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I N T R O D U C T I O N

• Rickets is a disease of growing children arising from alterations in Ca and PO4 

metabolism

• It results in impaired apoptosis of hypertrophic chondrocytes and thus widening of  the 

growth plate

• Symptoms depend on the patients age, duration of disease and underlying disorder-

however, clinical features alone cannot differentiate

• Nutritional rickets are due to vit D deficiency, and/or dietary deficiency of Ca- and is the 

most common form

• However, currently more than 20 acquired or hereditary causes of rickets are known



R E C O G N I T I O N  O F  R I C K E T S

• Impaired mineralization of the growth plate can be radiologically demonstrated 

in Xrays of Wrist or knee- showing metaphyseal fraying and widening of growth 

plates 

• In conjunction is the elevation of the Osteoblast marker- alkaline Phosphatase

• Rickets may be classified as  Calcipenic rickets and Phosphopenic Rickets



There is growing evidence that the ultimate cause of rickets is the insufficient 
availability of Phosphate required for terminal differentiation and 

mineralization of the growth plate  chondrocytes

MORPHOLOGY OF GROWTH PLATE- ROLE OF PHOSPHORUS



• Low calcium stores results in 
increase in PTH

• Stimulates Vit D production
• Increase Ca absorption from 

gut
• Mobilizes calcium from bone
• Increases PO4 excretion
• Low extracellular PO4
• Decreased apoptosis of 

hypertrophic chondrocytes

ROLE OF PO4





I M P R O V E D  U N D E R S T A N D I N G  O F  
P A T H O P H Y S I O L O G Y

• Discovery of new Ca and PO4 metabolism regulator- Phosphaturic hormone-

Fibroblast Growth factor 23 (FGF23)

• Easy availability of genetic testing has revolutionized the diagnosis and 

management of many forms of rickets

• Helped in understanding the pathophysiology  in many hereditary disorders

• Targeted therapy has now become available for some hereditary forms like XLHR  

(X-linked hypophosphatemic rickets) which requires correct diagnosis before 

treatment



Prevalence of Vit D 
Deficiency:

1-4 years: 14%

School-going children  
(5-9 years): 18%

Adolescents
(10-19 years): 24%

HEREDITARY RICKETS
(10-15%)

NUTRITIONAL RICKETS
(85-90%)

RICKETS

CALCIPENIC RICKETS PHOSPHOPENIC RICKETS

RICKETS

INSUFFICIENT 
VITAMIN D INTAKE
and/or insufficient 
CALCIUM INTAKE

VITAMIN D 
METABOLISM 

problems

INSUFFICIENT P 

intake or 

lack of absorption

PHOSPHORUS 

METABOLISM 

problems

CLASSIFICATION OF RICKETS



Baroncelli GI,, Group of the Italian Society of Pediatric Endocrinology and Diabetology. Front. Endocrinol. 15:1383681. doi: 
10.3389/fendo.2024.1383681



An Overview of Rickets in Children REVIEW Rahul Chanchlani KI Reports Kidney Int Rep (2020) 5, 980–990; .



PATHOPHYSIOLOGY









An Overview of Rickets in Children REVIEW Rahul Chanchlani 
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RADIOLOGICAL SIGNS OF RICKETS





M I N E R A L  H O M E O S TA S I S

Maintained by Complex interaction between 3 systems:

INTESTINE

BONE                               KIDNEY

Calciotropic and 
Phosphate regulating 

hormones

R. Chanchalani et al. Kidney International Reports (2020) 5, 980–990



HOMEOSTASIS



CALCIUM PHOSPHATE REGULATION 



RECEPTORS IN HOMEOSTASIS

FGF 23 PHEX

DMP1

KLOTHOFGFR1



PHOSPHATE  METABOLISM

NaPi2a encoded by SLC34A1
NaPi 2b encoded by SLC34 A2
NaPi 2c encoded by SLC34 A3

Freely filtered across glomerular 
capillaries, the reabsorbed in PCT

• 90% is absorbed by NaPi2a in the brush 
border epithelial PCT 

NaPi 2c –deeper nephrons in PCT MUTATIONS- PO4 WASTING



CALCIUM METABOLISM • Absorption from Intestine via Transepithelial
transport through the apical membrane Ca
channel TRPV6

• Active extrusion through the basolateral
channel PMCA1b

• Calcium enters extracellular fluid –
reaches bone-Secreted to Gut or filtered
in the kidney through TRPV5channel



