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Abstract

software, with statistical significance set at p <0.05.

between the groups (p> 0.05).

retrospectively.

Aim This study aimed to assess levels of 25-hydroxy vitamin D (25(0H)D5), calcium (Ca*?), phosphorus (P), and para-
thyroid hormone (PTH) and to determine delayed tooth eruption by examining their correlations.

Material and method The study included 101 paediatric patients, aged 6-14 years, who visited the Dicle Univer-
sity Paediatric Dentistry Clinic, had no systemic diseases, and had not received medication in the past three months.
Among them, 60 patients exhibited delayed eruption of their permanent central and first molar teeth, while 41 did
not. Serum levels of 25(0H)D;, Ca*?, P and PTH were measured. Statistical analyses were performed using IBM SPSS

Results Serum levels of 25(OH)D; and Ca*? were significantly lower in the patient group, whereas PTH lev-
els were significantly lower in the control group (p < 0.05). However, serum P levels did not differ significantly

Conclusions Serum parameters play a significant role in tooth eruption. The significance of vitamin D has increased
because of its physiological effects and involvement in metabolic pathways, highlighting the need to examine Ca*?,

P, and PTH levels, which contribute to its regulation. Low levels of vitamin D and Ca*?, along with elevated PTH levels,
have been identified as potential factors contributing to delayed tooth eruption, whereas P levels do not appear

to have a significant impact. In view of the ongoing growth and development in this patient group, regular monitor-
ing of vitamin D, Ca*?, and PTH levels, along with timely interventions, is essential.

Trial registration TCTR identification number: TCTR20240729001; registered on 29 July 2024. The trial was registered

Keywords Eruption, Vitamin D, Parathyroid hormone, Calcium, Phosphorus

Introduction

Tooth eruption is an intricate process involving the coor-
dination of various genetic, molecular, environmental,
cellular, and tissue factors, which contribute to differ-
ences in eruption timing [14]. Teeth erupt across a wide
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range of chronological ages, and factors such as ethnicity,
race, sex, and individual characteristics affect eruption
timing, informing the standardisation of normal eruption
periods [22, 24]. Although eruption times vary among
individuals during both primary and permanent denti-
tion periods, deviations within six months are considered
normal. A tooth is considered to exhibit delayed tooth
eruption (DTE) if its eruption time exceeds two stand-
ard deviations from the mean of established norms [27].
Early eruptions have also been documented, but DTE is
the most common deviation. DTE is defined as the failure
of a tooth to appear in the oral environment within the
expected timeframe, owing to factors other than sex and
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ethnicity. Chronological age is most often used to define
DTE, and although it does not always reflect biological
age, it provides a basis for assessing normal eruption tim-
ing in clinical evaluations [37].

In clinical practice, significant deviations from estab-
lished norms in eruption timing are frequently observed.
DTE may often be the primary or only symptom of
underlying local or systemic pathology [29]. Nutritional
status, particularly deficiencies or excesses of vita-
mins and minerals during developmental stages, can
affect dental hard tissue [25]. Endocrine gland disorders
can also have a substantial impact on the entire body,
including the teeth. Hypothyroidism, hypopituitarism,
hypoparathyroidism, and pseudo-hypoparathyroidism
are the most common endocrine disorders associated
with DTE [33].

Vitamin D can exert effects distant from its site of syn-
thesis and is regulated through feedback control. It is
hydroxylated in the liver by 25-hydroxylase (25-OHase)
to produce 25-hydroxy vitamin D, (25(OH)Dj;) [12].
Plasma 25(OH)D; levels provide a reliable measure of
vitamin D status. Although this form is not biologically
active in blood circulation, it serves as a dependable
parameter [31]. The biologically active form of vitamin D,
1,25-dihydroxy vitamin Dy (1,25(OH),D5), also known as
calcitriol, is produced by the enzyme la-hydroxylase [4].
However, because of its short half-life, it is not consid-
ered a reliable indicator of overall vitamin D status [17].

