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ABSTRACT

Phosphorus is a vital mineral required for the proper mineralization of bones
and teeth, particularly during childhood development. Deficiency in
phosphorus intake can lead to delayed dental development, including the
eruption of permanent teeth, which may result in oral health complications
such as malocclusion and increased risk of dental caries. A cross-sectional
study was conducted among 50 children from SD N 15 Koto Lalang, Padang
City. Participants were categorized into two groups based on the eruption
status of their permanent canines: normal eruption and delayed eruption.
Phosphorus intake was measured through dietary surveys, and statistical
analysis, including the Mann-Whitney test, was applied to assess the
relationship between phosphorus intake and tooth eruption timing. The
median phosphorus intake in the normal eruption group was 597.30 mg,
significantly higher than the 440.00 mg observed in the delayed eruption
group (p = 0.000). The interquartile range (IQR) for the delayed group was
narrower, suggesting a more uniform phosphorus deficiency. In conclusion,
phosphorus deficiency is a significant factor contributing to delayed eruption
of permanent teeth in children. Ensuring adequate phosphorus intake
through proper nutrition is crucial for timely dental development and the
prevention of long-term oral health issues. Further studies should explore
the interaction of phosphorus with other micronutrients to provide a
comprehensive understanding of its role in dental health.

1. Introduction

Phosphorus, a ubiquitous mineral found in every
cell of the human body, plays a critical role in a myriad
of physiological processes. It is the second most
abundant mineral in the body, after calcium, and is
intricately involved in bone formation, energy
metabolism, cell signaling, and acid-base balance.
While its importance for skeletal health is widely
recognized, its crucial role in dental development,
particularly in the timely eruption of permanent teeth,
is often overlooked. Teeth, like bones, are composed
primarily of a  mineralized matrix called
hydroxyapatite, which is a crystalline complex of

calcium and phosphate ions. Phosphorus, therefore, is

not merely a building block of teeth; it is essential for
their structural integrity and resilience. During
childhood and adolescence, when permanent teeth are
developing and erupting, adequate phosphorus intake
is paramount to ensure proper mineralization and
timely emergence into the oral cavity.l-4

The eruption of permanent teeth is a complex and
tightly regulated physiological process involving a
delicate interplay of genetic, hormonal, and
environmental factors. It is a crucial milestone in a
child's development, marking the transition from the
deciduous dentition to the permanent one that will
serve them throughout adulthood. Any disruption in
this intricate

process can have significant
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consequences for oral health, function, and aesthetics.
Delayed eruption of permanent teeth is a common
dental concern, often attributed to various factors,
including genetic predisposition, systemic diseases,
local factors such as overcrowding or impaction, and,
importantly, nutritional deficiencies. Among these,
phosphorus deficiency has emerged as a significant
contributor to delayed tooth eruption. Children with
inadequate phosphorus intake are more likely to
experience delays in the emergence of their permanent
teeth, potentially leading to a cascade of oral health
complications.57

The consequences of delayed tooth eruption can be
far-reaching. Malocclusion, a misalignment of teeth, is
a common outcome, often requiring orthodontic
intervention to correct. Delayed eruption can also
increase the risk of dental caries, as partially erupted
teeth are more susceptible to plaque accumulation
and bacterial colonization. Furthermore, it can impact
masticatory function, speech development, and even
self-esteem, particularly in adolescence when
appearance becomes increasingly important. Despite
the recognized importance of phosphorus in dental
development, research specifically investigating the
correlation between phosphorus intake and delayed
eruption of permanent teeth remains limited. This gap
in knowledge underscores the need for further
investigation into this critical area of oral health.8-10
This study aims to address this gap by examining the
relationship between phosphorus intake and the
timing of permanent tooth eruption, with a particular

focus on canines, in children aged 10-12 years.

