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Review Article

Bone is a homeostatic and metabolically active
organ and receives about 10 per cent of the cardiac
output. The structural integrity and health of the adult
skeleton is maintained by bone remodelling, the process
whereby bone that has undergone fatigue damage from
repetitive cyclical loading is replaced by new bone. The
damaged or effete bone resorbed by osteoclasts is
replaced at the same location by osteoblasts. It is the
remodelling of the bone whether it occurs in the growing
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Syndromes of bone disease and deformities consequent to disorders of nutrition, bone and mineral
metabolism constitute a serious national health problem. The studies on this subject are scanty.
Data on nutritional bone disease are described and discussed. We had surveyed 337.68 million
population residing in 0.39 million villages in 22 States of India during the period 1963 to 2005. Of
the 4,11,744 patients identified with the disorders of bone and mineral metabolism, 2,13,760 (52%)
had nutritional bone disease, 1,77,200 (43%) had endemic skeletal fluorosis and 20,784 (5%) had
metabolic bone disease and in 41 patients (0.19%) the bone disease was rare, mixed or unidentified.
Vitamin D deficiency osteomalacia and rickets caused by inadequate exposure to sunlight (290-315
nm), dietary calcium deficiency (<300 mg/day) and fluoride interaction syndromes, calcium
deficiency induced osteoporosis and calcium and vitamin D deficiency induced osteoporosis in the
elderly, were the commonest disorders responsible for bone disease and deformities, besides caused
by endemic skeletal fluorosis as a single entity in endemic fluorosis villages. Calcium deficiency per
se dose not cause rickets, as revealed in our long-term follow up study on 47,500 calcium deficient
children. Only mothers with severely depleted bone mineral and vitamin D stores gave birth to
their babies with congenital rickets. Vitamin D deficiency rickets in children and osteomalacia in
the mothers are the commonest disorders prevalent in the rural population of India. These disorders
and the syndromes of calcium deficiency and fluoride interactions are largely responsible for the
morbidity and mortality in the young and promising individuals, with economic consequences.
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or non growing skeleton, which decides the fate of the
human skeleton and determines its health and disease
throughout the life.

Good nutrition is as important for bone health as it
is for general health. Although the adequate nutrient
intakes of calcium, vitamin D, and protein are of critical
importance for bone health, phosphorus and certain
trace minerals (magnesium, manganese, copper, and



zinc) and vitamin C and K are also involved in bone
health1.

Nutritional bone disease is defined as a syndrome
of bone disease and deformities in which the bone is
affected as a tissue, primarily as a consequence to
deficiencies of vitamin D and calcium; or imbalances
of the nutrients which are critically important for the
growth and development of the bone; its mineralization
and maintenance of calcium homeostasis and the
structural integrity and health of the skeleton.

Epidemiology of nutritional bone disease

With our projects aimed at applied research on
disorders of bone and mineral metabolism in the rural
population, we have personally surveyed 337.68 million
population residing in 0.39 million villages located in
22 States of India, during the period 1963-20052,3.

The total number of patients identified with the
disorders of bone and mineral metabolism were
4,11,744. Among the surveyed population, 2,13,760
(52%) had nutritional bone disease; 20,784 (5%) had
metabolic bone disease; and 1,77,200 (43%) had
endemic skeletal fluorosis; and in 41 patients (0.19%),
the bone disease was rare, mixed, or unidentified3-5. The
epidemiological spectrum of nutritional bone disease
is summarized in Table I.

Vitamin D deficiency and osteomalacia

Vitamin D deficiency can conveniently be
classified6 as extrinsic, due to a combination of reduced
endogenous skin synthesis and reduced dietary intake
(negligible factor), and intrinsic, due to some
combination of impaired intestinal absorption and
increased catabolism, frequently initiated by
malabsorption of calcium.

Nutritional (privational) vitamin D-deficiency
osteomalacia is the commonest nutritional bone disease
prevalent in Indian mothers and is characterized by a
failure to mineralize the newly formed organic matrix
(osteoid) of bone in a normal manner. It occurs due to
inadequate exposure to sunlight (UVB 290-315nm) in
the mothers who had depleted their bone, minerals and
vitamin D stores during repeated pregnancies and
prolonged lactations.

Aetiopathogenesis

The most important misconception about vitamin
D-deficiency osteomalacia especially in Asians living
in UK is that it results due to their skin pigmentation,
vegetarian diets, and consumption of unleavened
chapatis made out of high extraction wheat flour rich
in fibre and phytate contents7.

In our studies2,8,9 we have performed separate
measurements of serum 25(OH)D

3
 (skin synthesized

vitamin D
3
) and 25(OH)D

2
 (dietary vitamin D

2
) and

demonstrated that the contribution of 25(OH)D
2 
to total

circulating 25(OH)D in normal women of child bearing
age was negligible, less than 8 per cent and over 92 per
cent of serum 25(OH)D was endogenously synthesized,
following exposure to sunlight (UVB 290-315nm)4,10,
and confirmed the marginal or the negligible role of
dietary vitamin D.

All women, house bound, living in crowded
localities and dark alleys, with covered-up style of
clothing and purdah and thus, deprived, of sun exposure,
are at the highest risk of developing vitamin D-
deficiency osteomalacia. Thus, the inadequate vitamin
D synthesis in the skin due to lack of exposure to
sunlight (UVR) is the fundamental abnormality which
plays the pivotal role in the aetiopathogenesis of vitamin
D-deficiency osteomalacia. This emerging fact has been
strongly supported by the cure of vitamin D-deficiency
osteomalacia, only by ultraviolet radiation from
mercury vapor quartz lamp and the exposure to sunlight
in several studies11-13.

