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Abstract Rickets remains a common problem among
infants and children in many countries worldwide. Al-
though the classical presentation associated with bone
abnormalities is well known, paediatricians need to be
aware of atypical presentations, especially in the first
6 months of life. Furthermore, although vitamin D
deficiency rickets remains the commonest form of rickets
in most countries, health care providers need to be aware
of other possible causes and their typical clinical and
biochemical presentations. This article discusses these
and highlights the characteristic features of various forms
of rickets and possible pitfalls clinicians should be aware
of when confronted with a patient with suspected rickets. In
conclusion, the recent advances made in understanding the
underlying pathogeneses of the various forms of rickets has
helped to delineate the diagnostic tests that assist in the
diagnosis and management of the disease in children.
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Introduction

Physicians worldwide need to be familiar with a diagnostic
approach to the rachitic infant or child as nutritional rickets
(vitamin D deficiency and calcium deficiency) is still
prevalent or re-emergent in different parts of the world
[15, 25], and the disease is prevalent among new
immigrant populations in some countries where rickets
traditionally had been combated [8, 17]. In addition,
genetic causes are more prevalent in consanguineous
communities and also communities where vitamin D
fortication of foods is practised. An early diagnosis with
proper treatment ensures an optimal outcome and mini-
mises skeletal deformities, more so in cases of resistant
rickets. The treatment of the rachitic infant in many
situations is also rewarding as dramatic improvement
ensues in a relatively short period of time. However,
separating the easily treatable cases of nutritional rickets
from the less easily treatable forms of resistant rickets
may prove a challenge in specific instances. For
example, the clinical and biochemical parameters may
have been significantly altered by earlier treatment (e.g.
by the use of vitamin D analogues, vitamin D or
phosphate), and the patient referred only after a failure
of therapy. Recognition of whether the patient falls into
the calciopenic or phosphopenic category is of paramount
importance, but not always easily recognisable (Table 1).
Since pattern recognition is rarely useful, e.g. the
presence of alopecia, which occurs in 50% of VDDR
type 2 rickets or with secondary causes of rickets (e.g.
liver disease with cholestasis), the cornerstone of diag-
nosis is a detailed history (nutritional, breastfeeding,
sunlight exposure and family history), anthropometric
measurements, skeletal examination and biochemical inves-
tigations of mineral homeostasis. The aim of this paper is to
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provide a practical and clinical approach to children with
suspected rickets.

Case 1: nutritional rickets—failure to thrive

A 22-month-old female toddler with clinical rickets was
referred from a peripheral hospital for evaluation. Growth
percentiles revealed growth failure: weight-for-age
(W/A) Z score of −4.04, height-for-age Z score (H/A)
of −2.46 and weight-for-height (W/H) Z score of −2.54.
She had been prescribed 3 months previously with
alphacalcidol (1α-hydroxyvitamin D3) at a dose of
0.4 mcg daily, which was later increased to 0.8 mcg
daily without clinical or biochemical healing. She was
exclusively breastfeeding and had had poor weight gain
since the age of 6 months. Parents were second cousins,
and the mother was P7G7. No prior sibling had had
rickets. Classic rachitic findings including bow legs,
rachitic rosary, a wide open anterior fontanelle and a
Harrison sulcus were present. On laboratory investiga-
tion, the toddler had a mild microcytic anaemia and a low
serum vitamin B12. The relevant perturbations in bio-
chemical assessment of mineral homeostasis are shown in
Table 2. A radiograph of the left wrist documented
classical features of rickets (Fig. 1).

The child was treated on vitamin D (ergocalciferol)
2,000 IU/day for 3 months and showed a rapid and complete
response. Thus, a final diagnosis of severe vitamin D

deficiency rickets in a breastfed infant, who had limited
exposure to UVB radiation, was made.

Discussion

The toddler presented as a classical case of vitamin D
deficiency rickets. Children with calciopenic rickets may
have a normal or low calcium concentration depending on
the stage of presentation of rickets and the compensatory
parathyroid hormone (PTH) response [10]. Phosphate
concentrations are typically decreased due to the phospha-
turic response to an elevated PTH. Unlike children with
calciopenic rickets, children with phosphopenic rickets
typically have a low serum phosphate with normal calcium
and PTH concentrations (Fig. 2).

