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Abstract
Aim: Calcium metabolism disorders trigger to enhanced level (hypercalcemia) or lower level
(hypocalcemia) of calcium. These alterations in calcium level leads to accumulation of poorly
mineralized bone and dental abnormalities. The aim of this study was to assess the prevalence of dental
abnormalities including taurodontism, enamel hypoplasia, dental abscess, dental caries, delayed
teething, gingivitis in children with calcium metabolism disorders.
Design: Patients, who were suffering from calcium metabolism disorders, including renal
osteodystrophy, hypoparathyroidism, and different types of rickets, participated in this study. All of
them transferred into dental clinic of Children’s Medical Center to pass dental exams and preparing
OPG images if it was necessary. Also, prior patient’s files were used; their demographic information and
dental problems were recorded on designed checklists.
Results: We found that dental caries and delayed teething are the dominant abnormalities that are
prevalent among patients with nutritional rickets and renal osteodystrophy.
Conclusions: According to the results these disorders are associated with vitamin D deficiency; it seems
that treatment with supplements of vitamin D might be efficient method to prevent dental abnormalities.
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Introduction
In a healthy physiological condition, the actions of parathyroid
hormone, vitamin D and the calcium sensing receptor maintain
extracellular calcium levels within a tight range [1]. Disorders
in calcium metabolism can lead to hypercalcemia, elevated
plasma calcium levels or hypocalcemia, decreased plasma
levels of calcium. Hypercalcemia has non-specific symptoms
that if not recognized early could trigger patient deterioration
and organ failure [2]. Serum calcium levels more than 12
mg/dl can lead to multiple organ dysfunctions and if its level
exceeds 20 mg/dl, can even be fatal [2]. One of the responsible
factors for hypercalcemia is decreased renal excretion of
calcium which occurs through decreased glomerular filtration
and increased renal tubular absorption of calcium [2,3].
On the other hand, other factors such as deficiency in active
vitamin D or magnesium, or decreased secretion or action of
Parathyroid Hormone (PTH) may result in hypocalcemia [4].
Total serum calcium concentration less than 7.5 mg/dL in
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neonates and below 8.7 mg/dL in children are defined as
hypocalcemia [5]. Patients with renal insufficiency and those
with extensive osteoblastic bone metastases have shown
enhanced risk for hypocalcemia [6,7].
Hypoparathyroidism (HPT) is a disease caused by insufficient
secretion of Parathyroid Hormone (PTH) and with unknown
etiology. The reduced secretion of this hormone trigger to the
deficiency in the synthesis of 1, 25-dihydroxyvitamin D and
inhibition of calcium reabsorption in distal tubules and bone
matrix which leads to hypocalcemia and hyperphosphatemia.
Patients suffered with hypoparathyroidism commonly show
cataracts, hair loss and dental abnormalities [8,9].
Hypophosphatemia, another disease associated with calcium
metabolism, is caused by decreased intestinal absorption (such
as phosphate binding antacids, malabsorption, and vitamin D
deficiency) and excessive urinary excretion (including
hyperparathyroidism, vitamin D deficiency, oncogenic
osteomalacia, and familial hypophosphatemic rickets) [10-15].
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Familial hypophosphatemic rickets is the common form of
rickets that is inheritable and is characterized by features such
as inappropriately low levels of serum concentration of 1, 25dihydroxyvitamin D, renal phosphate wasting, short stature and
radiographic evidence of rickets.
Although the autosomal dominant hypophosphatemic rickets
has been characterized, it is usually transmitted as an X-linked
dominant disorder [14]. Autosomal form of familial
hypophosphatemic rickets is associated with hypercalciuria, a
rare genetic disorder that is caused by a mutation in a gene that
encodes sodium-phosphate transporter [16]. Recently, it has
been suggested, in mutant forms, osteoblasts and odontoblasts
secrete a protein that enters the circulation and acts on the
kidney [17]. This abnormality leads to incoherent regulation
between the production and the rate of mineralization of bone
matrix, and subsequently the accumulation of poorly
mineralized bone [18].

Inclusion and exclusion criteria
Patients that had a laboratory record of at least one total serum
calcium level evaluated at any time during their illness met the
inclusion criteria of our study group.

Performance
Patients, who were suffering from calcium metabolism
disorders, including renal osteodystrophy, hypoparathyroidism
and different types of rickets, participated in this study. All of
them transferred into dental clinic of Children’s Medical
Center to pass dental exams and preparing OPG images if it
was necessary. Also, prior patient’s files were used; their
demographic information and dental problems were recorded
on designed checklists.

Ethical consideration

Progressive renal damages lead to impairment of the excretion
of body metabolic waste products and also, affect the
endocrine functions of the kidney (secretion of vitamin D and
erythropoietin) [19,20]. Renal phosphate wasting can be
divided into three types based on the serum calcium level:
primary hyperparathyroidism (high serum calcium level),
secondary hyperparathyroidism (low serum calcium level), and
primary renal phosphate wasting (normal serum calcium level)
[21]. Patients with renal failure represent various forms of oral
and dental manifestation which of them gingival hyperplasia is
one of the most widely documented [22].