Long-term vitamin D deficiency results in decreased
serum calcium (Ca*?) levels and increased release of
parathyroid hormone (PTH), leading to reduced miner-
alisation of the collagen matrix [1]. The primary function
of active vitamin D, produced by the kidneys and acting
as a steroid hormone, is to regulate bone mineralisation.
Vitamin D is essential for the absorption of Ca™, mag-
nesium (Mg), and phosphorus (P) in the intestines, all of
which are necessary for proper bone and tooth minerali-
sation [7]. PTH, regulated by blood Ca*? levels, plays a
role in tooth eruption by mediating signalling between
osteoblasts and osteoclasts in the dental follicle and
alveolar bone [3, 36]. Studies on the interaction between
PTH and its receptor (PTHIR) during tooth eruption
indicate that genetic alterations in PTHIR are associ-
ated with DTE [30]. PTH serves as the primary regula-
tor of bone and mineral metabolism, balancing Ca** and
P levels. The synthesis and secretion of PTH are largely
regulated by Ca™ levels [12]. In addition, elevated serum
P levels stimulate the release of PTH [35]. PTH activates
la-hydroxylase, which converts the inactive form of vita-
min D, 25(OH)Ds, to its active form, 1,25(0OH),D; [19].
P is the second-most abundant mineral in the body after
Ca™, yet it is more widely distributed and serves various
biological functions. In the blood, P exists as phosphate,
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but its levels are measured as elemental P [32]. When
25(OH)D; levels fall below a critical threshold or Ca™
absorption from the intestines is insufficient, PTH lev-
els rise, resulting in secondary hyperparathyroidism.
Under the influence of PTH, 1a-hydroxylase is activated,
increasing 1,25(OH),D; levels and promoting bone
metabolism of Ca™? [34].

DTE, if not diagnosed promptly, can lead to long-term
complications, including orthodontic issues, malocclu-
sion, and jaw structure disorders. Investigating the bio-
chemical parameters that influence bone metabolism
and tooth eruption is therefore critical to understanding
the biological mechanisms underlying this delay. Serum
parameters and their relationships provide insights into
bone metabolism. To our knowledge, this is the first study
to examine the relationship between DTE and serum
parameters in light of the effects of bone metabolism on
the eruption mechanism through apposition and resorp-
tion. This study is significant because DTE can often be
the primary or only symptom of local or systemic pathol-
ogy, and identifying potential orthodontic issues and
their timing may help prevent complications. Because
bone metabolism directly impacts orthodontic move-
ments via apposition and resorption, DTE can influence
treatment indications, plans, and timing for orthodon-
tic patients. Consequently, DTE can have considerable
implications for the health screening of patients, under-
scoring the importance of this study.

This study aimed to determine how insufficient levels
of 25(OH)D; affect Ca*? and P balance and its relation-
ship with PTH in cases of DTE. Identifying the critical
point at which PTH levels deviate according to 25(OH)
Dy levels, as well as the borderline levels of vitamin D
insufficiency and deficiency, is essential in relation to
eruption timing. This study specifically aimed to evaluate
differences in serum 25(OH)D,, PTH, Ca™, and P levels,
which are hypothesised to contribute to delayed eruption
of permanent central and first molar teeth in children
aged 6—14 years. Moreover, it sought to explore the rela-
tionships between these factors by comparing blood sam-
ples from patients within a similar age range.

Material and method

This cross-sectional study received approval from the
Dicle University Faculty of Dentistry Local Ethics Com-
mittee, with the decision dated 27 January 2021 (No.
2021-09). It was supported by the Dicle University Sci-
entific Research Project Coordination Office (Project No.
DIS.21.004). This human observational study adhered to
the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) guidelines and was con-
ducted in accordance with the Declaration of Helsinki.
As all participants were under 16 years of age, written
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informed consent was obtained from their parents or
legal guardians.