Table I. Nutritional bone deseases3-5,7

Total patients with nutritional bone disease 2,13,760
(52)

Vitamin D deficiency osteomalacia 75,600
(35.3)

Vitamin D deficiency rickets 16,300
(7.6)

Congenital vitamin D deficiency rickets (newborns
of osteomalacia mothers) 3 (0.1)
Vitamin D deficiency rickets in breast fed infants
(newborns of osteomalacia mothers) 972

(0.45)
Dietary calcium deficiency (critical years of growth)86,800

(40.6)
Dietary calcium deficiency (adults, premenopausal)18,580

(8)
Calcium and vitamin D deficiency (elderly people) 14,205

(6.6)
Protein energy malnutrition (kwashiorkor, marasmus)1,300

(0.6)
Dietary calcium deficiency rickets None
Dietary phosphate deficiency rickets None

Figures in parantheses are percentage value5. Dietary calcium
deficiency indicates mean calcium intake <300 mg/day2-5.
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Geographic prevalence

Vitamin D-deficiency osteomalacia as defined and
occurred in our patients has shown selective geographic
distribution. The geographic prevalence of
osteomalacia2 showed that the women residing in the
northern parts of India were heavily affected then those
living south to Mumbai and Kolkota in the south to
western and eastern States of India. This difference in
the incidence of osteomalacia is due to North-South
gradient of the solar ultraviolet radiations (UVR-B 219-
315 nm) which are essential for the endogenous
cutaneous synthesis of vitamin D

3
. Synthesis of vitamin

D
3
 in the skin is reduced by residence at northern

latitudes distant from the equator and atmospheric
pollution14,15.

Biochemical and endocrine evolution of untreated
osteomalacia

We had recognized six transitional metabolic states
of secondary hyperparathyroidism 20HPT during three
major stages of evolution of untreated osteomalacia in
7,700 patients (1) hypocalcaemic, (2) normocalcaemic,
(3) normocalcaemic with abnormalities intensified, (4)
severe hypocalcaemic, (5) very severe hypocalcaemic,
and (6) evolution of 20HPT to the state of autonomous
parathyroid adenoma (autonomous production of PTH)
described as tertiary hyperparathyroidism16.

As a group, patients with osteomalacia have
hypocalcaemia, hypophosphataemia, low serum
25(OH)D and secondary hyperparathyroidism with an
unequivocally raised serum parathyroid hormone (PTH)
concentration, increased urinary cyclic AMP excretion,
increased tubular calcium reabsorption and decreased
tubular phosphate reabsorption. Serum 25(OH)D is
usually low (<3 ng/ml) or unmeasurable, 1,25(OH)2D
levels are usually reduced or undetectable and 24 h
urinary calcium excretion is low. The most diagnostic
biochemical feature of osteomalacia is a low or
undetectable serum 25(OH)D in the presence of
secondary hyperparathyroidism with unequivocally
raised serum parathyroid levels (Table II).

Manifestations

The classic symptoms16-18 of osteomalacia are low
back pain, bone pains and tenderness, muscle weakness
(proximal limb girdle), inability to rise without support,
difficulty in walking or climbing stairs, classic duck-like
waddling gait and tetany. Because osteoid tissue is pliable,
it is unable to resist weight bearing or mechanical loads,
the generalized softening of the bones so caused leads to
crippling deformities in patients with severe osteomalacia.

Radiological changes in bone result from impaired
mineralization and increased PTH secretion. The best
known radiographic feature of osteomalacia is the
Looser’s zone, a lucent band perpendicular to the
periosteum. Looser’s zones occur most commonly in
the ribs, pubic rami and outer border of the scapulae,
femoral neck and less commonly in the metacarpals
and shafts of the long bones. They are usually
associated with local tenderness and pain on activity.
The triradiate pelvis with multiple, symmetrical
Looser’s zones in the ischio-pubic rami without the
callus in the absence of treatment, is diagnostic of
osteomalacia.

Looser’s zones show up on bone scans as localized
regions of increased uptake and are often the sites of
local tenderness and pain on activity. Other features
include symmetrical vertebral biconcavity and findings
of high bone turnover as intracortical porosity, cortical
striations in the metacarpals and phalanges. Reduction
in bone density is the non specific observation. Vertebral
compression fractures, femoral and true fractures do
not occur in osteomalacia unless complicated by tertiary
hyperparathyroidism with osteitis fibrosa2.

Histomorphometric analysis of bone

In mild osteomalacia mineralization is delayed in
onset and proceeds more slowly, and in severe
osteomalacia mineralization fails to occur at all (Table
III) 19. In the early stages of the disease the characteristic
features of osteomalacia may not occur and the ultimate
diagnosis in such cases is only possible on
histomorphometric measurements of bone, which allow
direct observation of the state of mineralization and
dynamics of bone turnover19,20.

