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3- Signs and symptoms that should raise awareness, and what the general practitionner can do

4- Who to refer the patient: Swiss Groupment for Rare Bone Diseases (SG-BOND)



Rare bone diseases: 
« definition »



What are rare bone diseases?
RARE DISEASES

A rare disease is a disease who affects <1/2000 individuals

→ because of the high number of rare diseases (about 7000), total prevalence is high: 1/17 individuals

It includes both congenital and acquired diseases

Because of  high phenotypic variability congenital diseases can manifest in adulthood

RARE BONE DISEASES:

- 5% of all birth defects

« Rare bone and non-inflammatory collagen diseases »

« Bone dysplasias »

« Constitutional bone diseases »

Rare bone diseases develop due to alterations in 
bone components



Bone components: matrix
Organic - osteoid: 22%
- 90% type 1 collagen (2 alpha1 + 1 alpha2 chains)
- 10% non collagenic proteins (i.e. fibrilin)

PO4
-

Ca2+

OH-

Inorganic – minerals : 69%
(mostly hydroxyapatite)

TNAP: alkaline phosphatase - ALP
P-O-P: pyrophosphate

Gives elasticity Gives resistance

osteoblast



Bone components: cells
Osteoclasts (1-2%): bone resorption

Osteoblasts (4-6%): bone formation → matrix production, secretion, 

maturation and mineralisation

Osteocytes (90-95%): forces and inflammation sensing, regulate

remodeling, hormone secretion (FGF23 - phosphatonin) Osteocytes

OB



Osteoblasts

Osteocytes

Non mineralized matrixMineralized matrixOsteoclasts

Vessels, blood cells, 
fat…



Bone remodelling regulation

RANK    : receptor activator of nuclear factor (transmembrain protein)

RANKL : receptor activator of nuclear factor ligand

OPG       : osteoprotegerine (soluble protein)

HORMONES 2014, 

13(4):476-487

Resorption regulation: RANKL Formation regulation: WNT



Very large number and variability of 
phenotypes
1- Congenital bone dysplasias with genetic origin

2- Congenital metabolic diseases (some overlapping)

3- But not all are in these classifications…

- Tumor induced osteomalacia (paraneoplastic disease – FGF23 exces from mesenchymatous tumors)

- Fibrous dysplasia/McCune Albright syndrome (post-zygotic GNAS mutation- mosaic)

- 771 diseases with 552 implicated genes
- Divided in 41 groups, classified by phenotype + affected gene (dyadic naming system)

→ « Osteogenesis imperfecta, progressively deforming (Sillence type 3), COL1A1‐related »
→ « Marfan syndrome, FBN1‐related »
→ « Achondroplasia, FGFR3-related »
→ « Neurofibromatosis type 1, NF1‐related »

Over 100 diseases
Includes congenital phospho-calcic diseases:
- Hypophosphatasia (low ALP)
- Vitamine D dependent and independent rickets



Most frequent
- Osteogenesis imperfecta

- Achondroplasia and hypochondroplasia

- Dyschondrosteosis (Leri-Weil syndrome: short stature and mesomelia)

- Fibrous dysplasia (rare: McCune Albright syndrom)

- Multiple exostosis

Other 50 can be seen once in clinical practice (out of specialized centers)

→ In many cases the disease is not diagnosed: small height, severe scoliosis, osteochondritis, 
precocious degeneratif arthritis, … lacking specialized management



Why is it important to 
diagnose them?