Clinical pointers to nutritional rickets in this child were
exclusive breastfeeding (breastmilk contains the equivalent
of approximately 40 IU/L vitamin D [11], as compared to
infant milk formulas, which are fortified to 400 IU/L),
associated iron deficiency and poor growth. Failure to
thrive should also alert the physician to the possibility of
renal tubular disorders, such a renal tubular acidosis or
complex proximal renal tubular problems, such as Fanconi
syndrome. In many instances of nutritional rickets, the
child may have an associated mild hyperchloraemic
normal anion gap metabolic acidosis, which may mislead
the physician into diagnosing a primary tubular dysfunc-
tion. This functional tubular disorder is a consequence of

Calcipenic rickets Phosphopenic rickets

Vitamin D deficiency Insufficient phosphate intake

Inadequate sun exposure VLBW infants

Deficient vitamin D intake Malabsorption

Malabsorption Prolonged antacid intake

Steatorrhea

Defects in vitamin D metabolism Renal phosphate leak with FGF23 increase

25 hydroxylase deficiency XLH (OMIM no. 307800)

VDDR 1B (OMIM no. 600081) ADHR (OMIM no. 193100)

1-Alpha hydroxylase deficiency ARHR (OMIM no. 241520)

VDDR 1A (OMIM no. 264700) McCune–Albright syndrome (OMIM no. v174800)

Tumor-induced rickets

Linear nevus sebaceous syndrome

End-organ resistance to vitamin D Renal phosphate leak with hypercalciuria

Vitamin D receptor defect HHRH (OMIM no. 241530)

VDDR 2A (OMIM no. 277440) dRTA (OMIM nos. 79800/602722)

Resistance with normal receptor Dent disease (OMIM no. 300008)

VDDR 2B (OMIM no. 600785) Lowe syndrome (OMIM no. 309000)

Dietary calcium deficiency Fanconi syndrome (glucophosphoaminoaciduria)

Vegetarian diet in industrialised countries Primary

Nutritional deficit in developing countries Secondary, e.g. cystinosis, galactosemia, etc.

Table 1 The various forms of
rickets, classified according to
the three major primary
pathogenetic mechanisms

The list is not intended to be
complete but rather is provided to
show the large number of possible
causes, many of which have a
genetic basis. The third major
mechanism, primary mineraliza-
tion defects, has been excluded
from the table, and only the
calciopenic and phosphopenic
causative mechanisms are shown

VLBW very low birth weight
XLH X-linked hypophosphatae-
mia; ADHR autosomal dominant
hypophosphataemic rickets
ARHR autosomal recessive
hypophosphataemic rickets;
HHRH hereditary hypophospha-
taemic rickets with hypercalciuria
dRTA distal type renal tubular
acidosis
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hyperparathyroidism inducing defective renal conservation of
bicarbonate [18].

As mentioned earlier, serum phosphate is typically low
in association with elevated PTH in nutritional rickets.
Levels may be as low as 03–0.4 mmol/L in rare instances;
thus, serum Pi alone should not be used to make a diagnosis
of hypophosphataemic rickets.

Infants with vitamin D deficiency rickets typically have
normal weight trajectories, although growth may be
adversely affected. It has been stated that rickets does not
occur in malnourished children as it is a disease that
manifests with abnormalities at the growth plates; however,
this is not true, as the disease has been well described in
severely malnourished infants [27].

The use of alphacalcidol in the treatment of vitamin D
deficiency rickets is not recommended, as it is an expensive
form of therapy, is less effective than the parent vitamin D
[21], does not achieve the supra-physiological levels of
1,25(OH)2D that are achieved by vitamin D and fails to
replenish vitamin D stores (25-OHD<10 nmol/L in the
affected child after 3 months of treatment). Furthermore, a
response to therapy may mask vitamin D dependency
rickets. In this child, alphacalcidol clearly failed to cause
biochemical or radiological healing.

The earliest evidence of a response to vitamin D is a
rising phosphate concentration, followed by a decrease in
PTH, both of which are reassuring trends [14]. ALP may
rise initially and remain elevated for a prolonged period
before decreasing to normal values, usually between 3 and
6 months after initiation of therapy. A zone of provisional
calcification at the growth plate may be noted on radio-
graphs after 3–4 weeks of onset of therapy.