VITAMIN D DEPENDANT RICKETS



VDDR







HYPOPHOSPHATEMIC 
RICKETS



R O L E  O F  F G F 2 3

Hypophosphatemia due to  ↑ Renal Loss

FGF23 Mediated FGF23 Independent

X Linked 
HypoPhosph

atemia

AR 
hypophosp

hatemic  
Rickets

AD 
hypophosp

hatemic
Rickets

Iron Infusion 
induced

Tumour 
induced

Fibrous 
dysplasia

Kidney 
transplant

Hepatic

Loss of Ca2+ 
also

Renal loss of PO4 



N O N - F G F 2 3  M E D I AT E D  
H Y P O P H O S P H AT E M I A

• The renal tubule may contain the primary defect 

• FGF23 may be inappropriately suppressed

• May be accompanied by hypercalciuria

• Includes Fanconi Syndrome

HEREDITARY HYPOPHOSPHATEMIC RICKETS 
with Hypercalciuria- AR SLC34A3 variant

Insufficient renal Na-dependent PO4 
transporter 2c

Impaired PO4 reabsorption
Severe Rickets

FANCONI SYNDROME-Genetic 
renal TUBULOPATHY

- Chloride Channel 5 (Dents)
-Na-PO4 Cotransporter 2a
-Cystinosis:-CTNS  causing 
Nephropathic Cystinosis
-Hereditary Tyrosinemia

GENERALISED WASTING OCCURS

Some NaPi2a(SLC34A1) variants cause 
abnormal processing, intracellular 

transport of protein and tubular damage

Other cause infantile hypercalcemia due to 
excess Vit D3  or nephrolithiasis









Endocrines 2022, 3(1), 150-

167; https://doi.org/10.3390/endocrines3010014

https://doi.org/10.3390/endocrines3010014






• Marker of osteoblastic activity- elevated in all forms of Rickets

• In children, 80-90% is Bone in origin

• Tetra-phasic increase- highest in Infancy and puberty,  Trough in mid-childhood 

and post-puberty

• Highly elevated in treatment naïve Calcipenic rickets (up to 10-fold->2000U)

• Moderately elevated in Phosphopenic rickets (1-3 times – 400-800U)

• Normal or reduced ALP: Blount’s disease

Metaphyseal dysplasia

Hypophosphatasia

IMPORTANCE OF ALKALINE PHOSPHATASE





Metaphyseal 
dysplasia

Osteogenesis 
imperfecta

Hypophosphatasia

Tumoral 
Calcinosis



Aditi Jaiman et al. J Clin Med Kaz 2021; 18(1):7-13

BIOCHEMICAL CHANGES IN RICKETS



Baroncelli G et al.Frontiers of Endocrinol 2024Vol 15- 2024





Pediatric Nephrology
Journal of the 

International Pediatric Nephrology Association

Article
OriginalEtiology, clinical characteristics, genetic profile and outcomes of children 

with refractory rickets at a referral center in India: A cohort study

AIM: To evaluate the etiology, clinical features, genetic profile, and outcomes of refractory rickets with normal kidney function at presentation 

Mathew V, Deepthi B, et al. 2025CONCLUSION: Distal RTA, X-linked hypophosphatemic rickets and cystinosis 
were the commonest cause of refractory rickets. The c.2573C>A variant in 
exon 19 was a recurrent mutation in SLC4A1-dRTA.

72 patients from
65 families 

Refractory rickets with 
normal eGFR at presentation

Single centre in 
south India

DESIGN & OUTCOMES

Age at presentation-
2 [1, 4] years 

Polyuria- 51.4 %

Failure to thrive- 68.1%

Etiology and
Genetic spectrum

of Refractory rickets 

Nephrocalcinosis- 45.8%

56 Pathogenic/likely pathogenic 
variants

Progression to CKD 
stage 2 or greater on 
follow-up:

➢ Cystinosis- 5 
cases

➢ SLC4A1-dRTA-
2 cases

➢ WDR72-dRTA-
2 cases

➢ Bartter 
syndrome- 2 
cases

❖ Total- 11 patients



V Mathew et al Pediatric Nephrology (2025) 40:1915–192



V Mathew et al Pediatric Nephrology (2025) 40:1915–192



V Mathew et al Pediatric Nephrology (2025) 40:1915–192



V Mathew et al Pediatric Nephrology (2025) 40:1915–192



H Y P O P H O S P H A T E M I C R I C K E T S ( H P R )

• In infancy or early childhood with skeletal deformities and growth plate abnormalities

• Most common causes are genetic ( XLHPR)resulting in lifelong hypophosphatemia and 

osteomalacia

• Good clinical evaluation required

• Treatment includes the active form of vit D along with  PO4 salts

• Newest modality available- BURSOSUMAB - XLHPR

(anti-FGF23 antibody treatment)



C L I N I C A L  F E AT U R E S - H P R

Presents similar  to nutritional Rickets

• Poor growth

• Deformities of weight-bearing joints ( Genu valgum or varus)

• Rachitic rosary, frontal bossing, enlargement of knees, wrists, ankles

• May have hypotonia, delayed motor development, myopathy, bone pain

• Waddling gait with in-toeing

• Short stature with disproportionately short lower limbs, typically after 1 year

• Dental abscesses are common

• Family history may be present



A P P R O A C H  T O  D I A G N O S I S - R I C K E T S  

Wrong and delayed diagnosis may result in inappropriate 
treatment of rickets and poor outcome

• Good medical history

• Biochemical tests

• Radiography

• Genetic tests

(especially in those with no family history but genetic form suspected)





Renal Tubular reabsorption of phosphate, (TmP/GFR): indications and interpretation. Payne RB Ann. Clin. Biochem. 1998; 35: 201-206. 