2. Methods

This research was designed as an analytical
observational study using a cross-sectional approach.
This design is particularly suited for investigating the
association between a presumed risk factor
(phosphorus intake) and a health outcome (delayed
eruption of permanent canine teeth) at a specific point
in time. The cross-sectional nature of the study allows
for efficient data collection and provides a snapshot of

the relationship between phosphorus intake and tooth

eruption status within a defined population. The study
was conducted at SD N 15 Koto Lalang, a public
elementary school located in Padang City, West
Sumatra, Indonesia. This setting was chosen due to its
accessibility and the potential for high prevalence of
nutritional deficiencies in the region, making it
relevant to the study's objectives. The study period
extended from March to June 2023, providing ample
time for participant recruitment, data collection, and
analysis.

The study population included children aged 10-12
years residing in the area served by the Lubuk
Kilangan Community Health Center (Puskesmas) in
Padang City. This age range was selected as it
represents a critical period for the eruption of
permanent canine teeth, allowing for meaningful
observation and comparison of eruption status among
participants. Inclusion and exclusion criteria were
carefully defined to ensure the selection of a
representative and appropriate study sample. The
inclusion criteria were as follows; Male and female
children aged 10-12 years; Children with no history of
systemic diseases or special needs that could
potentially influence tooth eruption patterns; Children
who were cooperative and willing to participate in the
study procedures, including dietary interviews and
dental examinations; Children whose parents or legal
guardians provided informed consent for their
participation in the study. The following exclusion
criteria were applied; Children with systemic diseases
such as endocrine disorders, metabolic diseases, or
genetic conditions known to affect tooth eruption;
Children with special needs, including developmental
disabilities or cognitive impairments, that could
hinder their ability to participate in study procedures
or provide accurate dietary information; Children who
were uncooperative or unwilling to undergo dental
examinations or provide dietary information. These
criteria aimed to minimize potential confounding
factors and ensure that the study findings accurately
reflect the relationship between phosphorus intake
and delayed eruption of permanent canine teeth in the

target population.
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To ensure the selection of a representative sample,
a simple random sampling technique was employed.
Informed consent was obtained from the parents or
legal guardians of all selected children before their
inclusion in the study. This process involved providing
comprehensive information about the study's purpose,
procedures, potential risks and benefits, and ensuring
voluntary participation. Data collection involved two
primary methods: dietary assessment and dental
examination.

Phosphorus intake was assessed using a 24-hour
food recall interview. This method involves asking
participants to recall all food and beverages consumed
within the past 24 hours. Trained interviewers
conducted the interviews, using standardized
questionnaires and visual aids to facilitate accurate
recall of portion sizes and food types. The information
obtained from the 24-hour food recall interviews was
then analyzed wusing a comprehensive food
composition database to determine the daily
phosphorus intake in milligrams (mg) for each
participant. This database provides detailed
information on the nutrient content of various foods
and beverages commonly consumed in the study area.

Clinical dental examinations were performed by a
qualified dentist to assess the eruption status of
permanent canine teeth. Each participant underwent
a thorough oral examination under adequate lighting
conditions, using a mouth mirror and dental explorer.
The eruption status of permanent canines was
classified into two categories; Normal eruption:
Indicated by the presence of fully erupted permanent
canines in the oral cavity; Delayed eruption: Indicated
by the absence of permanent canines in the oral cavity
or the presence of partially erupted canines that had
not reached their functional positions in the dental
arch. This classification allowed for clear
categorization of participants based on their canine
eruption status, facilitating subsequent analysis of the
relationship between phosphorus intake and delayed
eruption.

Data analysis involved both descriptive and

inferential statistics. Descriptive statistics were used

to summarize and characterize the distribution of
phosphorus intake among participants. This included
calculating the mean, standard deviation, minimum,
and maximum values to provide an overview of the
range and variability of phosphorus intake in the
study sample. The Mann-Whitney U test, a non-
parametric statistical test, was used to compare
phosphorus intake between the normal and delayed
canine teeth eruption groups. This test is appropriate
for comparing the central tendencies of two
independent groups when the data are not normally
distributed. A p-value of less than 0.05 was considered
statistically significant, indicating a strong likelihood
that the observed difference in phosphorus intake
between the two groups is not due to chance alone.
This threshold is commonly used in research to
determine the statistical significance of findings.

