
INTRODUCTION

Gaucher disease (GD) is one of the most common lysosomal storage disorders, with a global incidence 
of 0.4-5.8/100,000 live births and a prevalence of 0.7-1.8/100,0001. It is caused by a deficiency of the ly-
sosomal enzyme β-glucocerebrosidase (also known as glucosylceramidase or acid β-glucosidase), which 
is responsible for the degradation of glucosylceramide into ceramide and glucose. The activity of the 
enzyme depends on the presence of saposin C, an activator protein derived from the proteolysis of the 
precursor encoded by the PSAP gene2. The enzyme deficiency leads to the progressive accumulation of 
glucosylceramide and other glycolipids in the lysosomes of tissue macrophages3, with the formation of 
typical “Gaucher cells”4. The deficiency of β-glucocerebrosidase promotes the activation of an alterna-
tive pathway, in which glucosylceramide is converted into glucosylsphingosine (Lyso-Gb1). This molecule 
is the deacetylated form of glucosylceramide and is the main sphingolipid present in the plasma of 
affected patients. This molecule, together with its metabolites, is considered an important mediator of 
many cellular dysfunctions observed in the disease5.

The pathological involvement affects the monocyte-macrophage line, which is responsible for the 
degradation of cells rich in glycosphingolipids, such as erythrocytes and leukocytes4. Gaucher cells accu-
mulate mainly in the liver, spleen, central nervous system and bone marrow6.
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Genetically, GD is caused by pathogenic variants of the GBA1 gene, either in homozygosity or in 
compound heterozygosity. The gene, located on chromosome 1q21, encodes the enzyme β-glucocere-
brosidase. The disease follows an autosomal recessive inheritance pattern. The Human Gene Mutation 
Database7 reports more than 400 variants of the GBA1 gene, most of which are single-nucleotide sub-
stitutions. However, a consistent genotype–phenotype correlation has not always been demonstrated.

GD is classically divided into three main clinical forms:
  •	Type 1: the non-neuropathic and most common form;
  •	Type 2: the acute neuropathic form, typically with onset in childhood and a severe prognosis;
  •	Type 3: the chronic neuropathic form.

Type 1 GD can occur in both childhood and adulthood and is mainly characterized by splenomegaly, 
hepatomegaly, bone marrow infiltration, anemia and thrombocytopenia8.

Type 2 GD manifests within the first 2 years of life with severe and early neurological involvement9.
Type 3 GD can manifest in childhood or adolescence and is characterized by the peripheral symptoms 

of type 1 GD associated with progressive involvement of the central nervous system with oculomotor 
apraxia, epileptic seizures and cognitive decline9.

Bone involvement is one of the most frequent and debilitating long-term manifestations of type I 
and III GD, although there are reports of rare cases with early onset10.

Bone involvement leads to defects in bone mineralizationwith increased risk of fractures, bone de-
formities, osteolysis and osteonecrosis with possible severe painful acute episodes called bone crisis11. 
According to data from the International Collaborative Gaucher Group Gaucher Registry12, 94% of the 
1,698 patients in the registry had at least one radiological sign of bone involvement.

This review aims to provide a comprehensive overview of bone complications in GD, analysing different 
aspects, including pathophysiological mechanisms, current methods of diagnosis and follow-up, the response 
to available specific treatments for GD and osteo-active drugs, and, finally, future perspectives on this topic.

 

METHODS

The literature search was conducted on PubMed using the following key words: “Gaucher disease”, and 
“bone or skeletal manifestations/complications”, “osteopenia/osteoporosis”, “fractures”, “bone miner-
al density” (BMD), “bone magnetic resonance”, “bone turnover markers”, “enzyme replacement thera-
py”, “substrate reduction therapy” (SRT), “bisphosphonates”, “teriparatide”, “denosumab”. All types of 
study designs were included. Articles were further selected by authors based on the full text or abstract, 
according to their relevance to the topic.

 

MECHANISMS INVOLVED IN BONE PHYSIOLOGY

The bone tissue is characterized by an inorganic component, which provides rigidity and strength, and 
by an organic component, responsible for elastic properties and remodeling. The inorganic component 
consists mainly of hydroxyapatite crystals (calcium phosphate) and other minerals, sodium and fluoride, 
which affect bone strength13,14.