Tertiary hyperparathyroidism (3 0HPT) in vitamin
D deficiency osteomalacia

We have used the term tertiary hyperparathyroidism
to describe the state in which the active parathyroid
cell mass evolves into an adenoma (autonomous
production of PTH) in one gland on the background of
longstanding secondary hyperparathyroidism in
mothers with vitamin D deficiency osteomalacia and
the remaining parathyroid glands remain hyperplastic,
with hypercalcaemia and osteitis fibrosa as the major
hallmarks of the disease. In all the 32 patients with
30HPT, we found inverse relationship between serum
25(OH)D the best indicator of vitamin D nutrition and
the adenoma weight, the index of increased parathyroid
cell number and proliferation21. The adenoma weight
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Table II.  Different stages (I-III) of evolution of untreated vitamin D deficiency osteomalacia16

(N = 7700)

Parameters � HVD I II III

A B A B C

Calcium N ↓ N N ↓↓ ↓↓↓ ↑↑↑

Phosphate N N ↓ ↓↓ ↓↓ ↓↓ ↓↓↓

Alk. Ptase. N ↑ ↑↑ ↑↑↑ ↑↑↑ ↑↑↑↑ ↑↑↑↑

Ca xP N LN ↓ ↓↓ ↓↓↓↓ ↓↓↓↓ ↓↓↓↓

25-OHD LN ↓ ↓↓ ↓↓↓ ↓↓↓↓ Undetectable ↓↓↓↓

1,25-OHD N N ↓ N ↑ ↓↓ ↓↓↓↓ Undetectable ↓↓↓↓

NcAMP N ↑ ↑↑ ↑↑ ↑↑↑ ↑↑↑ ↑↑↑↑

IPTH N ↑ ↑ ↑↑↑ ↑↑↑ ↑↑↑ ↑↑↑↑

Urine:

Calcium N LN ↓ ↓↓ ↓↓↓ ↓↓↓ ↓↓↓

Phosphate N N ↑ ↑↑ ↑↑ ↑↑↑ ↑↑↑

Aminoaciduria N OÆ ÆÆ ÆÆÆ ÆÆÆÆ ÆÆÆÆ ÆÆÆÆ

Clinical 20HPT (%) Risk factor Hypocalcaemic � Normocalcaemic Normocalcaemic Hypocalcaemic Hypocalcaemic ¡ Tertiary
Severe Severe Very severe Hyperparathyroidism

15% 25% 75% 80% 20% 0.8%

N=Normal, LN=Low normal, � IPTH-Immunoreactive PTH, Uncompensatory HPT – increased osteoid surface but only slight increase in the width of osteoid seams.¡
Extreme hypocalcemic vitamin D deficiency syndrome Transition change (A,B,C) : ↓↑ Mild  ↓↓ ↑↑ Moderate  ↓↓↓ ↑↑↑ Severe  ↓↓↓↓  ↑↑↑↑  Very severe�HVD =
Hypovitaminosis D (Preosteomalacia), may occur in women with mean para of >2.6, and may be detected by estimation of serum 25OHD in lactational phase of second
pregnancy. Aminoaciduria. 0 = none, Æ = increase in glycine only, ÆÆ = increase in glycine, serine, alanine and glutamine, ÆÆÆ = generalized, ++++ generalized severe.
Minimal urine pH after ammonium chloride 0.1g per kg body weight ranged from 4.8 − 5.2. No pregnancy – No osteomalacia
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is an important determinant of severity of 30HPT and
osteitis fibrosa cystica. Phenotypic nodular histologic
pattern of chief cell transformation (nodular hyperplasia
and adenoma) has been the characteristic feature in all
our patients with 30HPT22-24.

Primary hyperparathyroidism with vitamin D
deficiency

Based on our experience it is suggested that all the
patients of primary hypercalcaemic adenomatous
hyperparathyroidism with severe vitamin D deficiency,
osteitis fibrosa and larger parathyroid adenoma22-24

should be investigated for tertiary hyperparathyroidism,
evolving on the background of prolonged secondary
hyperparathyroidism in mothers with vitamin D
deficiency osteomalacia25-28 to avoid erroneously high
estimation of primary hyperparathyroidism in Indian
perspective. If you see primary hyperparathyroidism
in mothers with vitamin D deficiency osteomalacia,
think of tertiary24.

Vitamin D deficiency: secondary hyperparathyroi-
dism and osteoporosis

As originally described by Albright29,
“osteoporosis” referred to the occurrence of apparently
spontaneous symptomatic vertebral fractures in
postmenopausal women, but the term is now applied
more generally to increased fracture risk associated with
low bone mass at any site, the upper femur being the
most important. Low bone mass reflects some
combination of too little accumulation during growth
and too much loss after skeletal maturity; age related
bone loss is a universal feature of human biology that
results from incomplete replacement of resorbed bone
during the process of remodelling. The remodelling
imbalance is mainly due to increased depth of resorption
when bone loss is rapid and mainly due to decreased
formation thickness when bone loss is slow.

Vitamin D deficiency increases fracture risk
because secondary hyperparathyroidism30 increases
bone turnover and accelerates the age related loss of
cortical bone in the peripheral skeleton. Vitamin D
deficiency also causes muscle weakness and increased
propensity to fall and so is a risk factor for hip fracture
for several reasons. These populations include the
elderly, the institutionalized, housebound, and those
who are critically ill, and diseases causing diminished
ambulation. Such patients frequently have circulating
levels of 25(OH)D in the borderline range (10 to 20 ng/
ml). The reduced intestinal calcium absorption seen in
osteoporosis is related to a reduced 1,25(OH)

2
D receptor

density and also the reduced supply of the active
metabolite 1,25(OH)

2
D, related to age, dependent

decline in renal function26.