A total of 101 randomly selected paediatric patients,
aged 6 to 14 years, who visited the Department of Pae-
diatric Dentistry at Dicle University Faculty of Dentistry,
were included in the study. Sixty patients had delayed
eruption of permanent central and first molar teeth,
while 41 did not. DTE was diagnosed through clinical
examination and radiographic evaluation using standard-
ised protocols. The mean age of eruption was compared
with established norms from population studies. To
ensure consistency and standardisation, all evaluations
were conducted by a single clinician.

Sociodemographic information and medical history
were recorded in a patient information file during the
examination. Children in both the patient and control
groups were selected to have similar sociodemographic
characteristics, with attention given to achieving compa-
rable sex distributions. Patients having no systemic dis-
ease, had not used antibiotics in the past three months,
and had not received oncological or endocrinological
treatment for conditions such as asthma or chronic kid-
ney disease (CKD) were selected. Children who did not
meet these criteria were excluded from the study.

Vitamin D deficiency is commonly observed in chil-
dren. To assess this deficiency, it was evaluated along-
side other parameters, including PTH, Ca*?, and P. Given
these conditions, the blood parameters in this study were
routinely and frequently examined together. Blood sam-
ples were not specifically requested from patients who
did not already have these tests taken as part of routine
care; these patients were excluded from the study from
the outset. Following clinical and radiological evaluation,
blood parameters were assessed using results from blood
samples taken at the Dicle University Child Health and
Diseases Hospital.

The normal reference range for PTH is 10-65 pg/mL
[19]. Because abnormal levels can affect vital functions,
regular monitoring of blood Ca'? levels is essential.
Total plasma Ca*? concentration should range between
2.2 and 2.6 mmol/L (8.8—-10.4 mg/dL). In blood, P exists
as phosphate, although its concentration is measured
as elemental P, with a normal range of 2.5-4.5 mg/dL.
The regulation of P levels is less strict than that of Cat?,
with considerable variations secondary to dietary and
nutritional factors [32]. To determine vitamin D sta-
tus, serum 25(OH)D; levels are classified as follows: <
20 ng/mL indicates deficiency, 20-30 ng/mL insuffi-
ciency, 30—-44 ng/mL sufficient, and 50-70 ng/mL opti-
mal. Levels above 150 ng/mL are considered toxic [11].
Serum 25(OH)D; levels fluctuate seasonally, generally
increasing in summer and decreasing in winter [2]. This
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study was conducted in spring to assess vitamin D lev-
els. Serum 25(OH)D;, PTH, Ca™?, and P levels of both
the patient and control groups were analysed to iden-
tify disparities and assess correlations.

This study had a 5% margin of error, a 95% confidence
level, a high effect size, 101 samples divided into two
groups (n1 =60, n2=41), and 99% power. The analysis
was conducted using the GPower 3.1 software package.

Statistical analysis was performed using IBM SPSS
version 21. Shapiro-Wilk and Kolmogorov-Smirnov
tests were applied to assess the normality of variable
distribution. In view of the total sample size of 101,
with each group exceeding 30 samples, the Kolmogo-
rov-Smirnov test was selected to evaluate the distribu-
tion. As the data did not follow a normal distribution,
the non-parametric Mann-Whitney U test was used for
group comparisons. The chi-square test was employed
to examine relationships among categorical variables,
as well as to assess the homogeneity of distribution
between the patient and control groups by sex. The
relationship among all groups was calculated using the
chi-square test, based on expected and observed val-
ues. The significance level was set at p <0.05.

Results

A total of 101 paediatric patients who visited the
Department of Paediatric Dentistry at Dicle University
Faculty of Dentistry, where they underwent clinical and
radiological examinations, were included in the study.
The patient group included 60 patients (36 males and
24 females) with delayed eruptions, whereas the control
group comprised 41 patients (22 males and 19 females)
without delayed eruptions (Table 1).