The organic component comprehends13,14 the extracellular matrix, consisting mainly of type I colla-
gen fibres and, to a lesser extent, amorphous substance. This substance contains both serum proteins 
and locally produced molecules (e.g., fibronectin, osteocalcin and decorin) that are involved in the orga-
nization of collagen fibres and mineralization.

The cellular component includes osteoblasts, mesenchymal-derived cells responsible for both the 
production of the organic matrix and the deposition of the inorganic matrix, and therefore involved 
in osteogenesis. Osteoblast differentiation is regulated primarily by two signaling pathways: the bone 
morphogenetic protein pathway and the Wnt/β-catenin pathway, both of which are essential for the 
activation of osteogenic transcription factors, such as Runx2 and Osterix15.

The Wnt/β-catenin pathway is activated when Wnt proteins bind to Frizzled membrane receptors 
and LRP5/6 co-receptors. This binding inhibits the degradation complex that includes GSK3β, normally 
responsible for the phosphorylation and proteasomal degradation of β-catenin. Under conditions of 
activation, β-catenin accumulates, translocates to the nucleus, and activates target genes that promote 
osteoblastogenesis.
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Bone morphogenetic proteins, in turn, promote the expression of Runx2 and Osterix through two 
main precursors: the SMAD-dependent pathway, which directly transmits the signal to the nucleus and 
the mitogen-activated protein kinase pathway, which modulates transcriptional activity in a synergistic 
manner16,17.

An important negative regulatory mechanism of the Wnt pathway is exercised by sclerostin, a pro-
tein secreted by osteocytes, which binds and inhibits LRP5/6 receptors, thus blocking the activation of 
β-catenin and osteoblastic differentiation18.

During production, some osteoblasts remain in the matrix and mature into osteocytes. Osteocytes 
are the most numerous cells in bone. They are located in lacunae and communicate with each other and 
with the extracellular environment through extensions that run through the canaliculi. They are crucial 
for maintaining the balance between bone formation and resorption.

Osteoclasts are multinucleated cells derived from the fusion of monocyte precursors and are respon-
sible for bone resorption. They adhere to the bone surface and form cavities called Howship’s lacunae, 
within which they release protons and lysosomal enzymes, such as tartrate-resistant acid phosphatase 
and cathepsin K19.

The differentiation process of osteoclasts is strictly dependent on the presence of macrophage colo-
ny-stimulating factor (M-CSF) and the receptor ligand of NF-κB (RANKL)20.

M-CSF, produced by osteoblasts and their progenitor cells, binds to its cFMS receptor, present on 
osteoclast precursors, promoting their proliferation and inhibiting apoptosis21.

RANKL binds to the membrane receptor RANK, located on the surface of osteoclasts’ precursors. 
The RANKL-RANK link activates intracellular pathways through the recruitment of the adaptor protein 
TRAF6, inducing the transcription of specific genes through the activation of the NF-κB, AP-1 and NFATc1 
factors, which are essential for the differentiation, activation and survival of osteoclasts.

Osteoprotegerin binds to RANKL with high affinity, but without signaling. It acts as a decoy recep-
tor that prevents the interaction between RANKL and RANK, thereby blocking the activation of osteo-
clasts22,23.

The expression of these molecules is modulated by various cytokines and hormones. Pro-osteoclas-
togenic cytokines include interleukin (IL)-1, IL-6, tumor necrosis factor (TNF)-α and interferon (IFN)-γ, 
while among hormones, parathyroid hormone (PTH) and vitamin D promote osteoclastic activity. Con-
versely, calcitonin exerts an inhibitory effect on osteoclasts14.

Bone is a dynamic tissue that undergoes a continuous process of remodeling, which is essential for 
maintaining the functionality of the skeleton. This allows the skeleton to adapt to mechanical stress, 
repair microdamage and contribute to maintaining the homeostasis of calcium and phosphorus in the 
blood. Bone remodeling occurs thanks to the action of the basic multicellular unit (BMU), a temporary 
structure resulting from the coordination between osteoclasts and osteoblasts, and consists of three 
phases:
1.	 Resorption phase: osteoclasts degrade the matrix;
2.	 Reversal phase: cessation of resorption and recruitment of osteoblasts;
3.	 Formation phase: osteoblasts produce new bone matrix21.
 