Why is it important to diagnose them?
1- Differential diagnosis

Bone fragility can be due to osteoporosis, a rare bone disease (i.e. osteogenesis imperfecta), osteomalacia…

2- Syndrome comorbidities

Collagen diseases can have cardiac, ocular, articular, teeth… abnormalities; others can degenerate on sarcomas

3- New treatments, treatment alternatives/contrindications

- New treatments: i.e. burosumab (anti-FGF23 antibody) for FGF-23 dependant hypophosphatemic rickets or osteomalacia

- Treatment depending on genetic variant (i.e. Osteogenesis imperfecta due to osteoblast mutations)

4- Genetic transmission

Counseling, siblings diagnosis

5- Quality of life

Important for the patients to know what they have, risks, how to manage (i.e. physical activity), insurances…



1- Differential diagnosis: fractures

15.01.2020 27.05.2020 29.05.2020 19.10.2020

L3-L4: - 5.9 DS

Zoledronate perfusions 03.2021 & 03.2022

Mme OK, 1938



15.01.2020 27.05.2020 29.05.2020 16.07.2021 20.06.2022

Mme OK, 1938



m

10.05.2022

PROBABLE DIAGNOSIS: X-LINKED HYPOPHOSPHATEMIC RICKETS

ATTITUDE (10.06.2022): stop calcium; introduction of phosphate and calcitriol

Anamnesis:
- Her father had rickets
- A 60 years-old nephew has rickets and multiple surgeries
- Her theet broked and necrotized around 13-14 years old
- She as a severe DISH

Renal phosphate loss: TmP (maximal P resorption rate): 0.30 (norm: 0.80-1.35)

PHEX

mutat ion

Razzaque MS. Nat Rev Endocrinol 2009;5:611–619
Martin A et al. Physiol Rev 2012;92:131–155

Serum phosphate

Phosphate 
absorption

Osteocytes produce
FGF23

1-⍺ hydroxylase
1,25(OH)2D

NaPi-2a
NaPi-2c

Phosphate 
excretion

Phosphate increase

- Rickets/osteomalacia
- Spontaneous dental abcesses
- Enthesopathies

Low phosphate



Non FGF-23 dependent

ADHR
DF

Etiology of chronic hypophosphatemia in 
the adult

Congenital

Acquired

Freely adapted from UpToDate®

Iron i.v.

(HyperPTH)

TIO
Sd de Fanconi

Congenital, systemic:
- XLH: X-linked hypophosphatemic rickets (dominant), 80%
- ARHR: autosomal recessif hypophosphatemic rickets
- ADHR: autosomal dominant HR, FGF-23 variants
- HHRH: hypophosphatemic hypercalciuric rickets

Congenital, mosaic:
- DF: dysplasie fibreuse/McCune Albright (mosaic), post-zygotic

GNAS variants (most frequent bone tumor)

Acquired:
- Osteomalacia due to iron perfusion (FGF-23 dependent)
- TIO: tumor induced osteomalacia (FGF-23 dependent)
- Acquired renal fanconi syndrome (i.e. adefovir, tenofovir

disoproxil)
- (HyperPTH: hyperparathyroïdie primaire)

(Genetic analysis confirmed XLH diagnosis for Mme OK at 80 years old)

FGF-23 dependent



2- Syndrome comorbidities: Osteogenesis imperfecta

Guillaume Bats, humorist

Type I collagen forms the matrix of many different tissues: bone, skin, tendons, 
cornea, blood vessel walls, teeth…

VERY HIGH PHENOTYPIC VARIATIONS EVEN IN THE SAME FAMILY
- Bone fragility: « glass bone disease »
- Low height
- Scoliosis, pectum excavatum/carinatum
- Respiratory insufficiency: deformities + pulmonary tissue modifications
- Hearing loss of mixed origin
- Myopia
- Cardiac valves abnormalities
- Easy bruising
- Joints hyperlaxity
- Arnold-Chiary malformation (posterior fossa of the skull) / C1-C2 instability

90% due to COL1A1 AND COL1A2 autosomal dominant variants
Over 40 genes result in Osteogenesis Imperfecta (OI) and/or Bone Fragility and/or Familial Osteoporosis

Sillence DO. Calcif Tissue Int. 2024; 115:873–890 



Osteogenesis imperfecta Hyperlaxity/hypermobility: matrix proteins
- Osteogenesis imperfecta
- Marfan syndrome
- Genetic Ehlers-Danlos syndrome

Marfan syndrome (fibrillin)

Arachnodactily



2- Sarcoma degeneration
Fibrous dysplasia: 1-2% of craniofacial lesions, probably long bones also. Mainly osteosarcoma.