The research protocol for this study was reviewed
and approved by the Research Ethics Committee of the
Faculty of Medicine, Universitas Andalas (Approval No:
15/UN.16.2/KEP-FK/2024). The approval was valid
for one year from the date of issue, ensuring ethical
oversight throughout the study period. All participants
and their parents or legal guardians were provided
with detailed information about the study's purpose,
procedures, potential risks and benefits, and the
option to withdraw from the study at any time without
consequences. Written informed consent was obtained
from the parents or legal guardians of all participants
before their inclusion in the study. In the event of any
serious adverse events (SAEs) occurring during the
study, immediate reporting to the Research Ethics
Committee was mandated. The Research Ethics
Committee ensured that the study adhered to national
and international ethical standards for research
involving human subjects, protecting the rights,

safety, and well-being of all participants.

3. Results and Discussion

Table 1 presents the demographic characteristics
of the 50 participants involved in the study,
categorized by normal eruption and delayed eruption

of permanent canines. The overall sample consisted of
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more males (33, 66%) than females (17, 34%). The
gender distribution was relatively balanced between
the normal eruption group (17 males, 8 females) and
the delayed eruption group (16 males, 9 females). This
suggests that gender is unlikely to be a major
confounding factor in the relationship between
phosphorus intake and eruption status. The majority
of participants were either 11 (19, 38%) or 10 (17, 34%)
years old, with a smaller proportion aged 12 (14, 28%).
Interestingly, a higher proportion of 10-year-olds were
in the delayed eruption group (12 out of 17), while a

higher proportion of 12-year-olds were in the normal

eruption group (11 out of 14). This might indicate a
potential association between age and eruption status,
although further analysis is needed to confirm this.
The sample size of 25 participants in each group
provides a reasonable basis for comparison. The table
effectively summarizes the key demographic
characteristics of the participants, allowing for a clear
understanding of the sample composition. While the
gender distribution appears balanced, the age
distribution suggests a potential influence of age on
eruption status, which warrants further investigation

in the analysis.

Table 1. Participants characteristic.

Characteristic Normal eruption Delayed eruption Total (n=50)
(n=25) (n=25)

Gender

Male 17 16 33
Female 8 9 17

Age (years)

10 5 12 17

11 9 10 19

12 11 3 14

Figure 1 illustrates the distribution of daily

phosphorus intake among the S50 children
participating in the study. The data is presented as a
histogram, with phosphorus intake (in milligrams) on
the x-axis and frequency (number of children) on the
y-axis. The distribution appears to be roughly
symmetrical, with a peak of around 500-600 mg of
phosphorus intake. This suggests that the majority of
children in the study consume phosphorus within this
range. The intake

phosphorus ranges from

approximately 250 mg to 800 mg, indicating variability

in dietary habits and phosphorus consumption among
the participants. The most frequent intake levels fall
within the 500-600 mg range, with the highest
frequency observed in the 500-550 mg interval. This
suggests that this range might represent the typical
phosphorus intake for this group of children. There are
a few children with relatively low phosphorus intake
(below 300 mg) and a few with relatively high intake
(above 700 mg). These outliers could indicate
individual dietary variations or potential nutritional

concerns that warrant further investigation.
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Figure 1. Distribution of phosphorus intake among children.

Figure 2 provides a visual comparison of

phosphorus intake between the two groups of
children: those with normal eruption of permanent
canines and those with delayed eruption. The data is
presented as box plots, which effectively illustrate the
central tendency, variability, and range of phosphorus
intake for each group. The median phosphorus intake
(represented by the horizontal line within each box) is
noticeably higher in the normal eruption group
compared to the delayed eruption group. This visually
suggests a potential association between higher
phosphorus intake and normal eruption of permanent

canines. The IQR (represented by the box itself) is

BUO

700

600

500

Phosphorus Intake (mg)

400

narrower in the delayed eruption group, indicating less
variability in phosphorus intake within this group.
This could suggest a more consistent pattern of lower
phosphorus consumption among children with
delayed eruption. The overall range of phosphorus
intake (represented by the whiskers) is wider in the
normal eruption group, indicating greater variability in
consumption patterns. This could be due to a wider
range of dietary habits within this group. There are no
apparent outliers in either group, suggesting that the
data points are relatively clustered around the central

values.