PATHOPHYSIOLOGY OF BONE COMPLICATIONS IN GD

In GD, the infiltration of the bone marrow by Gaucher cells and the progressive accumulation of gluco-
sylceramide in the medullary cavities cause a centrifugal expansion of the red marrow. This progressive 
infiltration causes the displacement of the yellow marrow towards the periphery, causing compres-
sion phenomena and alterations in vascularization, with the possible appearance of cortical thinning 
and bone infarcts24. Histological analysis of the femur of a patient with GD who underwent prosthetic 
replacement showed the coexistence of regions of healthy hematopoietic tissue, areas of vital bone, 
marrow infiltrated by Gaucher cells, areas of inflammation and fibrosis, as well as regions of necrosis 
surrounded by non-vital bone25.

At the molecular level, the hyperactivation of macrophages and other immune system cells leads to 
the production of pro-inflammatory cytokines that negatively affect bone metabolism. In particular, IL-10 
inhibits osteoblastic secretion and function; IL-1, IL-6, TNF-α and M-CSF stimulate bone resorption26,27.

An imbalanced bone remodeling is therefore observed, characterized by increased bone resorption 
and reduced bone formation. Furthermore, in mesenchymal cells from patients with GD, preferential 
differentiation towards the adipocyte line has been observed, to the detriment of the osteoblast line28.



4	 BONE COMPLICATIONS IN GAUCHER DISEASE

This phenomenon is attributable to:
  •	Increased expression of the PPARγ gene (promoting adipogenesis);
  •	Reduced expression of RUNX2, a key factor for osteogenesis.

Both are modulated by the inhibition of protein kinase C, caused by the accumulation of Lyso-Gb128,29. 
At the same time, increased secretion of RANKL by osteocytes and mesenchymal cells promotes the 
differentiation of monocytes into osteoclasts, further amplifying the process of bone resorption and 
contributing to the structural compromise of bone tissue28,29.

 

BONE MANIFESTATIONS IN GD

The bone manifestations of GD are numerous, heterogeneous and often debilitating.
The infiltration of the bone marrow by Gaucher cells, associated with alterations in bone perfusion, 

predisposes to the development of:
  •	Bone infarcts;
  •	Osteonecrosis;
  •	Subchondral collapse of the joints.

These alterations can manifest as acute and intense bone crises, often accompanied by chronic in-
termittent pain. In pediatric patients, bone involvement is often associated with growth retardation30.

From a radiological and structural point of view, the following are observed:
  •	Thinning of the cortex, due to mechanical compression;
  •	Osteopenia and osteoporosis, linked to a bone remodeling imbalance;
  •	Lytic lesions (areas of bone rarefaction);
  •	Pathological fractures, particularly in long bones and vertebrae;
  •	Bone deformities, including the characteristic Erlenmeyer flask deformity of the distal femur.

Bone manifestations of GD can be interpreted as a continuum of interconnected pathological events 
and divided into24:
  •	Primary alterations, caused by increased local pressure and the production of pro-inflammatory cy-

tokines, which are partially or totally reversible following the initiation of enzyme replacement ther-
apy (ERT).

  •	Secondary alterations, attributable to more complex pathological mechanisms in which the basic 
pathological processes, which include changes in cytokine release, alteration of vascularization and 
mechanical compression phenomena, integrate with each other and contribute to the manifesta-
tion. They can manifest clinically with the onset of acute bone pain.

  •	Tertiary alterations, which result from the chronicity of secondary changes.
 

Growth Retardation

It is estimated that approximately 50% of pediatric patients with GD experience growth retardation. 
Early treatment not only promotes normal development but can also prevent the onset of other skeletal 
complications31.

Erlenmeyer Flask Deformity

The distal femur of patients with GD may exhibit a characteristic deformation, known as the Erlenmeyer 
flask deformity, caused by altered bone remodeling in the diaphyseal-metaphyseal region and by corti-
cal thinning typical of the disease. This anomaly manifests as a straightening of the femur profile at the 
diaphyseal-metaphyseal level, with loss of the typical concave curve, and may be unilateral or bilateral32.