Case 2: nutritional rickets—normal growth
and hypocalcaemic seizures

This 5-month-old male infant presented with afebrile gener-
alised seizures 1 day prior to admission. They were charac-
terised by abnormal eye movements, generalised jerking and
involuntary muscle movements (symmetrical, flexed arms).
The child was born to a P1G1 mother, with a birth weight of

Fig. 1 Classic rachitic changes at the wrist: cupping, fraying and
widening resulting in the champagne glass appearance at the radial
and ulnar metaphyses

Table 2 The relevant biochemical investigations in the five patients

Case 1 Case 2 Case 3 Case 4 Case 5 Reference range

Ethnicity Arab Arab Arab Arab African

Age 22 months 5 months 6 years 4 years 16 years

Sex F M F F F

Serum Ca (mmol/L) 2.22 1.40 2.12 2.20 2.25 2.23–2.60

Serum Pi (mmol/L) 0.58 1.36 0.55–0.8 0.77 0.24 1.45–1.95

Alkaline phosphatase (IU/L) 1,568 1,025 1,500–3,000 590 1,053 110–350

PTH (pmol/L) 84.0 18.6 34-76 12.4 3.1 1.3–9.3

25OHD [nmol/L (ng/ml)] <10.0 (<4) 10.0 (4) 50–150 (20–60) 66 (26.4) >30a (12)

1,25(OH)2D [pmol/L (pg/ml)] <50 (<20) 118 (47.2) 59.2 (23.7) 60–140 (24–56)

TmPi/GFR (mmol/L) 0.61 0.3 0.4 1.3–1.8

Albumin (g/L) 41 40 37 36 35–50

Ca calcium; Pi phosphorus; PTH intact parathyroid hormone; 25OHD 25-hydroxyvitamin D; 1,25(OH)2D 1,25-dihydroxyvitamin D
a 250HD concentration above which vitamin D deficiency rickets does not occur
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3.25 kg and was exclusively breastfeeding. Growth parame-
ters were normal: W/A Z score, 0.98; H/A Z score, 0.33; and
W/H Z score, 1.07. No craniotabes was detected, but mild
widening at the wrist was thought to be present on palpation.
Developmental milestones were appropriate. Abdominal
examination revealed a 2-cm hepatomegaly and 3-cm spleno-
megaly, which were thought to represent extramedullary
haematopoeisis in the presence of iron deficiency anaemia.
A radiograph of the wrist showed some osteopenia and
radiolucency of the distal end of the radial metaphysis.
The ECG revealed a prolonged QTc interval of 0.491 s
(normal, <0.43 s).

Based on the clinical presentation, biochemistry (Table 2)
and vitamin D status, a diagnosis of hypocalcaemia and
seizures due to vitamin D deficiency was made. The infant
was successfully treated with intravenous calcium and
alphacalcidol (administered at a dose of 0.2 mcg/kg daily
to rapidly increase the calcium level) until the total calcium
was >1.8 mmol/L, and the QTc interval had begun to
normalise and subsequently discharged on ergocalciferol
and calcium supplementation for 3 months.

Discussion

Infants (typically <6 months) may present as a clinical
emergency with signs and symptoms related to hypocalcae-
mia. These include late neonatal hypocalcaemia, tetany,
seizures, laryngospasm (stridor), apnoea and rarely cardio-
myopathy [16]. As these infants generally do not have other
signs of vitamin D deficiency, it is imperative that

paediatricians should always consider the possibility of
hypocalcaemia due to vitamin D deficiency in the mother
and her offspring in the differential diagnosis of these
clinical presentations in the young infant. Two other
important differential diagnoses to consider in hypocalcae-
mic infants are hypoparathyroidism, including Di-George
syndrome (22q11.2 deletion), and pseudohypoparathyroid-
ism, which may be difficult to differentiate from vitamin D
deficiency in this age as vitamin D deficient young infants
may not have an appropriate PTH response to the
hypocalcaemia [5]. These latter conditions typically have
elevated serum Pi and normal ALP concentrations.