1
1

Normal Eruption
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Figure 2. Comparison of phosphorus intake between normal and delayed eruption.
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Table 2 presents a comparison of phosphorus
intake between children with normal and late eruption
of permanent canines. It provides key statistical
measures to assess the difference in phosphorus
consumption between the two groups. The median
phosphorus intake in the normal eruption group
(597.30 mg) is notably higher than that in the late
eruption group (440.00 mg). This difference in central
tendency suggests a potential association between
higher phosphorus intake and normal eruption of
permanent canines. The IQR, which represents the
spread of the middle 50% of the data, is considerably

wider in the normal eruption group (187.15 mg)

compared to the late eruption group (81.95 mg). This
indicates greater variability in phosphorus intake
among children with normal eruption, while those with
late eruption exhibit a more homogenous, and likely
deficient, intake pattern. The p-value of 0.000,
obtained from the Mann-Whitney test, indicates a
statistically significant difference in phosphorus
intake between the two groups. This strongly suggests
that the observed difference in median intake is not
due to chance and supports the hypothesis that
phosphorus intake plays a role in the timing of

permanent tooth eruption.

Table 2. Phosphorus intake and delayed eruption of permanent teeth.

Eruption of canines Phosphorus intake p-value*
n Median (mg) IQR (mg)

Normal eruption 25 597.30 187.15 0,000

Late eruption 25 440.00 81.95

* Mann-Whitney test; IQR: Inter Quartile Range.

The cornerstone of this research lies in the robust
association observed between lower phosphorus
intake and the delayed eruption of permanent canines.
This finding resonates deeply with the well-established
understanding of phosphorus's pivotal role in the
mineralization and overall development of dental
tissues. To fully appreciate the significance of this
association, we must delve into the intricate world of
tooth development and the critical role phosphorus
plays in this complex process. Phosphorus, as the
second most abundant mineral in the human body, is
far from a passive component of teeth, it is an active
participant in the intricate orchestration of their
formation. Along with calcium, phosphorus forms the
very foundation of teeth — the mineral matrix known
as hydroxyapatite. This complex crystalline structure

provides teeth with remarkable strength, resilience,

and resistance to the forces of mastication. Imagine
hydroxyapatite as the bricks and mortar of a sturdy
building. Phosphorus, in this analogy, would be the
crucial binding agent that holds the bricks together,
providing structural integrity and ensuring the
building can withstand the test of time and the
elements. In teeth, hydroxyapatite forms the dense,
mineralized structure that allows them to withstand
the daily wear and tear of biting, chewing, and grinding
food. During the critical stages of tooth development,
when the intricate enamel and dentin layers are being
meticulously crafted, adequate phosphorus intake is
paramount. It ensures the proper mineralization of
these tissues, laying the groundwork for strong and
healthy teeth that can withstand the test of time and
the rigors of chewing. Tooth development is a marvel