The study was carried out in accordance with the Declaration
of Helsinki, the ethics committee of the Tehran University of
Medical Sciences approved the protocols of the study.

The oral and dental manifestations of the calcium metabolism
disorders such as hypophosphatemic vitamin D resistant rickets
have been well described in the literature [23-25]. Enamel and
dentin defects, usually enamel hypoplasia, interglobular
dentinal masses with variable degrees of calcification, large
pulp chambers, enlarged pulp horns associated with thin
enamel, dentin defects, defects at the dentin enamel junction,
and fissures that may extend from the enamel to the pulp are
oral consequences calcium metabolism deficiency [23-26].
Due to the close relation between calcium metabolism
disorders and oral manifestations, in this study we aimed to
investigate dental abnormalities in children with calcium
metabolism
disorders
including
hypoparathyroidism,
nutritional rickets, hypophosphatemic rickets, renal
osteodystrophy and osteogenesis imperfecta. The result of this
study could be useful to prevent dental abnormalities or to find
therapeutic solution for them.

As demography of patients has been presented in Table 1, the
number of males is close to that of females. Also, the average
of affected teeth has increased with age. Most of the patients
were suffering from nutritional rickets and least of them from
osteogenesis imperfecta. In addition, general oral health care
was determined well.

Materials and Methods
Patients
This cross-sectional study was performed on 100 patients who
were suffering from calcium metabolism disorders and
admitted at nephrology section, between 2005 and 2009, in
Children’s Medical Center, Tehran, Iran.
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Data analysis
Qualitative data were analyzed and reported as frequency (%).
All data were analyzed with IBM SPSS Statistics for Windows,
version 21.0 (SPSS Inc., Chicago, Illinois, USA).

Results

Table 1. Demographic feature of patients with calcium metabolism
disorders.
Variable

Value

Gender
Male

42

Female

58

Average of affected teeth based on age
<5

2.18

42865

2.88

>10

4.53

Disease*
HPT

12

NR

42

HR

19

RO

20
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OI

7

Oral health status
Well

77

Bad

23

HPT: Hypo Parathyroidism; NR: Nutritional Rickets; HR: Hypophosphatemia
Rickets; RO: Renal Oesteodisthrophia; OI: Oesteogenes Imperfecta.

The number and percentage of dental abnormalities have been
presented in Table 2. Gingivitis was at least frequency and its
highest number was observed among patients with renal

osteodystrophy with 20%. Taurodontism and dental abscess
were not prevalent among patients and the highest abundance
was observed among hypoparathyroidism group with 33.3%
and 41.7% respectively. Enamel hypoplasia and delayed
teething were more prevalent among patients with osteogenesis
imperfecta and nutritional rickets, respectively. Dental caries
was observed in 65% of patients which its occurrence was
observed in 90% of patients with renal osteodystrophy.
Dental caries and delayed teething are more prevalent
abnormalities in this study, and occurrence of them was more
common among patients with nutritional rickets (Figure 1).

Table 2. Representation of dental abnormalities in relation with different types of calcium metabolism disorder.
Hypoparathyroidism

Nutritional rickets

Hypophosphatemic
rickets

Renal
osteodystrophy

Osteogenesis
imperfecta

Total

Negative

8 (66.7)

39 (92.9)

16 (84.2)

15 (75)

6 (85.7)

84 (84)

Positive

4 (33.3)

3 (7.1)

3 (15.8)

5 (25)

1 (14.3)

16 (16)

Total

12 (100)

42 (100)

19 (100)

20 (100)

7 (100)

100 (100)

Negative

6 (50)

38 (90.5)

11 (57.9)

11 (55)

3 (42.9)

69 (69)

Positive

6 (50)

4 (9.5)

8 (42.1)

9 (45)

4 (57.1)

31 (31)

Total

12 (100)

42 (100)

19 (100)

20 (100)

7 (100)

100 (100)

Negative

7 (58.3)

41 (97.6)

17 (89.5)

10 (50)

7 (100)

82 (82)

Positive

5 (41.7)

1 (2.4)

2 (10.5)

10 (50)

0 (0)

18 (18)

Total

12 (100)

42 (100)

19 (100)

20 (100)

7 (100)

100 (100)

Negative

6 (50)

15 (35.7)

10 (52.6)

2 (10)

2 (28.6)

35 (35)

Positive

6 (50)

27 (64.3)

9 (47.4)

18 (90)

5 (71.4)

65 (65)

Total

12 (100)

42 (100)

19 (100)

20 (100)

7 (100)

100 (100)

Negative

8 (66.7)

16 (38.1)

10 (52.6)

15 (75)

5 (71.4)

54 (54)

Positive

4 (33.3)

26 (61.9)

9 (47.4)