→ one case in a femur diagnosed at CHUV (femoral amputation)

Hereditary multiple exostoses or diaphyseal aclasia (osteochondromas):

- <5% of transformation, higher (up to 25%) in pelvis/trunk lesions

→ one case in the pelvis diagnosed at CHUV (deceased)

Multiple enchondromatosis (Ollier & Mafucci diseases; mosaic IDH1 & IDH2 mutations):

- 30-50% develop chondrosarcomas in adulthood, with disease-mortality rate of 6.8% 

- higher risk of gliomas, ovarian mesenchymal tumours, others.

Horvai & Unni. J Orthop Sci. 2006; 11:412–423
Sharif et al. Skeletal Radiol. 2021; 50:1941-1962
Sharif et al. Skeletal Radiol. 2022; 51:747-762



3- New treatments
ALREADY AVAILABLE

- Burosumab for FGF-23 dependent hypophosphatemia

→ humanized antibody binding and blocking FGF-23

- Asphotase alpha for hypophosphatasemia (low alcaline 
phosphatase)

→ hormone replacement

- Vosireotide for achondroplasia (in children)

→ C-type natriuretic peptide analogue

- Palopegtériparatide for hypoparathyroidism

→ hormone replacement

- Palovarotene for fibrodysplasia ossificans progresiva (FOP)

ONGOING CLINICAL STUDIES

- Garetosmab, Zilugisertib, Andecaliximab, Fidrisertib, 
Saracatinib... for FOP

- Sestrusumab & romosozumab (anti-sclerostin antibodies), and 
fresolimumab (anti-TNF alpha antibody) for osteogenesis
imperfecta

- INZ-701 (hormone replacement) for autosomal recessif
hypophosphatemic rickets with ENPP1 pathogenic variant

- Efzimfotase alfa (hormone replacement) for 
hypophosphatasemia

- Ivosidenib (IDH1 inhibitor) for Ollier disease (multiple 
enchondromatosis) 

…



3- Treatment depending on genetic variant
M AG, 1960: clinical diagnosis of osteogenesis imperfecta in a familial context: 

- of 7 siblings, two brothers severly affected (wheel chair, blue sclera/multiple fractures), one 
sister died of Arnold-Chiari malformation, probable consanguinity

- no genetic analysis

Treatments:

2000-2005: alendronate

2006-2016: pamidronate

2016-2018: tériparatide

2018-2020: zoledronate 1/year

2020-2023: zoledronate 2/year (last 07.2023)

Evolution 02.2024



Atypical femoral fracture due to long bisphosphonate 
treatment

06.202305.2023

Hospitalized until 10.2023 
(immobilisation, readaptation)

01.2024

Unable to walk (pain 
after 5 minutes)

One brother benefited in 2023 of a genetic
testing:
- Homozygous for a WNT1 variant
- Heterozygous for a CREB3L1 variant
→ Later same mutations found in the patient

→ Both necessary for osteoblast function

→ Bisphosphonates inhibit osteoclasts, and 
secondarily osteoblasts

→ Studies in WNT1 patients show no/little
effect of bisphosphonates

→ Anabolic agents should be prefered in this
patients

Pain after forced
mouvement and fall



Signs and symptoms that
should raise awareness
AND WHAT THE GENERAL PRACTITIONER CAN DO



Clinical history
Suspect a rare bone disease with increased fragility if fractures occur:

- young patients

- multiple fractures since infancy

- vertebral fractures: before menopause/50 yo, pregnancy/lactation vertebral fractures

- unusual sites: atypical femoral fractures, osteomalacic fractures

Low bone density (without cause)/high bone density (ostepetrosis and hypoP rickets-XLH)

→ perform a complete anamnesis of fractures since infancy

→ perform a familial anamnesis of fractures and eventual consanguinity

→ exclude secondary causes of bone fragility: hyperthyroidism, malabsorption/coeliac disease, monoclonal 
gammapathy, mastocytosis, hypogonadism, subclinical inflammation…

