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(Vitamin D-resistant rickets)
(Familial hypophosphatemic rickets)

• Most frequent inherited phosphate wasting disorder, accounting for 80% of cases

• Incidence of 1:20,000 individuals

• Rickets in infancy resistant to high-dose vitamin D (Albright, 1937)

• X-linked dominant inheritance (1958)
• NB: negative family history in close to 50% of cases

• Evidence for humoral basis:
• Hypophosphatemia persists after renal transplantation (1974)
• Kidney cross-transplantation between WT & HYP mice (1992)

• Caused by mutations in the PHEX gene (1995)

• Associated with high plasma FGF23 concentrations (2003) 

X-linked Hypophosphatemia (XLH)



In XLH excess of FGF23 impairs renal phosphate and vitamin D metabolism 

Osteocyte

↑ FGF23 
secretion

↓ Phosphate transport
↓ Vitamin D production

↓ Serum Pi

↓ Serum 1,25(OH)2D ↑ Phosphaturia

• Rickets (↑AP)
• ↓TmP/GFR
• 25(OH)D normal

• +/- pos. family history

Diagnosis:
PHEX mutation

PHEX



Thick growth plates 
Widened knee joints

Wide based gait 

Clinical features of XLH: Rickets and bone deformities 

Coxa vara Genu varus/valgus

https://courses.washington.edu



Height < -2.0 SDS in 40% of
“well controlled“ French XLH patients

Linglart A et al. Endocrine Connections 2014

Clinical features of XLH: growth retardation



*= p<0.001, XLH vs. healthy children 

German XLH patients on conventional therapy (n=89)
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Zivicnjak M et al. Pediatric Nephrol 2011

Clinical features of XLH: disproportional growth

from early childhood onwards despite continuous calcitriol
and phosphate therapy in a large cohort of XLH pediatric
patients. Leg length was the best predictor of total body
height, and the shortest patients presented with the highest
degree of body disproportion. To our surprise, the degree of
leg bowing was only weakly associated with leg length,
explaining only approximately 15% of the overall variabil-
ity. Leg length SDS between patients with and without
orthopedic surgery was rather comparable. However,
interpretation of these data should be done cautiously, since
regular radiological assessment of leg bowing was not
mandatory. In addition, this finding may simply be an
indication that the orthopedic surgery was successful in
patients initially presenting with the worst growth pattern.

The majority of patients showed fairly good metabolic
control, as indicated by rather mild leg bowing and mainte-
nance of serum phosphate, alkaline phosphatase, and PTH
within the target range. However, slightly elevated alkaline
phosphatase and PTH levels have had to be accepted in about
40% of patients, as side effects, such as hypercalciuria and
nephrocalcinosis, did occur and limited dose escalation.
Despite these positive therapeutic effects, no positive corre-
lation between either averaged dosages of phosphate or
calcitriol and lengths of linear body dimensions/proportions
was observed. Instead, an unexpected positive correlation
between calcitriol dosages and the degree of stunting has to be
anticipated. Thus, the most severely affected patients are
likely to receive the highest calcitriol dosages, although this
has had obviously only limited effects on linear growth.

The association between calcium/phosphate metabolism
(i.e. phosphate, PTH, alkaline phosphatase, and TmP/GFR)
and either linear body dimensions or body proportionality

has not been addressed previously. We found a clear
positive relation between averaged serum phosphate levels
and stature, leg lengths, and body proportion, respectively.
Thus, targeting the elevated serum phosphate levels may be
the most promising approach to improve stature in XLH
patients. Calcitriol and phosphate have been shown to
stimulate FGF-23 synthesis in pediatric XLH patients [31].
It is therefore possible that in addition to increasing the risk
for developing nephrocalcinosis and renal failure, the
current standard treatment of XLH may aggravate instead
of improve renal phosphate wasting. Although, it has been
shown recently that FGF-23 levels are associated with bone
mineralization in pediatric patients with end-stage renal
disease, this has to be addressed in XLH patients [32].

In XLH patients, the lower limbs are more severely
affected than the upper limbs and spine, most likely reflecting
the fact that legs, as weight-bearing extremities, are usually
exposed to higher mechanical stress loads than the upper
limbs and the spine. Furthermore, growth plate activity, which
in turn determines the rate of endochondral bone formation
and thus bone length, is usually highest around the knees [33].
Thus, this region is also highly prone for the development of
rickets and growth impairment.