Vitamin D deficiency rickets

Vitamin D deficiency or privational deficiency of
calciferol is still numerically the most common cause
of rickets in India. Rickets is a disease of children in
which growing skeleton is involved; defective
mineralization of cartilage takes place in the epiphyseal
cartilage growth plate so that disorganization of cellular
development ensues, which leads to widening of the
ends of lone bones and, possibly, retardation of growth
and skeletal deformities. Infact vitamin D deficiency
rickets results only due to the lack of exposure to
sunlight (UVB 290-315 nm)4,31,32. As previously
mentioned, vitamin D deficiency stimulates both
hormone secretion and cell proliferation in the
parathyroid gland, both directly as the result of
reduction in plasma calcitriol levels and indirectly via
hypocalcaemia. These effects will be intensified if
calcium intake is also very low.

Geographic prevalence

Children residing in the northern parts of India are
heavily affected than those living south to Mumbai and
Kolkota in the southern States of India. Synthesis of
vitamin D

3
 in the skin is reduced by residence at

latitudes distant from the equator and atmospheric
pollution. In northern parts of India the striking angle
of UVR on the skin is narrow and of shorter duration,
while in southern States the striking angle is broad and
of longer duration. In children who remain housebound,
institutionalized or living in orphanage homes or dark
and crowded localities with no penetration of sunlight
are at the highest risk of developing rickets3. It is
inevitable that the children who do not maintain their
vitamin D production by adequate (minimum 30 min

Table III.  Histomorphometric evolution of untreated vitamin D
deficiency osteomalacia19

Variables Stage I Stage II Stage III
(N=96) (N=105) (N=105)

Osteoid surface (OS/BS) % ↑ ↑↑ ↑↑↑
Osteoid seam thickness (µm) N ↑ ↑↑
Osteoid volume (OV/BV) % ↑ ↑↑ ↑↑↑
Mineral apposition rate (MAR) ↓
µm/day ↓↓ ↓↓↓
Mineralization lag time (Mlt), days ↑ ↑↑ ↑↑↑
Labeled surface (MS/OS) % ↓ ↓↓ ↓↓↓ or

zero
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to 1 h/day) exposure to sunlight of their unprotected
skin are at risk of developing rickets. The hallmark of
vitamin D deficiency rickets is a low (<10 ng/ml) or
undetectable serum levels of 25(OH)D31. The secondary
hyperparathyroidism and low (Ca)X(PO

4
) ion product

is responsible for the increase in unmineralized osteoid
or cartilaginous matrix, which is the hallmark of
rickets32.

Biochemical and endocrine evolution of rickets32

Vitamin D deficiency rickets is characterized by
low serum concentrations of 25(OH)D, 1,25(OH)

2
D

3
,

phosphate and elevated serum levels of alkaline
phosphatase and parathyroid hormone. Its
characteristic evolution occurs in three stages as given
below:

Stage 1: In this stage impaired intestinal calcium
absorption and calcium resorption from bone lead to
hypocalcaemia with secondary hyperparathyroidism.
Serum 25(OH)D is low and serum phosphate is normal.

Stage 2: The secondary hyperparathyroidism (20HPT)
and associated increase in serum 1,25(OH)

2
D normalize

calcium concentration by mobilizing it from bone and
increased intestinal absorption of calcium.
Hyperaminoaciduria and hyperphosphaturia occur as a
result of 20HPT. Serum 25(OH)D level further
decreases, with the rise in serum alkaline phosphatase
concentration.

Stage 3:  It encompasses symptomatic rickets. In this
stage hypocalcaemia develops again, mainly because
of the absolute or relative deficiency of 1,25(OH)

2
D

caused by further depletion of its substrate, 25(OH)D.
The combination of hypocalcaemia and the worsening
hypophosphataemia causes a marked reduction of the
product (Ca)X(PO

4
) with severe clinical, radiological,

biochemical, and histological rickets. Severe
hyperaminoaciduria and hyperphosphaturia occur in this
stage as a result of severe 20HPT. In very severe cases
with rickets, serum levels of 25(OH)D and 1,25(OH)

2
D

may be very low or even undetectable, the state we
prefer to label as an “extreme vitamin D deficiency
syndrome”. In 13 per cent of the children with vitamin
D deficiency rickets, authors had noted decreased ability
of the kidneys to make an acid urine32.

Manifestation

The features specific for rickets include widened
and thickened ends of long bones, muscular hypotonia
and bony leg deformities (bowlegs, genu valgum, genu

varum, rotational), waddling gait, rachitic rosary, pigeon
breast, Harrison’s grooves, frontal bossing, tetany and
rachitic dwarfism. Adolescents are at risk for vitamin
D deficiency rickets if they have reduced exposure to
sunlight because of institutionalization, clothing that
covers the body and living in homes in northern
climates. These patients usually present with genu
valgum deformity. Vitamin D-deficient tetany may exist
in either a latent or a clinically manifest stage31,32.

Radiological features with specificity include
widened and irregular epiphyseal line, metaphyseal
splaying widening and cupping, pseudofractures, Harris
lines of arrested growth and findings of secondary
hyperparathyroidism. Sub-metaphyseal band of
osteoporosis is the finding specific for pubertal and
adolescent rickets27.