The average age of the patient group was 8.17 years,
whereas the average age of the control group was 8.76
years. A significant difference in age was observed
between the groups (p <0.05; Table 2).

The mean 25(OH)D; level in the patient group was
8.24 ng/mlL, significantly lower than that in the control
group, which had a mean of 30.74 ng/mL (p <0.05). The
mean PTH level in the control group was 50.54 pg/mL,
significantly lower than that in the patient group, which
had a mean of 74.15 pg/mL (p<0.05). The mean Ca™
level in the patient group was 7.87 mg/dL, significantly
lower than that in the control group, which had a mean
of 9.62 mg/dL (p <0.05). The mean P level was 4.80 mg/
dL in the control group and 4.81 mg/dL in the patient
group; although it was slightly lower in the control
group, no significant difference was observed between
the groups (p > 0.05; Table 3).
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Table 1 Relationship between groups and gender
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Group Chi-Squared test
Patient Control Total
n % n % n % Chi-square p
Gender Male 36 60 22 537 58 574 0401 0.527
Female 24 40 19 46.3 43 426
Total 60 100 41 100 101 100
Table 2 Relationship between groups and age
Group Mann-Whitney U test
n Mean Median Min Max SD Mean rank z p
Age Patient 60 8.17 8 7 10 0.78 4533 —248 0.013
Control 41 8.76 9 7 M 1.24 59.29
Total 101 841 8 7 11 1.03
Table 3 Relationship between groups and serum parameters
Group Mann-Whitney U test
n Mean Median Min Max SD Mean rank z p
25(0OH)D, Patient 60 824 823 5.68 13.47 1.67 305 -8.506 0.001
Control 41 3047 2861 20.01 48.08 7.37 81
Total 101 17.27 9.66 5.68 48.08 11.99
PTH Patient 60 7415 68.5 58 157 24.72 65.28 -5.929 0.001
Control 41 50.54 48 32 81 11.66 30.1
Total 101 64.56 61 58 157 23.46
Ca*? Patient 60 7.87 8 6 10.2 1.1 34.03 —7.049 0.001
Control 41 9.62 9.7 82 10.7 0.54 75.84
Total 101 8.58 8.76 6 10.7 1.26
P Patient 60 4.81 49 3.67 6 0.56 51.29 -0.121 0.904
Control 41 4.8 4.8 4.01 541 037 50.57
Total 101 4.81 4.84 3.67 6 049
Discussion epiphyseal cartilage, making it difficult to maintain serum

Tooth movement occurs alongside bone resorption
through osteoclastic activity in the pressure zone and
bone formation via osteoblastic activity in the ten-
sion zone. Serum levels of vitamin D, PTH, Ca*? and
P, regulated by feedback mechanisms, are balanced and
interrelated. These elements play active roles in alveolar
bone resorption and eruption path formation [23]. Con-
sequently, this study examined the relationship between
tooth eruption and the vitamins, minerals, and hormones
that influence bone mechanisms.

When serum 25(OH)D,; levels decrease, intestinal
absorption of Ca*™ and P also declines. This reduction
in absorption leads to inadequate mineralisation of the

Ca™ levels. As 25(OH)D; levels fall below a certain
threshold, PTH secretion increases in response to low
Ca™ levels. The body then mobilises Ca*? from the bones
under the influence of PTH and 1,25(0OH),D; to restore
serum Ca*? balance. Rising PTH levels further accelerate
the decline in P levels. As Ca™ is drawn from the bones,
mineralisation of the epiphyseal cartilage decreases, and
mineral content in other bone areas diminishes. Over
time, clinical and biochemical signs emerge, and eventu-
ally, the serum Ca*? balance cannot be maintained, even
with the effects of PTH and 1,25(0OH),D; [1].