The staging of vitamin D deficiency as proposed by Fraser
provides a useful guide to conceptualise the physiologic
derangements that occur during the development of vitamin D
deficiency and rickets [10]. Even though there is not always a
clear delineation between the three stages of rickets, it is
likely that most young infants with hypocalcaemia are in
stage 1 (without adequate PTH compensation).

Case 3: vitamin D dependent rickets type 1A

This 6-year-old girl presented with the following key
features: a prolonged history of rickets (Fig. 3), an
unremarkable family history for rickets in parents who are
second cousins, an early age of presentation (6 months),
delayed motor milestones and dentition and failed conven-
tional vitamin D therapy for rickets. She was subsequently
diagnosed as having XLH and treated with vitamin D
analogues (alphacalcidol and calcitriol) and phosphorus

Fig. 2 Algorithm for the differ-
ential diagnosis of rickets and its
different types. P phosphate; ALP
alcaline phosphatase; Ca calcium;
CRF chronic renal failure; ROD
renal osteodystrophy; 25OHD 25
hydroxyvitamin D; TmP/GFR
tubular maximum for phosphate
corrected for glomerular filtration
rate; 1,25-(OH)2D 1–25 dihy-
droxy vitamin D; FGF23 fibro-
blast growth factor 23, Ugluc
glucosuria; Uprot proteinuria;
Uca calciuria; VDDR vitamin-D-
dependent rickets; XLH X-linked
hypophosphataemic rickets;
ADHR autosomal dominant
hypophosphataemic rickets;
ARHR autosomal recessive hypo-
phosphataemic rickets; HHRH
hereditary hypophosphataemic
rickets with hypercalciuria; dRTA
distal renal tubular acidosis
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supplementation with marginal improvement. Her acute
issues included non-compliance to medication, difficult
ambulation, severe persistent bone pain, severe skeletal
deformities (Fig. 4), severe dental caries, recent tetany, a
recent tibia fracture and severe stunting. Her biochemical
profile (Table 2) over the last 6 months revealed persistently
low calcium (2.12 mmol/L), low phosphate blood levels
(range, 0.55–0.8 mmol/L), severe hyperparathyroidism
(range, 34–76 pmol/L), low levels of 1,25(OH)2D
(<50 pmol/L when off vitamin D analogues), normal
25OHD (50–150 nmol/L), increased ALP (range, 1,500–
3,000 IU/L), normal renal function and low TmPi/GFR
(0.61 mmol/L) (Table 2). Genetic testing revealed no
mutations in the PHEX (XLH), FGF23 (ADHR) or in the
coding region of VDR (VDDR II).

Discussion

Incomplete treatment of calciopenic forms of rickets may
make the diagnosis of the underlying condition difficult.
The inappropriate diagnosis of XLH was probably based on
a normal Ca and low serum Pi at that time (normocalcaemia
could have been due to therapy with vitamin D analogues,
the dose of which were insufficient to correct the
hyperparathyroidism and resultant hypophosphataemia).
However, cognisance was clearly not taken of the markedly
elevated PTH, which is not consistent with the diagnosis of
XLH, even though in XLH PTH values might be
marginally elevated on initial presentation or more mark-
edly so as a result of phosphate supplementation as part of
therapy [22]. The patient presents with features of stage 3

rickets (low calcium, markedly increased PTH and ALP
and severe rickets radiologically).

In the presence of severe active rickets with severe
secondary hyperparathyroidism and hypocalcaemia and the
presence of adequate substrate (a normal 25OHD level), the
normal compensatory response is to produce 1,25(OH)2D at
supraphysiological levels (as seen in nutritional rickets once
therapy with vitamin D is started) [24]. Therefore, the
finding of normal or low 1,25(OH)2D values, as in this
case, is physiologically inappropriate, suggesting a defect in
the conversion of 25OHD to 1,25(OH)2D. The onset and
symptoms resemble those of vitamin D deficiency, except
that, at presentation, symptoms were severe and myopathy
a very marked feature. The presumptive diagnosis of
VDDR type1A was made on the failure of conventional
treatment for rickets, exclusion of other causes and the
child’s complete recovery when treated on vitamin D
analogues (alphacalcidol or calcitriol) and compliance to
therapy had been ensured.