Congenital vitamin D deficiency rickets

Congenital rickets due to maternal vitamin D
deficiency is a well recognized entity33,34. We have
studied three sets of mother-baby pairs, a rare situation
where the mothers with severe vitamin D deficiency
osteomalacia gave birth to newborns with congenital
rickets. Extremely low serum 25(OH)D (undetectable
to 2.5 ng/ml) suggested that the transplacental transport
of 25(OH)D and calcium to the foetuses, became
negligible, only when the maternal stores of vitamin D
and calcium had been completely exhausted
(intrauterine foetal priority). Each mother received 2 g
of elemental calcium per day and two doses vitamin D

3
(7.5 mg) given intravenously. The mother-baby pairs
were protected from direct sunlight. The first dose of
vitamin D

3
 healed the osteomalacia but did not appear

to heal the rickets of their totally breast-fed infants. A
second dose given at three months interval to the
mothers, healed the rickets in their infants and
biochemistry of the mother and the baby returned
towards normal. Mothers, thus had priority for vitamin
D and secreted it in the breast milk only after they had
first replenished their own stores (extrauterine maternal
priority for vitamin D). A unique situation has been
described33 where both the mothers and their newborns
had osteomalacia and rickets respectively with
secondary hyperparathyroidism and low serum
25(OH)D and calcium. Mothers alone being treated
healed their osteomalacia as well as the rickets in their
babies kept totally breast-fed. Healing of rickets on
breast milk alone indicated secretion of vitamin D and
its biologically active metabolites and calcium in the
maternal breast milk.

224 INDIAN J MED RES, MARCH 2008



Protein energy malnutrition: Rickets and
osteoporosis

Undernutrition in childhood leads to a skeletal
deficit that cannot be repaired during adolescent life
and presumably, therefore, may lead to an increase in
the risk of osteoporotic fracture in later life. During
growth, an adequate supply of calories, protein, mineral
and vitamin D is a prerequisite for the attainment of
peak bone mass.

We had studied 1300 children of protein energy
malnutrition. None of the children showed any clinical,
radiological or biochemical evidence of rickets.
However, osteopaenia or osteoporosis were the uniform
observation in their skeletal radiographs. The histology
of undecalcified sections of iliac crest biopsies studied
in 65 children did not reveal any evidence for
mineralization defects35. However, following the
correction of malnutrition, 13 per cent of the growing
children developed clinical and radiological features
of rickets at the growth plates, confirming our paradigm
“No growth - No rickets”.

Calcium deficiency per se does not cause rickets:
Scientific revelation

In our extended epidemiological studies we covered
cross-sectional population of 47,500 rural children with
dietary intake of calcium <300 mg/day, 23,200 living
in the villages endemic for fluorosis (mean water
fluoride 11.70 + 3.63 ppm) and 24,300 in the villages
non endemic for fluorosis (mean water fluoride 0.55 +
0.07 ppm). All the children had similar outdoor
exposure to sunlight (mean 6.5 + 2.2 h/day) and
comparable outdoor physical activity. All had identical
dietary intakes of calcium, protein and calories. Clinical
and radiological examination showed that 90.5 per cent
of the children in endemic group had varying features
of rickets, secondary hyperparathyroidism and bony leg
deformity such as genu valgum, genu varum, bowing,
rotational and wind-swept deformities. We had not
observed any evidence for rickets or bony deformities
in the non endemic group. Our observations36-38 provided
scientific proof of evidence that calcium deficiency
alone does not produce rickets and inspired us to
investigate the reports published on calcium deficiency
rickets for possible interactions with fluoride.

The rural black children reported from South
Africa39,40 had been reported drinking water with
fluoride ranging from 5.5 to 14.5 ppm, the children
reported from Nigeria41-42 had been using ground water

source containing 2.4 to 4.5 ppm, the children reported
from south India43 drinking water ranging from 1.4 to
4.5 ppm and children reported from Bangladesh44 had
been drinking water from the superficial open wells and
the hand pumps with a fluoride content ranging from
2.9 to 5.6 ppm. We could not analyze the water
consumed by the children reported from Lucknow45,
north India, as no information was available about their
residential locations. However, the villages practically
in all the districts around Lucknow are endemic for
fluorosis and the most affected are the districts of
Raebareli and Unnao (water fluoride 1.8 to 25 ppm).

It was concluded that calcium deficiency per se46

does not cause rickets and the children reported with
calcium deficiency rickets are in fact the “syndromes
of calcium deficiency and fluoride interactions”. This
scientific revelation is bound to change medical practice
for ever. It is suggested that each case of calcium
deficiency presenting as rickets should be investigated
for underexposure to sunlight (vitamin D deficiency)
and overexposure to endemic fluoride (also fluoridated
water) or some combinations36-38.

Calcium nutrition and female osteoporosis

We had measured the bone mineral density (BMD
g/cm2) at the site ultra distal radius in two groups of
women (age 20-90 yr) 42, Group A, who consumed the
milk life-time and Group B, who consumed less or no
milk, both groups had similar physical activity. In Group
A median Ca intake was 800 mg per/day (520 - 980
mg) and in Group B median Ca intake was 480 mg/day
(380 - 675 mg). In each age group BMD was measured
in 78-92 females. The peak bone mass (PBM) and its
subsequent maintenance in the later life was
significantly greater in females of group A (P<0.05).
The beneficial effects of Ca intake were evident, as the
females with adequate intakes entered the osteoporosis
and the fracture zones at about 10 yr later than those
with inadequate intakes47.