In this study, an age difference was observed between
the patient and control groups, with the control group
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having a higher average age. This difference stems from
the chronological age data and the random selection of
patients. Similar studies have investigated 25(OH)D,
levels in children. For example, Haq et al. [9] analysed
25(OH)D; levels in children aged 4-15 years. Xavier et al.
[37] also examined vitamin D levels in 183 children aged
6-13 years with persistent primary teeth and delayed
eruptions. Moreover, Kim et al. [18] investigated the rela-
tionship between tooth decay and vitamin D levels in
1,688 children aged 10-12 years.

Numerous animal model studies have shown that the
local application of vitamin D accelerates tooth move-
ment, whereas vitamin D deficiency appears to slow it
down, potentially leading to delayed treatment or compli-
cations [23]. In a study on delayed eruption, Xavier et al.
[37] found that the serum 25(OH)Dj; level in a group with
persistent primary teeth was significantly lower than that
in the control group, suggesting that vitamin D deficiency
may contribute to delayed eruptions in children. In addi-
tion, Dhamo et al. [6] reported that low vitamin D lev-
els during birth and the second trimester of pregnancy
were associated with delayed eruption of primary teeth.
Crincoli et al. [5] investigated the relationship between
impacted mandibular third molars and vitamin D defi-
ciency, finding that 25(OH)D; levels were low in the
patient group. Their hypothesis was further supported in
patients with bilateral impaction, where a clear delay in
eruption was observed in those with significantly lower
serum 25(0OH)D; levels, potentially leading to several
negative outcomes. Reduced vitamin D levels may result
in clinical eruption delays, orthodontic complications,
and challenges in dental age determination [37].

PTH is the primary regulator of bone and mineral
metabolism, maintaining the balance of Ca*? and P
The amino-terminal domain of PTH binds to PTHIR
on osteoblasts and osteocytes in bone, periodontal liga-
ment cells, cementoblasts, and renal tubular cells. PTH
is crucial for homeostasis in mineralised tissues. Its most
important role in tooth development is regulating bone
resorption and apposition during eruption. This effect is
particularly significant in the mandible, which is more
mineralised than the maxilla. Studies have shown that
genetic changes in PTHIR are associated with failed
tooth eruption by examining the interaction of PTH with
its receptor during eruption [35]. During tooth develop-
ment, dental follicle cells differentiate into osteoblasts,
interacting with the Hertwig epithelial root sheath to
form alveolar bone around tooth roots. They also recruit
and activate osteoclasts to facilitate tooth development
and eruption. Concurrently, parathyroid hormone-
related peptide (PTHrP) is expressed around the devel-
oping tooth germ [38]. Philbrick et al. [26] reported that
PTHrP plays a critical role in tooth eruption, showing
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that the absence of PTHrP in mice disrupts eruption—
one of the first definitive studies demonstrating the role
of PTH in this process. In addition, patients with elevated
PTH levels showed a significant delay in tooth eruption.

If dietary Ca™ is considered a threshold nutrient,
as suggested by Heaney, higher serum 25(OH)D; lev-
els improve Ca™ absorption [10]. With sufficient vita-
min D supplementation, the threshold for optimal Ca™?
absorption can be met with lower Ca™ intake. In a study
by Hanna et al. [8], the effect of mutations in vitamin D
receptors (VDR) on tooth development and timing was
investigated. Observed outcomes included persistent
hypocalcaemia, elevated 1,25(0OH),D; levels, develop-
mental delays, weakened dentin structure, hypominer-
alisation, and early tooth loss. Similarly, Malloy et al. [21]
reported that any VDR mutation results in decreased
serum Ca™ levels, increased PTH secretion, elevated
osteoclastic activity, and higher alkaline phosphatase lev-
els. In cases of vitamin D deficiency, hypoparathyroidism
is associated with DTE, as PTH secretion increases until
25(0OH)D; levels are sufficient. In contrast, hyperparathy-
roidism is linked to elevated alkaline phosphatase, which
plays a critical role in tooth maturation by enhancing cal-
cification rates [15]. In this study, Ca™ levels were signifi-
cantly reduced in the patient group, alongside decreased
vitamin D levels and delayed eruption. However, because
the patients did not have advanced vitamin D deficiency,
these conditions were not specifically analysed. Owing to
the direct effects of vitamin D on Ca*? metabolism, low
blood Ca*? levels were observed.