TUBULAR ABSORPTION OF PO4

If TRP<0.86, reabsorption is 
Maximal

Bijvoet normogram for TmP/GFR



Baroncelli G et al.Frontiers of Endocrinol 2024Vol 15- 2024

RADIOLOGICAL FEATURES OF RICKETS

Best assessed at the growth plates of rapidly growing bones
Rickets Severity Score

(Thacher)



G E N E T I C  T E S T I N G

• Consider Genetic testing whenever available

• If family history present- TARGETED SEQUENCING

• MULTIGENE hypophosphatemia panels are also available



V Mathew et al Pediatric Nephrology (2025) 40:1915–192



A P P R O A C H T O  D I A G N O S I S



Agrawal C, Chakraborty PP. Rickets in renal tubular acidosis: A clinical appraisal. J Exp Nephrol 2020; 
1(1):17-24.



Michael Levine. Frontiers in 
Pediatrics. 2020



Dieter Haffner. Natures Review Nephrology 2019



Haffner D, Emma F, Eastwood DM, et al Clinical practice recommendations for the diagnosis and management of X-linked 

hypophosphataemia. Nat Rev Nephrol. 2019 Jul;15(7):435-455. 

RICKETS





T R E AT M E N T  G O A L S

• Improve Growth

• Treat Rickets

• Decrease SKELETAL deformity

• Decrease Bone Pain

• Improve muscle strength and 

ambulation



TREATMENT of VDDR

Michael Levine. Frontiers in Pediatrics. 2020



X - L I N K E D  H Y P O P H A T E M I C  R I C K E T S

• High Dose  Calcitriol

Without this can develop severe hyperparathyroidism

Helps to increase PO4 absorption and helps in healing

Dose: 20-30 ng/day, alpha calcidiol 40-60 ng/day

Multiple doses- due to short half-life and ongoing losses

Dose titrated based on response- improvement in symptoms and ALP    
normalizing

• Oral PO4: 

• 20-60 mg/day ( divided into 3 to  5 doses)     

In Non FGF23 
Rickets: only PO4   
supplements 
Vit D is already high



• Human Monoclonal Antibody that binds to FGF23 and inhibits it activity

• FDA approved as monotherapy in children and adults with XL HPR and TIO

• Further studies are needed for FGF-mediated disorders

• It is mechanistically inappropriate if FGF23 levels are low

• CI in moderate to severe kidney disease

TARGETED THERAPY - BUROSUMAB



BUROSUMAB





S I T U AT I O N S  I N D I C AT E D

• Failure of conventional therapy

• Severe Rickets, deformities, short stature- start early

• Development of  hyperparathyroidism

• Persistent rickets, bone pain, failure to correct ALP- worsening growth 

deficit

• Non-compliance with Conventional treatment, multiple dosing

DOSE: 0.8mg/kg- every 2 weeks
Given Subcut, titrated to 2 mg/kg

Half life 13-19 days
Target- low to mid normal PO4

Peak increase in TMP GFR- 7 days
Increase in PO4 and 125 (OH)2 D3 in 3d 
Rise to supraphysiological levels initially



C O N C L U S I O N S - E F F I C A C Y  

Burosumab has several advantages over conventional treatment

• It removes the burden of medicating several times per day as with conventional 

treatment which hampers adherence

• It was shown to be more effective in healing rickets

• It has good safety profile compared to Conventional- which is known for GI 

discomfort, hypercalciuria, secondary hyperparathyroidism, diarrhoea and 

nephrocalcinosis 

Is Expensive
Not freely available

Not licensed below 12 
months of age

Some milder cases may 
not require it



TA K E  H O M E  M E S S A G E

• The diagnosis of Rickets is based on typical clinical symptoms and radiological findings

• Nutritional Rickets due to Vit D deficiency or  Ca deficiency is commonest

• Hereditary causes of Rickets is due to mutation in genes involved in Vitamin D 

metabolism or action, renal PO4 reabsorption or synthesis/degradation of 

Phosphaturic hormone FGF23

• Genetic confirmation of diagnosis is helpful in planning therapy

• Conventional treatment of X-linked HPR may be beneficial but not always successful

• Burosumab has been proven to be highly successful  in treating XL HPR and TIO

• Its role in other FGF23-driven forms of Phosphopenic rickets needs study