The PHEX gene encodes a 749-amino acid transmem-
braneous endopeptidase sharing significant homologies
with members of the Neprilysin (M13) zinc metallopepti-
dase family. The protein is preferentially expressed in
osteoblasts, osteocytes, and odontoblasts, i.e. cells that are
responsible for matrix mineralization [34, 35]. Animal
models of XLH (Hyp mice) indicate that even high dosages
of calcitriol in the presence of physiological phosphate
concentrations are not sufficient to normalize bone miner-

Fig. 5 Stature, sitting height, and arm and leg length (a) as well as the
sitting height index (b) as a function of age in 76 children with XLH. To
assess age-related changes in body dimensions, all measurements were
grouped according to age at the time of examination. Each age cohort
comprised eight up to 26 children with 16 up to 38 measurements. A

spline function was used to fit age-related changes. Unmarked solid line
Stature, solid line with filled circles leg length, solid line with filled
rhombuses arm length, solid line with filled inverted triangles sitting
height. The 95% CI is indicated for sitting height index

Pediatr Nephrol (2011) 26:223–231 229

Sitting height index
(= body proportions)Linear body dimensions



Clinical features of XLH: osteomalacia

Defective mineralization
Bone pain
Pseudofractures (in adults)



Articular Cartilage in Hyp Mice

Clinical features of XLH: degenerative osteoarthropathy

Liang. Calcif Tiss Int 2011

Adults: Ankles 68%

Knee 63%

Sacroiliac 40%

Misalignment & cartilage defect



Liang. Calcif Tiss Int 2009

Clinical features of XLH: enthesopathy

Adults:

Ankles 74%

Knee 56%

Pelvis 49%

Spine 41%

Elbow, hand, shoulder 8-28%

(calcification of tendons & ligaments)

Does not respond to conventional treatment



impact on oral health that will depend on the onset,

compliance, and duration of the treatment. Missing and

filled teeth index of patients treated since early childhood

is similar to the index of healthy, age-matched controls

(64) and dentin mineralization of permanent teeth, which

mineralize after birth, can be rescued by the treatment (77)

(Figs 4B and 5). The tooth phenotype correlates well

with the overall bone phenotype and can be used to

evaluate the benefits on mineralization of this treatment

(68, 78, 79). Future studies will determine the benefit

of treatment on the periodontal status.

Clinical approaches

Spontaneous dental abscesses can be treated by the

conventional endodontic approach, e.g. root canal clean-

ing to remove the infected pulp tissues and endodontic

sealing. However, these abscesses, especially those occur-

ring on primary teeth, spread rapidly in the jawbone and

tooth extraction is often necessary. Prevention of

abscesses includes sealing the tooth surface (primary and

permanent teeth) with a dental resin to form a barrier to

bacterial penetration (77). For primary teeth, this non-

invasive and painless approach consists in applying an

adhesive system (preferably no rinsing step called ‘self-

etching’) and then a light-cured flowable resin. This

procedure must be repeated regularly (every year) due to

gradual wear of the resin until the natural exfoliation of

the tooth. In parallel, we recommend rigorous oral

hygiene and preventive procedures. Daily use of fluoride

toothpaste adapted to age and regular fluoride varnish

applications at the dental chair, considering that

they present a higher risk of dental infection, is of

utmost importance (80). The orthodontic treatment is
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Figure 4

Dental defects in patients with X-linked hypophosphatemia (XLH).

(A) Orthopantomogram of a 35-year-old XLH patient. Note multiple absent

teeth and endodontic lesions. (B) Orthopantomogram of a 30-year-old XLH

patient that benefited from vitamin D analogs and phosphate supplements

during growth with good compliance. No dental or periodontal defects are

evident. (C) Intraoral view and corresponding X-ray of an endodontic

infection (arrows) affecting the intact central right lower incisor in a

35 year-old XLH patient. (D) Enlarged pulp chambers, prominent pulp

horns, radiolucent hypomineralized dentin and endodontic infection in

a 6-year-old XLH patient. (E) Alveolar bone loss in a 45-year-old XLH

patient. (F) Toluidine blue-stained section of a third molar germ of a

14-year-old female with XLH showing abnormal dentin mineralization.

Numerous nonmineralized interglobular spaces (IS) are observed between

unmerged calcospherites in the dentin body (document laboratory EA2496,

Dental school University Paris Descartes, France). Asterisks indicate calco-

spherites, single arrow indicates dentin secreting cells, odontoblasts, and

double head arrow indicates extent of predentin.
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Clinical features of XLH: tooth abscesses

Hypomineralized dentin
Enamel hypoplasia, microdefects
Enlarged pulp chambers



Clinical features of XLH: other symptoms and complications

Craniosynostosis

Chiari type I malformation

Spinal stenosis, syringomyelia

Hearing loss, tinnitus, vertigo

Craniosynostosis Chiari malformation
Syringomyelia Weight gain



XLH requires lifelong management

Linglart et al. Endocr Connect 2014; Carpenter et al. J Bone Miner Res 2011
Connor et al. J Clin Endocrinol Metab 2015

Treatment2
Initial diagnosis

in infancy1

Infancy                           Adolescence Adulthood                                  

Initial diagnosis 
in adulthood1

Adulthood     

Treatment?4,5 Management2

Management1–3



XLH requires management from a range of specialists

Paediatric patients Adult patientsPaediatric and adult patients
Rickets Disproportionate short stature Pseudofractures