In a five-year follow-up of a case of hypoparathy-
roidism by Kelly et al. [16], increased serum P levels were
observed, along with DTE and hypoplastic enamel. Simi-
lar studies have suggested that hyperphosphataemia may
be a secondary factor in various eruption disturbances
[13, 28]. In the present study, no significant differences
in serum P levels were found between the groups. As the
patients had no systemic diseases, the lack of difference
in serum P levels between the groups was likely attribut-
able to dietary and nutritional factors.

While vitamin D is activated by la-hydroxylase in the
kidney, Ca*? is also absorbed from the intestines. In a
study conducted by Liu et al. [20], researchers found
that mineral density in the teeth and alveolar bone of
mice with la-hydroxylase deficiency was reduced. They
also observed hypocalcaemia, hypophosphataemia,
and hyperparathyroidism. The study concluded that
1,25(OH),D; plays an anabolic role in both dentin and
alveolar bone, similar to its role in long bones, whereas
PTH is more effective in long bones than in the mandibu-
lar bone [20].

In a study by Sun et al. [34], the calcium-sensing
receptor (CaR) was found to play a crucial role in tooth
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formation and alveolar bone development in the mandi-
ble. Mice with CaR disruption exhibited hypercalcaemia,
hypophosphataemia, and elevated serum PTH levels.
Furthermore, the volume of teeth and alveolar bone
decreased significantly, and the ratio of predentin area to
total dentin increased markedly.

Consistent with other recent studies, serum param-
eters were found to play a significant role in tooth erup-
tion. The importance of vitamin D has increased because
of its physiological effects and involvement in various
metabolic pathways. In addition, serum levels of Ca*?,
P, and PTH, which are involved in vitamin D regulation,
should be examined. One limitation of this study was the
statistically significant age difference between the groups.
Therefore, conducting studies with larger and more age-
matched groups is essential for a better understand-
ing of these relationships and to draw more definitive
conclusions.

Conclusions

This study aimed to determine the effects of vitamins
and minerals on bone metabolism and the underlying
mechanisms. Serum levels of 25(OH)D,, PTH, Ca™?
and P, regulated by feedback mechanisms, play active
roles in alveolar bone resorption and eruption path for-
mation by maintaining a balanced state. Therefore, any
eruption disorder secondary to disruptions in this cycle,
potentially caused by systemic disease, can be clinically
diagnosed, evaluated, and managed effectively. Recognis-
ing the significant impact of vitamin and mineral defi-
ciencies or excesses on oral, dental, and overall health is
clinically important. In this study, low levels of 25(OH)D,
and Ca™?, with a corresponding increase in PTH levels,
may have contributed to DTE; however, P levels did not
appear to play a decisive role in this process. Such stud-
ies are expected to be useful reference standards for pae-
diatric dentists, orthodontists, and paediatricians when
evaluating eruption disorders in relation to bone metabo-
lism. In cases of DTE, based on the eruption-age chart,
paediatric dentists would benefit from considering serum
vitamin and mineral levels in light of their effects on the
eruption path.

Abbreviations
DTE Delayed tooth eruption

25-OHase 25-hydroxylase

25(0H)Ds 25-hydroxy Vitamin D

1,25(0H),D;  1,25-dihydroxy Vitamin D

PTH Parathyroid hormone

Mg Magnesium

p Phosphorus

PTHIR Parathyroid hormone receptor 1

CKD Chronic kidney disease

PTHr-P Parathyroid hormone-related peptide
VDR Vitamin D receptor

CaR Calcium-sensing receptor
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