Osteopenia and Osteoporosis

The imbalance between increased bone resorption and reduced bone formation leads to progressive 
bone loss. Reduced BMD is a common finding in patients with GD and is related to the clinical severity 
of the disease11,33.
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Reduced bone density increases the risk of fractures, particularly in the vertebrae and long bones. 
To assess and monitor this biomarker, periodic evaluation using bone densitometry [dual-energy X-ray 
absorptiometry (DEXA)] is recommended33.

Cortical Thinning

The mechanical compression phenomena caused by the accumulation of glucosylceramide lead to cor-
tical thinning in areas adjacent to bone marrow infiltration. Increased osteoclastic activation also con-
tributes to this, accentuating resorptive remodeling11.

Focal Osteolytic Lesions

Focal osteolytic lesions, which may sometimes be accompanied by other localized changes such as cor-
tical thinning, are common. Osteoclast activation, with consequent increased secretion of cathepsin K, 
may contribute to the development of these osteolytic lesions34.

Bone Infarcts, Osteonecrosis and Osteosclerosis

The combination of altered vascularization, medullary infiltration and activation of the inflammatory 
response can promote the development of bone infarcts.

These may be asymptomatic or cause typical bone crises: acute episodes of intense, localized pain 
associated with swelling, redness, hypersensitivity, fever, leukocytosis and increased erythrocyte sedi-
mentation rate11.

Chronic bone infarcts can evolve into:
  •	Focal osteosclerosis (repair response, visible radiologically);
  •	Osteonecrosis (avascular necrosis), with risk of fractures and joint collapse.

The sites most frequently affected by osteonecrosis are11:
  •	Femoral head;
  •	Proximal humerus;
  •	Vertebral bodies.

Prevalence of bone complications:
According to data from the International Collaborative Gaucher Group registry for GD12:

  •	63% of patients reported a history of bone pain;
  •	33% had had at least one bone crisis;
  •	46% had Erlenmeyer flask deformity;
  •	42% had osteopenia;
  •	40% had medullary infiltration;
  •	25% had bone infarcts;
  •	25% had osteonecrosis.
 

DIAGNOSIS AND FOLLOW-UP OF BONE COMPLICATIONS IN GD

The diagnosis and monitoring of bone complications rely not only on clinical evaluation35, but also on 
the use of instrumental and biochemical methods.

X-Rays

Traditional radiography has low sensitivity (30-34%) in diagnosing bone complications of GD. However, 
in more advanced forms, it can be useful for assessing cortical thickness, alterations in bone mineral 
content and Erlenmeyer flask deformity of the distal femur. Most medullary and bone alterations are 
not detectable with this technique and require magnetic resonance imaging (MRI) for a more accurate 
assessment36,37.
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MRI

Due to its high sensitivity, MRI is the examination of choice for the initial diagnosis and follow-up of bone 
complications in GD.

Recommended protocols include:
  •	T1- and T2-weighted spin-echo sequences;
  •	Short Tau Inversion Recovery sequences;
  •	Turbo spin-echo sequences.

Under physiological conditions, yellow bone marrow appears hyperintense in T1- and T2-weighted 
sequences.

In GD, infiltration by Gaucher cells replaces the medullary adipose tissue, resulting in a reduction in 
MR signal in the affected areas36.

An advanced technique is available for quantitative assessment: quantitative chemical shift imaging. 
This method allows the fat content in the bone marrow to be quantified by exploiting the difference in 
frequency between water and triglyceride signals, making it useful for monitoring bone marrow infiltra-
tion and assessing response to ERT37.

Bone Densitometry

DEXA is the gold standard technique for assessing bone mass.
This method uses a dual-energy beam to measure BMD, expressed in g/cm2 of surface area, compar-

ing the results with reference populations:
  •	The T-score compares the patient’s BMD with that of healthy young adults of the same sex during 

peak bone mass;
  •	The Z-score compares BMD with the average for subjects of the same age and sex.