of biological engineering, a precisely choreographed
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sequence of events that begins in the embryonic stage
and continues through adolescence. It involves a
complex interplay of genetic, hormonal, and
environmental factors, all working in concert to
produce the intricate structures that make up our
teeth. At the heart of this process lies the delicate
dance of mineralization, where calcium and phosphate
ions, under the guidance of specialized cells, are
deposited into the developing tooth structure, forming
the hard and resilient tissues of enamel and dentin.
Enamel, the outermost layer of the tooth, is the
hardest substance in the human body. It forms a
protective shield against the wear and tear of chewing
and the acidic environment of the mouth. Dentin, the
layer beneath the enamel, provides structural support
and transmits sensations to the pulp, the innermost
layer of the tooth that contains nerves and blood
vessels. Phosphorus plays a crucial role in the
mineralization of both enamel and dentin. It is a key
component of the enzymes that regulate the deposition
of calcium and phosphate ions into these tissues,
ensuring their proper formation and structural
integrity. The eruption of teeth is not merely the
emergence of a tooth into the oral cavity, it is a
complex and dynamic process that involves the
coordinated movement of the developing tooth through
the jawbone and into its functional position in the
dental arch. This journey is guided by a delicate
balance of bone remodeling, a continuous cycle of
bone resorption and formation that allows the tooth to
migrate through the jawbone. Phosphorus plays a vital
role in this process by supporting the health and
integrity of the surrounding bone and periodontal
tissues. When phosphorus is lacking, this intricate
process can be disrupted, leading to delays in eruption
and potential complications. When phosphorus intake
falls short of the body's requirements, the delicate
balance of tooth development is disrupted. Insufficient
phosphorus can lead to hypomineralization, a
condition where the enamel and dentin are
inadequately mineralized. This renders teeth more
susceptible to dental caries, as the weakened

structure is more easily penetrated by the acids

produced by plaque bacteria. Imagine a wall built with
weak bricks and mortar. It is more likely to crumble
and crack under pressure compared to a wall built
with strong materials. Similarly, hypomineralized
teeth are more vulnerable to the erosive forces of acids,
making them more prone to cavities. As observed in
this study, phosphorus deficiency can also impede the
eruption process itself. The eruption of teeth is a
complex interplay of biological events, involving the
coordinated movement of the developing tooth through
the jawbone and into its functional position in the oral
cavity. Phosphorus plays a crucial role in this process
by supporting the health and integrity of the
surrounding bone and periodontal tissues. When
phosphorus is lacking, this intricate process can be
delayed, leading to the late emergence of permanent
teeth. Delayed eruption can have a domino effect on
oral health, leading to malocclusion, increased risk of
caries, and difficulties in mastication and speech
development. The findings of this study underscore
the critical importance of recognizing and addressing
phosphorus deficiency in children. Adequate
phosphorus intake is not merely a matter of ensuring
strong teeth, it is an investment in a child's overall oral
health and well-being. By promoting adequate
phosphorus intake through nutritional education,
dietary counseling, and public health initiatives, we
can help ensure that children have the building blocks
they need for healthy tooth development and a lifetime
of optimal oral health. This study's findings go beyond
simply establishing an association between
phosphorus deficiency and delayed eruption. The
significantly lower median phosphorus intake in the
delayed eruption group, coupled with the narrower
interquartile range, reveals a concerning pattern that
warrants a deeper exploration. The median is a
statistical measure that represents the "middle value"
in a dataset when arranged in ascending order. In the
context of this study, the median phosphorus intake
provides valuable insight into the typical phosphorus
consumption within each group - those with normal
eruption and those with delayed eruption. The

significantly lower median phosphorus intake in the
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delayed eruption group immediately raises a red flag.
It indicates that, on average, children with delayed
eruption are consuming considerably less phosphorus
than their counterparts with normal eruption
patterns. This finding alone suggests a potential link
between inadequate phosphorus intake and the
delayed eruption of permanent teeth. Imagine two
classrooms of students, each representing one of the
study groups. In the classroom representing normal
eruption, the "middle" student consumes a sufficient
amount of phosphorus, meeting their body's needs for
healthy tooth development. However, in the classroom
representing delayed eruption, the "middle" student is
consuming significantly less phosphorus, potentially
hindering their dental development. This difference in
median intake is not merely a numerical observation,
it reflects a potential disparity in nutritional status
between the two groups, with the delayed eruption
group potentially facing a higher risk of phosphorus
deficiency. While the median provides a snapshot of
the "typical" intake, the interquartile range (IQR) offers
a Dbroader perspective on the distribution of
phosphorus consumption within each group. The IQR
represents the spread of the middle 50% of the data,
providing a measure of variability. In this study, the
narrower IQR in the delayed eruption group adds
another layer of concern. A narrower range suggests
less variability in phosphorus intake among children
with delayed eruption. This implies that the lower
phosphorus intake is not just an isolated occurrence
in a few individuals but rather a consistent pattern
within this group. Returning to our classroom analogy,
imagine that in the classroom representing normal
eruption, the students exhibit a wide range of
phosphorus intakes, some consuming more and some
less than the "middle" student. However, in the
classroom representing delayed eruption, the
students' intakes are clustered more closely around
the lower median, indicating a more homogenous
pattern of inadequate consumption. It suggests that
phosphorus deficiency might be more widespread
among children with delayed eruption than previously