Low calcium intakes early in life not only
predispose to osteoporosis later in life, but make bones
more fragile in childhood and adolescence as well.
Similarly in early marriage even the genetic potential
to achieve peak bone mass is lost. Calcium intakes are
positively correlated with bone mass at all ages (Fig.1)
but most especially at old age, when the requirement
rises and the calcium intake tends to drop47. Calcium is
required for the bone formation phase of bone
remodelling. Calcium also affects bone mass through
its effects on the remodelling rates. With ageing, there
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is a decline in calcium absorption efficiency in men
and women. This is related to loss of intestinal vitamin
D receptors or resistance of these receptors to the action
of 1,25(OH)

2
D and reduced renal production of

1,25(OH)
2
D.

Osteoporosis: Bone mineral content in vegetarians
vs non vegetarians

We measured the bone mineral content (BMC) (g/
cm)47 in two groups (65 women in each) of women (at
age 60 yr), life-term vegetarians and life-term non
vegetarians in order to assess the impact of the
consumption of animal protein on BMC. The BMC was
significantly greater (P<0.001) in vegetarians (BMC
1.095 ± 0.255 g/cm) than age matched non vegetarians
(BMC 0.734 ± 0.203 g/cm). Downward displacement
of values is seen in non-vegetarians in (Fig.2). Thus
excessive dietary intakes of animal protein has been
implicated in the pathogenesis of more severe
osteoporosis in the non vegetarians. It is the effects of
acid load of such diets47.

Treatment of vitamin D deficiency rickets and
osteomalacia

Objectives of treatment include (i) disappearance
of clinical symptoms and signs, (ii ) radiological and
histological healing of ricketic bone disease that has

developed as a consequence of the deficiency of
25(OH)D, (iii ) normalization of biochemical
abnormalities, and (iv) achievement of adequate vitamin
D nutrition status and suppression of secondary
hyperparathyroidism.

The therapeutic regime, which we have evaluated
and found most effective, is the treatment with
vitamin D and calcium combined and administered
orally16,21,30-32. We prefer to start treatment with
vitamin D

3
 (Cholecalciferol) as it is the first

component missing in the synthetic pathways of
vitamin D metabolites and provides the necessary
substrate that submits to physiologic regulation of
vitamin D metabolites production. Also vitamin D
itself is the ideal form of treatment because of its
long plasma half-life and low cost. Looser’s zone is
the first radiological finding and is the most rapid to
heal (2-3 wk). Low serum calcium is the earliest
abnormality to appear and to return to normal.

Fig. 1. Bone mineral density (BMD) g/cm2 in females with life-
time milk consumption  (Group A-adequate calcium intake, Median
800 mg/day) as compared with females who consumed less or no
milk (Group B-inadequate calcium intake, Median 480 mg/day).
Females in group A entered the osteoporosis zone at the age 75 yr
and fracture zone at 85 yr whereas in group B corresponding age
were 65 and 70 yr47.

Fig. 2. Radial BMC values (g/cm) is compared in the life-time
vegetarian and non vegetarian females at age 60 yr. Note the
downward displacement of the values in non vegetarian females
indicating low BMC values. The mean BMC in the non vegetarian
females was 40 per cent less than the age matched vegetarians.
(P<0.001), BMC was significantly greater in vegetarians than in
non-vegiterians.
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Normalization of serum 25(OH)D and calcium and
increase in urinary calcium excretion with
disappearance of aminoaciduria are the important
biochemical indices of healing osteomalacia. Raised
serum parathyroid hormone, alkaline phosphatase
and histological evidence of osteomalacia are the
early abnormalities and resolve slowly.

Hyperplastic parathyroid glands undergo very slow
involution and may not involute completely in one’s
lifetime and remain a constant risk to evolve into an
autonomous adenoma (30HPT). Prevention of
osteomalacia and rickets is only through ultraviolet (290
to 315nm) sunbath everyday for minimum 30 min of
unprotected skin or 400 to 800IU of vitamin D

3
 orally

per day.

Despite having a large series of patients with
nutritional bone disease, we are still missing the
valuable knowledge to our experience with vitamin D
intoxication.

Vitamin D deficiency rickets in children and
osteomalacia in the mothers are the commonest
disorders prevalent in the rural population of India. Low
calcium intakes early in life not only predispose to
osteoporosis later in life, but make bones more fragile
in childhood and adolescence as well. These disorders
and the syndromes of calcium deficiency and fluoride
interactions are largely responsible for the morbidity and 
mortality in the young and promising individuals, 
with economic consequences.

Acknowledgment

The authors gratefully acknowledge the long-term financial
supports of the Indian Council of Medical Research, Department
of Science and Technology, Council of Scientific and Industrial
Research, Department of Environment, Ministry of Environment
and Forests, New Delhi, Government of India and the International
Development Research Centre, Canada, for our projects.

References

1. Teotia SPS, Teotia M, Kishna S. Nutrition and bone health.
In: Teotia SPS, Teotia M, editors. Nutritional and metabolic
bone and stone disease: Asian perspective, 1st ed. New Delhi:
CBS Publishers; 2008. p. 71-8.

2. Teotia SPS, Teotia M. Singh KP. Epidemiology of metabolic
bone disease and clinically related disorders-India, 1963-2001.
In: Thakur BB, Postgraduate medicine. Mumbai: The
Association of Physicians of India; 2002. p. 501-14.

3. Teotia SPS, Teotia M. Epidemiology of Disorders of Bone
and Bone Mineral Metabolism (India). In: Teotia SPS, Teotia
M, editors. Nutritional and metabolic bone and stone disease:
Asian perspective, First Edition, New Delhi: CBS Publishers,
2008. p. 214-20.