Case 4: hypophosphataemic rickets

This 4-year-8-month-old child with a presumptive diagnosis
of hypophosphatemic rickets was referred because of a
poor response to therapy with phosphate and alphacalci-
dol on which she had been treated for the past 6 months.
Growth percentiles reflected marked short stature: W/A Z
score, −0.31; H/A Z score, −3.69; and W/H Z score,
2.16. Her birth weight was 3 kg; she began walking at
2 years, had a negative family history and was previously
extensively investigated at other hospitals. She has never had
seizures, muscle weakness or tetany. She had obvious short
stature, knock knees, wide splaying at wrists and mild
plagiocephaly. Poor dentition with extensive caries was noted.
Her parents are first cousins, and she had two other normal
siblings. Radiographs revealed the presence of active rickets

Fig. 4 Severe coxa vara (shepherd crook deformity) and osteopenic
appearance of the bones

Fig. 3 Clinical deformities (widened wrists and knock knees) in child
with vitamin D dependency rickets type 1
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and bowing. Biochemistry confirmed hypophosphataemia
with mildly elevated ALP and PTH (Table 2). Her renal
function was normal, and her TmPi/GFR was low at
0.3 mmol/L. The clinical picture, radiographic changes and
the biochemistry supported the diagnosis of X-linked
hypophosphataemic rickets, and she was treated accordingly.

Discussion

The classic clinical trial for XLH is hypophosphataemia,
progressive lower limb deformities and stunted growth.
Notably, the children do not have muscle weakness or
tetany. Since the hypophosphataemia does not cause
symptoms, their presentation with lower limb deformities
typically occurs only after they start weight bearing. ALP is
usually moderately elevated and PTH typically within the
normal range, although the latter may be marginally
elevated at the time of initial diagnosis. The mechanism
for the elevated PTH in XLH is unknown [22]. It has been
suggested that the parathyroid gland in XLH is resistant to
the elevated fibroblast growth factor 23 (FGF23) concen-
trations typically found [1], thus limiting FGF23’s ability to
inhibit PTH secretion [7]. Furthermore, phosphate supple-
ments, which may cause a decrease in ionised calcium and
a compensatory increase in PTH concentration, may
partially be responsible [22]. Recently, the possibility of
the use of calcimimetics (cinacalcet) in controlling hyper-
parathyroidism in XLH has been considered [2, 28];
however, there are no formal trials reported utilising this
adjuvant therapy.

Typically in XLH, the radiographs do not show evidence
of osteopenia despite having typical rachitic changes at the
growth plates. Few studies have formally studied bone
mass in XLH, but in a small study some years ago, bone
mass at the lumbar spine was found to be increased in both
treated and untreated patients, while radial bone mass
tended to be lower than controls [19]

The lack of a family history is not unusual in patients
with XLH as sporadic mutations occur in some 30%. In
addition, the inheritance pattern is X-linked dominant;
therefore, girls are affected more frequently than boys.
Some evidence suggests that hemizygote male may be more
affected than the heterozygote female (whose clinical
manifestation may vary in severity), but this finding is
disputed [26]. XLH is linked to defects in PHEX, which is
involved in the control of FGF23, whose levels are elevated
in XLH [7]. These elevated levels of FGF23 suppress
1,25-(OH)2D formation; thus, patients may have inappro-
priately low 1,25-(OH)2D in the face of hypophosphatae-
mia. Recent evidence in the mouse model has indicated
that elevated FGF23 concentrations play a pivotal role in
the hypophosphataemia, depressed 1,25-(OH)2D concen-

trations and rachitic abnormalities seen in XLH and that
the use of anti-FGF23 antibodies corrects the biochemical
perturbations and ameliorates the rachitic bone lesions [4],
offering hope that a more appropriate therapeutic approach
to the management of XLH patients may be available in
the future.

The diagnosis of phosphopenic rickets due to renal or
FGF23-dependent causes needs to demonstrate renal phos-
phate wasting. This is accomplished by collecting an untimed
fasting urine specimen (typically the second voided urine
specimen in the morning) and a blood sample at the same time
for the measurement of Pi and creatinine (Cr), after which the
phosphate clearance is calculated: FePi=(uPi×pCR/uCR×pPi).
The tubular reabsorption of phosphate [TRP%=(1−FePi)×
100] or TmPi/GFR [6] is typically inappropriately low in the
face of hypophosphataemia. The TmPi/GFR (or TRP%)
may be low in both phosphopenic and calciopenic forms
of rickets and cannot be interpreted without assessing
other biochemical parameters.