thought. The consistent pattern of low intake indicates

a potential systemic issue, rather than isolated cases
of inadequate consumption. The consistent pattern of
low intake also raises concerns about the severity of
the deficiency. If a large proportion of children within
the delayed eruption group are -consistently
consuming less phosphorus, the deficiency might be
more pronounced, potentially leading to more
significant effects on dental development. The findings
underscore the mneed for targeted nutritional
interventions to address this potential public health
concern. If phosphorus deficiency is indeed prevalent
and severe within this group, public health initiatives
aimed at increasing phosphorus intake could have a
significant impact on improving oral health outcomes.
The combination of a lower median intake and a
narrower IQR in the delayed eruption group paints a
concerning picture of potential widespread and
consistent phosphorus deficiency. This observation
calls for a proactive approach to address this
nutritional deficiency and its potential impact on
dental health. By recognizing the significance of these
findings, healthcare providers, public health officials,
and educators can work together to develop and
implement targeted interventions to increase
phosphorus intake among children, particularly those
at risk of delayed eruption. These interventions could
include nutritional education, dietary counseling, food
fortification programs, and supplementation
initiatives. Ultimately, by addressing phosphorus
deficiency, we can help ensure that children have the
nutritional foundation they need for healthy tooth
development and a lifetime of optimal oral health. The
implications of this study extend far beyond the
individual level, reaching into the broader realm of
public health. The findings have important
ramifications for communities, particularly those
where nutritional deficiencies are prevalent. Delayed
tooth eruption, often viewed as a mere cosmetic
concern, can trigger a cascade of negative
consequences that impact not only oral health but also
overall well-being. This study serves as a call to action,
urging public health professionals and policymakers

to recognize the significance of phosphorus deficiency
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and implement targeted interventions to address this
often-overlooked nutritional issue. Delayed tooth
eruption is not simply a matter of teeth appearing later
than expected, it can disrupt the delicate balance of
the oral cavity, leading to a ripple effect of
complications that can affect a child's quality of life.
One of the most common consequences of delayed
eruption is malocclusion, or a "bad bite." When teeth
erupt out of their proper sequence or position, it can
disrupt the alignment of the entire dental arch. This
can lead to difficulties in chewing, as the teeth may not
meet properly to effectively grind food. It can also affect
speech articulation, making it challenging to
pronounce certain sounds clearly. Furthermore,
malocclusion can impact facial aesthetics, potentially
affecting a child's self-esteem and social interactions.
Correcting malocclusion often requires orthodontic
treatment, which can be costly and time-consuming,
placing a burden on families and healthcare systems.
Another significant concern associated with delayed
eruption is an increased risk of dental caries. Partially
erupted teeth are particularly vulnerable to caries, as
they are more difficult to clean and more prone to
plaque accumulation. The irregular contours of
partially erupted teeth create niches where bacteria
can thrive, leading to the formation of dental plaque, a
biofilm that produces acids that erode tooth enamel. If
left untreated, dental caries can progress to pulpitis,
an inflammation of the dental pulp, and eventually to
tooth loss. Dental caries can cause pain, infection, and
difficulty eating, impacting a child's overall health and
well-being. Furthermore, delayed eruption can
interfere with the proper development of mastication
and speech patterns. Chewing requires a coordinated
effort of the jaws, teeth, tongue, and facial muscles.
When teeth are delayed in their eruption, it can
disrupt this intricate process, making it challenging
for children to effectively chew and grind their food.
This can lead to dietary restrictions, as children may
avoid foods that are difficult to chew, potentially
leading to nutritional deficiencies. Similarly, delayed
eruption can affect speech development, particularly