4. Teotia SPS, Teotia M. Endemic bone disease and deformities
consequent to disorders in nutrition, bone and mineral
metabolism and related hormones. Published report. New Delhi:
Indian Council of Medical Research,  1996. p. 1-111.

5. Teotia SPS, Teotia M. Nutritional bone disease. In: Teotia
SPS, Teotia M, editors. Nutritional and metabolic bone and
stone disease: Asian perspective, First Edition, New Delhi:
CBS Publishers, 2008. p. 221-321.

6. Parfitt AM. Osteomalacia and related disorders. In: Avioli
LV, Crane SM, editors. Metabolic bone disease and clinically
related disorders, 3rd ed. Philadelphia: WB. Saunders; 1998.
p. 327-86.

7. Dunnigan MG, Childs WC, Smith CM, McIntosh WB, Ford
JA. The relative roles of ultraviolet deprivation and diet in the
aetiology of Asian rickets. Scottish Med J 1975; 20 : 217-8.

8. Teotia SPS, Teotia M. Endemic bone disease and deformities
consequent to disorders in nutrition, bone and mineral
metabolism and related hormones. Published report. New
Delhi: Indian Council of Medical Research; 1992. p. 1-98.

9. Teotia SPS, Teotia M. Nutritional osteomalacia in immigrants.
Br Med J 1972; 3 : 111.

10. Poskitt EME, Cole TJ, Lawson DEM. Diet, sunlight and 25-
hydroxyvitamin D in healthy children and adults. Br Med J
1979; 1 : 221-3.

11. Chu HI, Yu TF, Chang KP, Liu WT. Calcium and phosphorus
metabolism in osteomalacia VII. The effect of ultra-violet
irradiation from mercury vapor quartz lamp and sunlight. Chin
Med J 1939; 55 : 93-124.

12. Dent CE, Round JM, Rowe DJF, Stamp TCB: Effect of
chapattis and ultra-violet irradiation on nutritional rickets in
an Indian immigrant. Lancet 1973; 5 : 1282-4.

13. Teotia M, Teotia SPS. The cure of vitamin D-deficiency rickets
in children and  of osteomalacia in mothers with skin
pigmentation by ultraviolet radiation from mercury vapor
Quartz lamp and sunlight. In: Teotia M, Teotia SPS, editors.
Metabolic bone and stone disease current research, 1991.
p. 25-30.

14. Teotia SPS, Teotia M, Jyoti Krishna. Vitamin D. In: Teotia
SPS, Teotia M, editors. Nutritional and Metabolic Bone and
Stone Disease: Asian Perspective, First Edition, New Delhi:
CBS Publishers, 2008. p. 80-91.

15. Hollick MF, Garabedian M. Vitamin D. Photobiology,
metabolic mechanism of action, and clinical applications. In:
Favus MS ed. Primer on the Metabolic bone diseases and
disorders of mineral metabolicsm, sixth ed., Washington, D.C,
American Scoiety for Bone and Mineral Reseach, 2006.
p. 106-114

16. Teotia M, Teotia SPS. Highlights of vitamin D deficiency
osteomalacia (India). In: Teotia SPS, Teotia M, editors.
Nutritional and metabolic bone and stone disease: Asian
perspective, 1st ed. New Delhi: CBS Publishers, 2007.
p. 234-53.

17. Teotia SPS, Teotia M. Vitamin D deficient osteomalacia. In:
Sainani GS, editor. API Textbook of medicine, 6th ed. Mumbai:
The Association of Physicians of India; 1999.  p. 1086-97.

18. Vaishnava H, Rizvi SNA. Vitamin D deficiency osteomalacia
in Northern India. J Assoc Physicians India 1975; 23 :
477-84.

TEOTIA & TEOTIA: NUTRITIONAL BONE DISEASE 227



19. Teotia SPS, Teotia M. Bone biopsy and histomorphometric
analysis of bone. In: Teotia SPS, Teotia M, editors. Nutritional
and metabolic bone and stone disease: Asian perspective,
1st ed. New Delhi: CBS Publishers; 2007. p. 196-209.

20. Faccini JM, Teotia SPS. Histopathological assessment of
endemic skeletal fluorosis and osteomalacia. Calcif Tissue Res
1974; 16 : 45-57.

21. Teotia SPS, Teotia M. Tertiary hyperparathyroidism: A
distinct syndrome in mothers with vitamin D deficiency
ostcomalacia. In: Teotia SPS, Teotia M, editors. Nutritional
and metabolic bone and stone disease: Asian Perspective, First
Edition, New Delhi: CBS Publishers, 2008. p. 296-311.

22. Teotia SPS, Teotia M. Nutritional osteomalacia with raised
therapeutic requirements of vitamin D. Lancet 1972; 1 :
543-4.

23. Teotia SPS, Teotia M, Singh KP. Tertiary
hyperparathyroidism: A distinct hypercalcemic vitamin D-
deficiency syndrome in mothers with osteomalacia. In: Das
AK, editor. Postgraduate medicine. Mumbai: Association of
Physicians of India; 2001. p. 263-75.

24. Teotia SPS, Teotia M. If you see primary hyperparathyroidism
in mothers with vitamin D-deficiency osteomalacia: Think of
Tertiary. J Assoc Physicians India  2005; 53 : 11-3.