5 (25)

2 (28.6)

46 (46)

Total

12 (100)

42 (100)

19 (100)

20 (100)

7 (100)

100 (100)

Negative

11 (91.7)

41 (97.6)

17 (89.5)

16 (80)

7 (100)

92 (92)

Positive

1 (8.3)

1 (2.4)

2 (10.5)

4 (20)

0 (0)

8 (8)

Total

12 (100)

42 (100)

19 (100)

20 (100)

7 (100)

100 (100)

Taurodontism

Enamel hypoplasia

Dental abscess

Dental caries

Delayed teething

Gingivitis

Note: Data are presented as frequency (%).
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Figure 1. Frequency of dental abnormalities in different calcium
metabolism disorders. HPT: Hypo Parathyroidism; NR: Nutritional
Rickets;
HR:
Hypophosphatemia
Rickets;
RO:
Renal
Oesteodisthrophia; OI: Oesteogenes Imperfecta.

Discussion
Hypercalcemia, as a calcium metabolism disorder, is the most
common life-threatening metabolic complication and its
prevalence is about 5%-20% in the adult population. In
paediatric cancers it is equally as life-threatening but not as
common, but must be corrected especially prior to induction
chemotherapy [2]. Also, acute leukaemia, which is the most
common paediatric cancer, almost associated with
hypercalcemia [27]. Also defects in the secretion or action of
parathyroid hormone result in hypocalcemia and a relative
inability to excrete phosphorus [28].
Nutritional rickets is mainly due to deficiencies of sunlight,
malabsorption of vitamin D, failure to activate vitamin D or
unresponsiveness tissue to vitamin D that can predispose the
child to hypocalcemia. Since vitamin D is the initial regulator
of phosphorus homeostasis, insufficient vitamin D synthesis or
action, that cause to hypocalcemia, is usually accompanied by
a decreased serum phosphorus concentration [28,29].
According to the results of present study showed that 42% of
patients were suffering from nutritional rickets which was the
majority among patients. Of these patients 64.3% and 61.9%
were positive to dental caries and delayed teething which
indicated to the relation between nutritional rickets and dental
anomalies and the need for more attention children
nourishment. Hard dental tissue alterations, mainly enamel
hypoplasia and dentin defects, has been ascribed to Vitamin D
dependent rickets [30]. Vitamin D supplementation (daily 400
IU to 800 IU) has been recommended in patients with vitamin
D deficiency. In addition, defects in the calcium-sensing
receptors in the parathyroid glands and the kidney may also
result in abnormalities in the serum concentration of calcium
and patients with oncogenic osteomalacia should be cured by
excision of the tumor causing the renal phosphate wasting
[5,31].
Normally, conversion of vitamin D to the active form of 25hydroxycholecalciferol or calcitriol occurs in the kidneys
which are compromised in the condition of renal dysfunction,
and supplementation with calcitriol has been recommended for
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the prevention or treatment of hypocalcemia [32]. Renal
osteodystrophy included 20 patients in our study which dental
caries, again, is the major dental problem among them. Also,
enamel hypoplasia and dental abscess were observed in 45%
and 50% of patients, respectively, which was consistent with
Jover et al. study [33]. Enamel hypoplasia caused by
alterations in calcium and phosphorus metabolism, that can
affect both the primary and permanent dentition [20,34]. The
severity of such hypoplasia is related to patient age at the time
of presentation of these metabolic disorders, the duration of
renal failure [35]. In order to prevent the occurrence of
multiple dental abscesses, local prophylactic measures have
been proposed [36]. Patients with significant renal
insufficiency should benefit from oral 1, 25-dihydroxyvitamin
D supplements [37]. Also, prophylactic antibiotics have been
recommended prior every invasive dental protocol [33]. In
addition, it has been suggested that patients with renal failure
require special considerations in relation to dental treatment,
not only because of the conditions inherent to the disease and
its multiple oral manifestations, but also because of the side
effects and characteristics of the treatments they receive [33].
Hypophosphatemic rickets presents with significantly
depressed phosphate levels and normal calcium levels, whereas
1, 25 (OH) 2 vitamin D levels are low or in the low normal
range [25]. In the present study, dental abnormalities such as
dental caries and delayed teething, same as nutritional rickets
and renal osteodystrophy, were prevalent. For treatment of
hypophosphatemic rickets, vitamin D and hydroxylated forms
of vitamin D have been used [38]. Vitamin D is intimately
involved in a wide variety of biologic processes, including
calcium homeostasis, bone formation, and cellular
differentiation [39,40].

Conclusions
In conclusion, our results showed dental caries and delayed
teething as more dominant dental abnormalities among
children with calcium metabolism disorders. Also, nutritional
rickets and renal osteodystrophy were more prevalent disorders
which both of them are associated with vitamin D deficiencies.
Thus, as aforementioned, addition of vitamin D supplements to
children’s diet could be an effective solution to prevent dental
abnormalities.
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