the pronunciation of certain sounds that require

precise positioning of the tongue and teeth. Difficulties
in communication can impact a child's social
interactions and academic performance. The findings
of this study highlight the urgency of addressing
phosphorus deficiency as a public health concern. By
taking proactive steps to increase phosphorus intake
among children, particularly those at risk of delayed
eruption, we can potentially mitigate the cascade of
complications associated with this nutritional
deficiency. Public health initiatives aimed at
addressing phosphorus deficiency should be
multifaceted and tailored to the specific needs of the
community. Raising awareness about the importance
of phosphorus for dental health is crucial. Educational
programs can be implemented in schools, community
centers, and healthcare settings to educate families
about phosphorus-rich food sources and the
importance of incorporating them into their children's
diets. Personalized dietary counseling can provide
families with the knowledge and tools they need to
ensure adequate phosphorus intake for their children.
Registered dietitians and nutritionists can assess
dietary habits, identify potential deficiencies, and
provide guidance on making healthy food choices. In
regions where dietary phosphorus intake is
consistently low, food fortification can be an effective
strategy to increase the availability of this essential
nutrient. Fortifying commonly consumed foods, such
as cereals, bread, and dairy products, with
phosphorus can help ensure that children receive
adequate amounts even if their dietary habits are not
ideal. In areas where phosphorus deficiency is
prevalent, supplementation programs can be
implemented to provide children with direct access to
this essential nutrient. Phosphorus supplements can
be distributed through schools, healthcare clinics, or
community outreach programs. Addressing
phosphorus deficiency is not just the responsibility of
public health officials, it requires a collective effort
from healthcare providers, educators, families, and
communities. By working together, we can create an
environment that supports healthy eating habits and

ensures that children receive the nutrients they need
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for optimal oral health. Investing in children's oral
health is an investment in their overall well-being. By
addressing phosphorus deficiency and promoting
timely tooth eruption, we can help children avoid the
potential complications associated with delayed
eruption, setting them on a path towards a lifetime of
healthy smiles and improved quality of life.11-14

To truly comprehend the profound impact of
phosphorus on dental development and oral health,
we must delve into the intricate biological mechanisms
through which this essential mineral exerts its
influence. Phosphorus is not merely a building block
of teeth, it is a dynamic player in a complex symphony
of cellular processes that orchestrate the formation,
eruption, and maintenance of a healthy oral
environment. At the heart of phosphorus's role in
dental health lies its critical contribution to tooth
mineralization. Phosphorus is a key component of
hydroxyapatite, the mineral that forms the very
foundation of teeth, providing them with their
remarkable strength, resilience, and resistance to the
forces of mastication. Imagine hydroxyapatite as the
bricks and mortar of a sturdy fortress. Phosphorus, in
this analogy, would be the crucial binding agent that
holds the bricks together, providing structural
integrity and ensuring the fortress can withstand the
test of time and the assaults of enemy forces. In teeth,
hydroxyapatite forms the dense, mineralized structure
that allows them to withstand the daily wear and tear
of biting, chewing, and grinding food. During the
critical stages of tooth development, when the intricate
enamel and dentin layers are being meticulously
crafted, adequate phosphorus intake is paramount. It
ensures the proper mineralization of these tissues,
laying the groundwork for strong and healthy teeth
that can withstand the test of time and the rigors of
chewing. Enamel, the outermost layer of the tooth, is
the hardest substance in the human body. It forms a
protective shield against the wear and tear of chewing
and the acidic environment of the mouth. Dentin, the
layer beneath the enamel, provides structural support
and transmits sensations to the pulp, the innermost

