectomized
GD patients also revealed bone 
manifestations more progressive over time 
compared with GD patients without 
splenectomy.
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 Bone disease in GD consists of complex 
pathological changes of bone and bone marrow. 

 Progressive and irreversible changes to bone, 
bone pain, and fractures are high burdens for the 
affected patients and reduce their quality of life.

 Early detection and monitoring of the extent of 
bone disease by various imaging modalities, 
preferentially MRI, give the basis for therapeutic 
decision making.
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 As ERT and SRT have shown positive effects in 
association with bone disease, in particular rapid 
reduction of bone pain, frequency of bone crisis, 
and overall improvement in quality of life, 
therapy should be applied as early as possible. 

 Other therapeutic options such as therapy with 
bisphosphonates may be beneficial, although 
data are limited for GD.

 All in all, further efforts have to be made to 
better understand the complex pathologies of 
bone disease in GD.

۹۲



 Ng et al. [96] recently hypothesized that 
additional calcium phosphate cement, which is 
already widely used in stabilization of fractures, 
in conjunction with standard decompression of 
the osteonecrotic femoral head may prevent 
joint collapse.

 The additional application of calcium phosphate 
cement may also place a new possibility in the 
treatment of avascular hip necrosis in GD, 
although this needs to be studied in the future.

۹۳
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