According to the World Health Organisation classification38, in adults (postmenopausal women and 
men >50 years of age), BMD is interpreted using the T3 score:
  •	T-score <-2.5 SD → osteoporosis;
  •	T-score between -1 and -2.5 SD → osteopenia.

In subjects under 50 years of age and in paediatric patients, the Z-score is used.
A Z-score <-2 SD is indicative of reduced bone mass compared to the norm for age and sex38-40.
In adult patients with GD, DEXA should be performed at:

  •	The lumbar spine (L1–L4);
  •	The proximal femur.

In the case of vertebral fractures, extensive bone infarcts or the presence of orthopaedic implants, 
DEXA of the distal radius may be indicated.

In children >5 years of age, DEXA assessment of the lumbar spine and total body minus head is rec-
ommended to avoid overestimation of bone mass by the skull.

As early as 5 years of age, many pediatric patients with GD have a BMD below the reference range 
for age and sex (Z-score <-2 SD)39,41.

Trabecular Bone Score

The Trabecular Bone Score (TBS) is an index obtained through lumbar DEXA that provides an indirect as-
sessment of trabecular bone microarchitecture. The algorithm calculates variations in grey scale intensi-
ty in image pixels, and low TBS values are associated with increased bone fragility and an increased risk 
of fractures, independently of BMD42. TBS therefore provides complementary information to BMD, and 
its integration into clinical practice can optimise the management of patients with primary and second-
ary osteoporosis. A 2018 study43 analyzed 23 patients with type 1 GD, assessing both BMD using DEXA 
and trabecular microarchitecture using TBS. Although 48% of patients had reduced BMD, 100% had 
below-normal TBS values, indicating that bone microarchitecture alterations may be present even in the 
absence of compromised bone density. Furthermore, patients with avascular necrosis and pathological 
fractures had significantly lower TBS values (p=0.049 and p=0.024, respectively), suggesting that TBS is 
a more sensitive indicator than BMD for discriminating bone complications. The combined use of TBS 
and BMD allows for a more accurate assessment of fracture risk and can better guide clinical decisions.
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Bone Turnover Markers

Bone turnover markers are biochemical indicators, measurable in serum and/or urine, that reflect skel-
etal remodeling activity, providing information on the balance between bone formation and resorption.

A distinction can be made between markers of cellular activity, which directly reflect the activity of 
osteoblasts and osteoclasts, and markers of bone matrix, resulting from the synthesis or degradation of 
the extracellular matrix, which provide indirect information on bone turnover44.

Furthermore, these markers are divided into44:
  •	Bone formation markers: bone alkaline phosphatase isoenzyme (BAP), osteocalcin (OC), type I pro-

collagen propeptide (PINP, PICP).
  •	Bone resorption markers: pyridinoline, deoxypyridinoline, N- or C-terminal telopeptides of type I 

collagen (CTX, NTX), tartrate-resistant acid phosphatase.
Several studies45-54 have analysed bone turnover markers and their variations in patients with GD. 

Patients who had not undergone treatment, patients undergoing ERT and patients undergoing SRT who 
had previously been treated with ERT were evaluated (Table 1).

These studies showed that in treatment-naïve patients, bone formation markers were normal or 
reduced, while bone resorption markers were generally normal or increased.

The exceptions were:
  •	The study by Stowens et al45, which reported reduced urinary excretion of hydroxyproline;
  •	The study by Drugan et al46, which showed reduced plasma levels of CTX.

In the latter, however, a net loss of bone mass was still observed, as the reduction in osteocalcin was 
more marked than that in CTX (3.5 and 1.9 times, respectively).

In patients undergoing ERT:
  •	Bone formation markers were generally within the normal range compared to healthy controls and 

unchanged or increased compared to pre-treatment values;
  •	Bone resorption markers tended to remain unchanged or decrease, reflecting an improvement in 

turnover balance.
Finally, in patients who switched from ERT to SRT, no significant changes were observed in osteocalcin 

(OC) and CTX levels, suggesting short-term bone balance stability even after treatment modification11,55.
Overall, current evidence suggests that patients with GD have increased bone resorption and im-

paired bone formation, conditions that predispose them to the development of osteopenia and osteo-
porosis11.