→ perform a densitometry



PLO: suspect a genetic etiology

Butscheidt et al. Bone 2021, 147, 115911



Clinical history
Low height: 

- most diseases are associated (at least in severe cases) with low height

- exception: Marfan associated syndroms (usually high, not always)

Unusual dental problems: 

- dentinogenesis imperfecta: in osteogenesis imperfecta

- early tooth loss of decidous/definitive teeth with the root: hypoPAL

- spontaneous dental abcesses: hypoP rickets-XLH

Musculo-squelettal diffuse pain: look for osteomalacia/hypoPAL

Early osteoarthritis:

- skeletal dysplasias

- chondrocalcinosis in hypoPAL

→ standard biological and radiological examinations



Clinical history
Hyperlaxity: in many skeletal dysplasias, osteogenesis imperfecta, Ehlers-Danlos, Marfanoid
syndroms

→ anamnesis on hyperlaxity comorbidities: herniations, recurrent joint dislocations, joint pain, 
pneumothorax

→ look for comorbidities: dental problems, small height, marfanoid morphotype, blue sclera

→ Beighton score 

→ standard biological and radiological examinations



Beighton score



Standard biology (fasting)
Fasting albumin corrected calcium

Fasting phosphate

25-OH vitamin D: 

◦ if <50 nmol/l, replete and do the tests again

Creatinine

ALP (+gGT to exclude hepatic origin): 

◦ if low ALP send for investigations

Exclusion of secondary osteoporosis:

- TSH

- proteins immunosustraction

- tryptase

- coeliac disease antibodies

- fasting total testosterone (men)

- VS

- if hypophosphatemia, hypo/hypercalcemia: 

determine phosphate/calcium loss, PTH



Standard radiology
AP and lateral dorso-lumbar spine:

- vertebral fractures/deformations

- enthesopathies

AP pelvis:

- femoral dysplasia

- enthesopathies

- atypical/osteomalacic fractures

Hand, knee:

- dysplasias

- metacarpal abnormalities (brachydactily)

- exostosis/membrane calcifications

- intraarticular calcium deposits

- early osteoarthritis



Women, 38 yo: hypophosphatemic rickets

Osteomalacic fractures

Enthesopathies

Early osteoarthritis



Man, 20 yo: exostosis multiplex Exostosis

Madelund deformity

Brachydactily

Woman, 60 yo (mother)



- Bone deformation
- Thin cortical

Frosted glass appearance

Kystic aspect

Fibrous dysplasia



Swiss Groupment for 
rare BONe Diseases

Working group at the ASCO/SVGO (Schweizerische Vereinigung gegen Osteoporose) and the 
SGIEM (Swiss Group for Inborn Errors of Metabolism) 

Reference centres

Associated centres

Care facilities

2
2

3

2

2

Lugano

Reference centers:

- Multidisciplinary management for children
and adult patients
- Joint follow-up of patients with associated
centers/care facilities
- Educational conferences and meetings
- Patient days and relationship with patient 
organizations
- Patients registries and research projects
- Project: clinical pathwaysfor most frequent
diseases



Conclusions
Think of a rare bone disease in case of:

- Inusual fractures (site, number, mechanism) or inusual patients (young, family history)

- Small height, multiple hyperlaxity comorbidities, dental/hearing problems…

- Radiological lesions: lytic/exophytic, trunc or member déformations, early osteoarthritis

If you suspect a rare bone disease:

- Do not forget to measure phosphate, alkaline phosphatase, tryptase

- In case of fragility: perform a densitometry, do not give bisphosphonates before excluding
osteomalacia

- Do not forget the other conjunctive tissues

COLLABORATE WITH AN EXPERT IN RARE BONE DISEASES!



huesos

Questions?

http://antiaging-natural.es/hablemos-antiaging/wp-content/uploads/2015/02/huesos1.jpg


Service de Rhumatologie
Centre interdisciplinaire des Maladies 
Osseuses

ELENA.GONZALEZ-RODRIGUEZ@CHUV.CH 
37

HORMONES 2014, 13(4):476-487
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