Delayed growth Lower extremity deformity

Craniosynostosis Tooth abscesses Osteoarthritis

Dental caries
Extraosseus
calcifications 

Including
• Osteophytes

• Enthesopathy
• Spinal stenosis

Osteomalacia

Bone pain

Joint pain and stiffness

Muscle pain

Muscle weakness

Chiari malformation Hearing loss

Functional limitations and quality of life
Delayed walking Gait abnormalities Disability that impacts ability to work

Walking device use

Diminished quality of life



Symptomatic treatment:
• Oral phosphorus supplements 

• Active vitamin D analogues

Goals:
• Healing of rickets (AP ≤ 1.5 ULN, improvement of clinical & radiological signs)

• Growth within the lower normal range

• Pain control

Side effects:
• Nephrocalcinosis (30-70%)

• Hyperparathyroidism

Early treatment is associated with better outcome

Linglart et al, Endocrine Connections 2014; Carpenter et al, J Bone Min Res 2011
Haffner & Waldegger, Pediatric Kidney Disease 2017; Verge et al, NEJM 1991

Symptomatic treatment



Limitations of symptomatic treatment

• Improves symptoms, but does not cure the disease
• Variable response among patients

• Risk of side effects
• Promotes a vicious circle:

both Pi supplementation and active vitamin D stimulate FGF23 serum levels



FAMILIALDE NOVO DE NOVO DE NOVO DE NOVO FAMILIAL

• Doses of vitamin D analogues and phosphorus supplements?
• Compliance to treatment?
• Severity of the disease (PHEX mutation, modifier genes?)

Diagnosis 5 years 10 years Near adult 
height

N=90 N=68 N=58 N=41
Corrective leg surgery 3.3% 3% 6.9% 31.7%

Bone deformities: need for corrective surgery 

Gizard A, et al. Endocr. Connect. 2017



Treatment strategies for adult XLH patients

Treatment until long bone growth is completeChildhood

Adulthood

Treatment monitoring
• Plasma calcium, AP, P
• PTH
• Creatinine
• urinary ca/ creatinine ratio

Asymptomatic Treatment 
cessation

• Pharmacological – analgesic
• Non-pharmacological – physical therapy

Planned surgical 
intervention

Osteoarthritis
Enthesopathy

Pharmacological
• Phosphate and Vitamin D analogues

• Temporary initiation with surgery
• 3–6 months pre-surgery
• 6–9 months post-surgery

Pregnancy, lactation or 
menopause

Skeletal pain
Osteomalacia
Insufficiency 

fractures

Symptomatic

Assessment
• Radiography
• Biochemistry
• Clinical
• Renal

Recurrent 
symptoms

1. Haffner & Waldegger, Pediatric Kidney Disease 2017 
2. Linglart et al. Endocr Connect 2014; 3. Carpenter et al. J Bone Miner Res 2011;26:1381
4. Skrinar et al. Poster SAT-244. Presented at ENDO 2015, San Diego, USA
5. Sullivan et al. J Clin Enocrinol Metab 1992;73:879; 6. Che et al. Eur J Endocrin 2016;174:325



Emma F and Haffner D. Kidney Int 2018;94:846–848

Phosphate 
1,25(OH)2 vitamin D

↓ Serum 1,25(OH)2 vitamin D

↓ Phosphate transport
↓ 1α vitamin D hydroxylation

Burosumab inhibits serum FGF23



Burosumab for the treatment treatment of XLH

Carpenter T et al. N Engl J Med 2018, May 23

• 52 children (5-12 years) with severe XLH

• 92% (burosumab group) and 100% (controls) being on conventional treatment

over a mean period of 7 years

• Conventional treatment was stopped two weeks before start of burosumab



Burosumab for the treatment of XLH

Radiographic Global 
Impression of Change (RGI-C)Rickets Severity Score (RSS)

Q2W Q4W

Carpenter T et al. N Engl J Med 2018, May 23



Burosumab for the treatment of XLH

XLH children aged above 1 year and adolescents with growing skeletons
if

they have radiographic evidence of overt bone disease



Conclusions

• XLH is a severe disease with significant morbidity

• Requires lifelong multidisciplinary management
• Symptomatic treatment:

- does not cure the disease
- has limitations and side effects

• Challenges:
- growth
- bone deformities
- recurrent dental infections
- adherence

• Burosumab is a promising treatment for XLH

• Important to collect the natural history of disease => prospective registries on treated pts.



Growth and comorbidity in children with XLH:
A prospective observational study & national/international registry

German Society for Pediatric Nephrology

German Society for Pediatric Endocrinology

Long-term outcome (conventional / burosemab treatment):
• Growth & body composition
• Musculo-skeletal system
• Teeth, kidney
• CV status
• Quality of life
• Rare complications

Anthropometry Ped. Nephrology Ped. Endocrinology Study Nurse
Miroslav Zivicnjak Dieter Haffner       Dirk Schnabel Elene Hammer
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