Case 5: tumour-induced osteomalacia

A16-year-old teenager presented with joint pains and proximal
muscle weakness affecting the pelvic girdle more than the
shoulders for 6 months duration. She was a well-nourished
adolescent with a weight of 46 kg (BMI Z score, −0.63)
and height of 155.5 cm (Z score, −1.04) and in Tanner
stage 4 pubertal development. Clinical examination and
radiological investigations revealed features of rickets with
marked osteopenia. Relevant biochemistry is provided in
Table 2. Urine dipstix and renal function was normal. The
TmPi/GFR was 0.4 mmol/L GFR and urinary calcium

Fig. 5 Octreotide scan showing increased uptake at the distal end of
the left femur, compatible with the diagnosis of a FGF23 secreting
mesenchymal cell tumour
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excretion 1.2 mg/kg/24 h (normal, 2–5 mg/kg/24 h). Because
of the recent onset and severity of the myopathy, the initial
diagnosis was that of acquired hypophosphataemia with
rickets/osteomalacia [20].

She was started on phosphate replacement and alpha-
calcidol, but despite treatment, the condition worsened. She
developed bilateral femoral shaft fractures and had correc-
tive osteotomies and rod insertions. Muscle weakness
became progressively worse; she developed persistent back
and limb pain and a kyphosis as a result of numerous
vertebral fractures and became wheelchair bound. FGF23
levels were elevated (198 RU/mL). An octreotide scintig-
raphy scan was done and revealed a localised hot spot in
the distal left femoral metaphysis (Fig. 5) [13]. A biopsy of
the distal femur revealed a focus of characteristic calcifica-
tion and fibrous proliferation along with a loosely textured
spindle cell proliferation. Giant cells are also noted. The
histology was compatible with a mesenchymal phosphatu-
ric tumour. Although an initial orthopaedic biopsy and
curette of the distal femoral metaphysis resulted in an
improvement in serum Pi values, these again deteriorated,
and the patient subsequently had a distal femoral resection
with insertion of knee prosthesis. This resulted in clinical
improvement of the myopathy and bone pain and a
temporary rise in Pi, although this has decreased again,
and a repeat octreotide scintigraphy scan revealed residual
uptake around the prosthesis.

Discussion

Tumour-induced osteomalacia (TIO) is an acquired debilitat-
ing osteomalacic or rachitic condition associated with a
usually benign mesenchymal tumour secreting mainly FG23
[1, 12]. Patients present with osteomalacia/rickets, fractures,
severe bone pain and muscle weakness, which help to
differentiate TIO from XLH despite similar biochemical
phenotypes. The age of presentation of TIO varies, but is
considered to be very unusual in children [9] and is not in
keeping with XLH and other phosphopenic forms of rickets,
which typically present with features of rickets in the first
2 years of life. Careful search for a tumour is an important
step in confirming the diagnosis. Tumours generally arise in
the neck and head regions or in the skeleton and are usually
described as mixed connective tissue tumours, haemangio-
pericytomas or chondroblastic–osteoblastic fibromas. Local-
isation of the tumour using octreotide scintigraphy is often
successful; however, in certain situations, selective venous
sampling for FGF23 concentrations may assist [3]. Removal
of tumour after successful localisation results in resolution of
symptoms, normalisation of phosphate within hours postop-
eratively and a decrease in FGF-23 levels. If the tumour is
not localised, long-term treatment with phosphate and

calcitriol is recommended. Octreotide therapy has been
suggested as an alternative option, but is very expensive [23].

Conclusions

We have attempted in this overview to provide an insight
into the various clinical and biochemical clues, which can
be used to help differentiate the various causes of rickets.
Although the various causes of rickets are not dealt with
comprehensively, it is intended that the discussion will
provide a guide to help categorise the problematic patient,
narrowing down the differential diagnosis and reducing the
need for often expensive investigations.
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