25. Lumb GA, Stanbury SW. Parathyroid function in human
vitamin D deficiency and vitamin D deficiency in primary
hyperparathyroidism. Am J Med 1974; 56 : 833-9.

26. Rao DS, Agarwal G, Talpos GB, Phillips ER, Bandeira F,
Mishra SK, et al. Role of vitamin D and calcium nutrition in
disease expression and parathyroid tumor growth in primary
hyperparathyroidism: A  global perspective. J Bone Miner
Res 2002; 17 : N75-N80.

27. Harinarayan CV, Gupta N, Kochupillai N. Vitamin D status
in primary hyperparathyroidism in India. Clin Endocrinol
1995; 43 : 351-8.

28. Mithal A, Aggarwal G, Singh AK, Misra SK, Rao DS. Severe
bone disease in primary hyperparathyroidism in Indians: A
reflection of calcium and vitamin D nutritional status? J Bone
Miner Res 1997; 12 : S522.

29. Albright F. Osteoporosis. Ann Intern Med 1947; 27 : 861-82.

30. Teotia SPS, Teotia M. Nutritional secondary
hyperparathyroidism. In: Teotia SPS, Teotia M, editors.
Nutritional and metabolic bone and stone disease: Asian
perspective, 1st ed. New Delhi: CBS Publishers; 2008.
p. 312-20.

31. Teotia SPS, Teotia M. Nutritional and metabolic rickets.
Indian J Pediatr 1997; 64 : 153-7.

32. Teotia SPS, Teotia M. Vitamin D deficiency rickets. In: Teotia
SPS, Teotia M, editors. Nutritional and metabolic bone and
stone disease: Asian perspective, 1st ed. New Delhi: CBS
Publishers; 2008. p. 254-67.

33. Teotia SPS, Teotia M. Metabolic studies in congenital vitamin-
D-deficiency rickets. Indian J Pediatr 1995; 62 :
55-61.

34. Teotia M, Teotia SPS, Singh RK. Maternal hypovitaminosis
and congenital rickets. Bull Intern Pediatr Assoc 1979; 3 :
39-46.

35. Teotia SPS, Teotia M. Lack of biochemical and
histomorphometric evidence for vitamin D-deficiency rickets
in children with protein energy malnutrition. In: Teotia SPS,
Teotia M, ediotrs. Urolithiasis Society of India, Chandigrah.
Metabolic Bone and stone disease current-research, 1991.
p. 14-7.

36. Teotia SPS, Teotia M. Fluorosis- India, Published Report,
International Development Research Centre (IDRC) Canada
1983. p. 1-53.

37. Teotia SPS, Teotia M, Singh DP, Chopra V. Environmental
fluoride and metabolic bone disease-An epidemiological study
(Fluoride and nutrition interaction). Fluoride 1984; 17 : 14-22.

38. Teotia SPS, Teotia M. Fluoride and calcium interactions:
syndromes of bone disease and deformities (human studies).
In: Frame B, Potts JT Jr, editors. Clinical disorders of bone
and mineral metabolism. Excerpta Medica, Amsterdam;
1983: p. 520-3.

39. Pettifor JM, Ross FP, Travers R, Glorieux FH, Deluca HF.
Dietary calcium deficiency: A syndrome associated with bone
deformities and elevated serum 1,25-dihydroxy vitamin D
concentrations. Metab Bone Dis Rel Res 1981; 2 : 301-5.

40. Pettifor JM, Ross FP, Wang J, Moodley GP, Coupersmith J.
Rickets in children of rural origin in South Africa: Is low
dietary calcium a factor? J Pediatr 1978; 92 : 320-4.

41. Oginni LM, Worsfold M, Oyelami OA, Sharp CA, Powell
DE, Davie MWJ. Etiology of rickets in Nigerian children.
J Pediatr 1996; 128 : 692-4.

42. Thacher TD, Ignogboja SI, Fishcer PR. Rickets without
vitamin D deficiency in Nigerian children. Ambulatory Child
Health 1997; 3 : 56-64.

43. Sulochana G, Balakrishan S. Calcium deficient puberty.
Rickets with acidosis responding to large dose of oral calcium.
J Indian Med Asoc 1982; 79 : 139-41.

44. Fischer PR, Rahman A, Cimma JP, Kyaw-Myint TO, Kabir
ARML, Talukder K, et al. Nutritional rickets without vitamin
D deficiency in Bangladesh. J Trop Pediatr 1999; 45 :
291-3.

45. Balasubramanian K, Rajeswari J, Gulab, Govil YC, Agarwal
AK, Kumar A, et al. Varying role of vitamin D deficiency in
the etiology of rickets in young children vs. adolescents in
northern India. J Trop Pediatr 2003; 49 : 201-6.

46. Teotia M, Teotia SPS, Singh KP. Endemic chronic fluoride
toxicity and dietary calcium deficiency interaction syndromes
of bone disease and deformities in India-2000. Indian J Pediatr
1998; 65 : 371-81.

47. Teotia SPS, Teotia M. osteoporosis-A preventive
breakthrough-National context. In: Pathak LA, editor.
Postgraduate medicine. Mumbai: The Association of
Physicians of India; 2004; 18 p. 302-12.

Reprint requests: Dr S.P.S. Teotia, “Sri Sathya Sai Charan”, No.14-15, Hanuman Road, Sai Colony, Belthur
Kadugudi, Bangalore 560 067, India
e-mail: teotia9@yahoo.com

228 INDIAN J MED RES, MARCH 2008