However, no bone turnover marker has been shown to consistently reflect the presence of bone 
complications or their response to ERT.

This limitation may be attributed to high intra- and inter-individual heterogeneity, as well as the in-
trinsic variability of the markers themselves.

Furthermore, most of the available studies have analysed these markers as secondary endpoints, 
without investigating their clinical utility in the assessment of skeletal involvement.
 

BONE RESPONSE TO AVAILABLE THERAPIES

The treatment of GD aims to counteract the pathological accumulation of glucosylceramide in lyso-
somes by acting through two main strategies: ERT, available since 1991, which restores β-glucocerebro-
sidase activity; and SRT, available since 2003, which limits glucosylceramide synthesis56.

The therapeutic objectives relating to bone manifestations in type 1 GD include57:
  •	Reduction or elimination of bone pain within 1-2 years;
  •	Prevention of bone crises, osteonecrosis and subchondral joint collapse;
  •	Improvement in BMD.

In pediatric patients, the goal is to achieve optimal peak BMD, while in adults, the goal is to increase 
trabecular BMD within 3-5 years of treatment57.

The bone response to therapy depends on several factors, including29:
  •	Age at diagnosis;
  •	Age at treatment initiation;
  •	Type and extent of skeletal lesion.

It has been shown that the response of bone manifestations to ERT is generally slower than that of 
visceral and hematological manifestations.
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Table 1. Bone formation markers and bone resorption markers in patients affected by Gaucher disease.

	                           Bone formation markers			           Bone resorption markers

	 BSAP	 OC	 P1CP	 P1NP	 OHP	 PYD	 D-PYD	 Ctx	 ICTP

Treatment-naïve patients
  Stowens et al45					     ↓				  
  Drugan et al46		  ↓						      ↓	 ↓
  Ciana et al47	 N	 N	 ↓		  N		  N		  ↑
  Ciana et al48	 N		  ↓		  N		  N		  ↑
  Sims et al49	 N	 N					     N		
  Schiffmann et al50	 N	 N					     N		
  van Dussen et al51	 ↓			   N				    N	
Patients undergoing ERT: comparison with normal values
  Fiore et al52	 N	 N				    ↑	 ↑		
  Parisi et al53		  N							       ↑
Patients undergoing ERT: comparison with pretreatment values
  Ciana et al48	 Unchanged		  Unchanged		  Unchanged		  Unchanged		  Unchanged
  Sims et al49	 ↑	 ↑					     ↓		
  Schiffmann et al50	 ↑	 ↑					     Unchanged		
  Mikosch et al54	 ↓ ALP	 Unchanged						      Unchanged

BSAP: bone isoenzyme of alkaline phosphatase; OC: osteocalcin; PICP: C-terminal telopeptide of type I collagen; PINP: N-terminal telopeptide of type I collagen; PYD: urinary pyridoline; D-PYD: 
free desoxypyridoline; OHP: urinary hydroxyproline; CTx: C-terminal telopeptide of type I collagen; ICTP: crossed-linked C-terminal telopeptide of type I collagen; ERT: enzyme replacement the-
rapy; SRT: substrate reduction therapy. N=within normal range. Adapted from Mikosch and Hughes11, Marcucci et al26, Revel-Vilk et al56.



9	 BONE COMPLICATIONS IN GAUCHER DISEASE

According to available data39, bone marrow infiltration, assessed using the Bone Marrow Burden 
(BMB) score, can return to normal values after approximately 7 years of ERT.

However, an increase in bone marrow fat fraction, detected by quantitative chemical shift imaging, 
can be observed after just one year of treatment.

In pediatric patients, BMD normalized within 8 years of ERT.
With regard to SRT, in naïve adult patients, SRT showed an improvement in BMD up to 8 years of follow-up. 

In particular, the mean lumbar T3 score went from values compatible with osteopenia to normal values within 2 
years. In addition, stability or improvement in bone marrow infiltration was observed over time39.

Osteoactive Therapies

The use of osteoactive therapies has been proposed in GD in combination with ERT and SRT for the 
treatment of bone complications.

Bisphosphonates

Bisphosphonates are antiresorptive drugs used to treat conditions characterized by a loss of BMD, such 
as osteoporosis. They are structural analogues of inorganic pyrophosphate and have a high affinity for 
hydroxyapatite crystals, localising preferentially in areas of active bone remodeling58.

There are two main classes of bisphosphonates:
  •	Non-nitrogenous (first generation), such as etidronate and clodronate. These are metabolized into 

non-hydrolysable ATP analogues which, by accumulating in osteoclasts, interfere with ATP-depen-
dent cellular processes, causing dysfunction and apoptosis;

  •	Nitrogen-containing (second and third generation) such as alendronate, risedronate, ibandronate, 
pamidronate and zoledronic acid. These drugs inhibit farnesyl diphosphate synthase, an enzyme in 
the mevalonic acid pathway, which is necessary for the synthesis of prenylated lipids. These lipids are 
essential for the prenylation of small G proteins, which regulate critical functions, such as adhesion, 
motility and ruffled border formation in osteoclasts. Inhibition of this pathway also leads to osteo-
clast dysfunction and apoptosis.
Several studies59-62 have been conducted on the use of bisphosphonates in the treatment of bone 

manifestations in patients with GD. Among these, the randomized, controlled, double-blind study by 
Wenstrup et al59 included 34 patients with GD1 undergoing ERT, who were administered:
  •	Alendronate 40 mg/day or
  •	Placebo for 24 months.

After 18 months, the alendronate-treated group showed a significant improvement in lumbar BMD 
compared to the placebo group59.

Overall, bisphosphonates may represent an additional option for selected patients with persistent 
osteopenia or osteoporosis despite ERT. However, they are not currently recommended as standard 
treatment in GD, and their use should be evaluated on a case-by-case basis, taking into account the 
risks, benefits and clinical status of the patient.

Teriparatide

Teriparatide is an osteoanabolic drug consisting of a recombinant fragment of human parathyroid hor-
mone, comprising the first 34 amino acids of its N-terminal sequence63.

Unlike chronic hyperparathyroidism, in which persistently elevated levels of parathyroid hormone 
(PTH) stimulate bone resorption, intermittent exposure to low doses of PTH, achieved through daily 
administration of teriparatide, predominantly induces an anabolic effect on bone.

The mechanisms underlying this effect are not yet fully understood, but include:
  •	Increased expression of osteoblastogenic growth factors (e.g., IGF-1);
  •	Reduced synthesis of sclerostin by osteoclasts;
  •	 Increased expression of the transcription factor Runx2, which is essential for osteoblast differentiation.

To date, a single case report64 has been published describing a significant increase in BMD in a 
64-year-old patient with type 1 GD treated with teriparatide.
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However, given the scarcity of available evidence, the use of teriparatide in this context cannot be 
routinely recommended and remains reserved for selected cases, possibly in an experimental setting or 
under the supervision of expert centres.

Denosumab

We could not find any published articles on the use of denosumab in patients with GD.
 

CONCLUSIONS

In conclusion, despite the availability of specific therapies for GD for several years, bone involvement still 
represents a disabling complication and a main component of the burden of the disease, impacting quality 
of life in adulthood. This is especially true for patients with a late diagnosis. The utility of dosing bone turn-
over biomarkers in the follow-up of these patients remains unclear. It requires further studies, including 
large patient cohorts, to understand its predictive and diagnostic value. Nowadays, the correct approach 
for monitoring bone disease in GD is integrated and should include bone MRI, DEXA and biochemistry. 
The efficacy of the osteo-active drugs, especially the more recent ones (i.e., denosumab, teriparatide) on 
osteoporosis linked to GD, is still poorly studied and requires specifically designed clinical trials to assess 
their efficacy and safety. Understanding more deeply the pathogenic mechanism underlying bone compli-
cations will be helpful in the future to orient their possible prevention and/or treatment.

Finally, the reporting of early-onset cases suggests that this rare occurrence should not be underes-
timated in patients diagnosed early, especially following neonatal screening programmes, and that GD 
should be included in the diagnostic algorithm for patients with incidental radiological lesions or clinical 
findings suggestive of bone lesions.
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