layer of the tooth that contains nerves and blood

vessels. Phosphorus plays a crucial role in the
mineralization of both enamel and dentin. It is a key
component of the enzymes that regulate the deposition
of calcium and phosphate ions into these tissues,
ensuring their proper formation and structural
integrity. When phosphorus is deficient, this process
can be disrupted, leading to hypomineralization, a
condition where the enamel and dentin are
inadequately mineralized. Hypomineralized teeth are
more susceptible to dental caries, as the weakened
structure is more easily penetrated by the acids
produced by plaque bacteria. Tooth eruption is not
merely the emergence of a tooth into the oral cavity, it
is a complex and dynamic process that involves the
coordinated movement of the developing tooth through
the jawbone and into its functional position in the
dental arch. This journey is guided by a delicate
balance of bone remodeling, a continuous cycle of
bone resorption and formation that allows the tooth to
migrate through the jawbone. Phosphorus plays a vital
role in this process by regulating the activity of
osteoblasts (bone-forming cells) and osteoclasts (bone-
resorbing cells). Osteoblasts are responsible for
depositing new bone tissue, while osteoclasts break
down old bone tissue. This continuous cycle of bone
remodeling is essential for maintaining the health and
integrity of the jawbone, allowing for the proper
eruption of teeth. Phosphorus influences bone
remodeling by affecting the production and activity of
various signaling molecules that regulate osteoblast
and osteoclast function. For example, phosphorus is
involved in the production of adenosine triphosphate
(ATP), the primary energy currency of cells. ATP is
essential for the energy-demanding processes of bone
formation and resorption. Phosphorus is also involved
in the production of various growth factors that
stimulate osteoblast activity and promote bone
formation. When phosphorus is deficient, the delicate
balance of bone remodeling can be disrupted. This can
lead to delays in eruption, as the jawbone may not be
adequately remodeled to accommodate the erupting
tooth. It can also increase the risk of other dental

problems, such as root resorption, where the roots of
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the teeth are broken down by osteoclasts. Phosphorus
also plays a crucial role in maintaining the health of
the periodontium, the tissues that surround and
support the teeth. These tissues include the alveolar
bone, periodontal ligament, and gingiva. The
periodontium provides a stable foundation for the
teeth, allowing them to withstand the forces of chewing
and maintain their position in the jawbone.
Phosphorus contributes to periodontal health by
supporting the integrity of the alveolar bone and
periodontal ligament. The alveolar bone is the portion
of the jawbone that anchors the teeth. The periodontal
ligament is a network of connective tissue fibers that
connect the tooth to the alveolar bone, providing a
strong and flexible attachment. Phosphorus deficiency
can compromise the integrity of these tissues,
increasing the risk of periodontal disease, a leading
cause of tooth loss in adults. Periodontal disease is
characterized by inflammation and infection of the
gums and supporting tissues. It can lead to gum
recession, bone loss, and eventually tooth loss. In
summary, phosphorus plays a multifaceted role in oral
health, contributing to the mineralization of teeth, the
regulation of bone remodeling, and the maintenance of
periodontal health. Adequate phosphorus intake is
essential for ensuring the proper development,
eruption, and long-term health of teeth and supporting
tissues. Recognizing the intricate biological
mechanisms through which phosphorus exerts its
influence underscores the importance of addressing
phosphorus deficiency as a public health concern and
promoting adequate phosphorus intake for optimal
oral health throughout life.15-17

While this study reveals a compelling association
between phosphorus intake and delayed tooth
eruption, it is crucial to acknowledge the intricate web
of factors that influence this process. Tooth eruption
is not solely governed by phosphorus levels, it is a
multifaceted phenomenon orchestrated by a
symphony  of  biological processes, genetic
predispositions, and environmental influences. To
fully understand the role of phosphorus in this

intricate dance, we must explore potential

confounding factors that may intertwine with its
effects, potentially masking or exaggerating its true
impact. Age is an undeniable maestro in the symphony
of tooth eruption, guiding the tempo and sequence of
dental development. Teeth emerge according to a
predictable chronological pattern, with each tooth
having its own designated time of arrival. While this
study focused on a specific age range (10-12 years), a
period when permanent canines typically make their
grand entrance, individual variations in eruption
timing are not uncommon. Genetic factors, hormonal
influences, and even gender can contribute to these
variations. Some children may be naturally
predisposed to earlier or later eruption patterns,
irrespective of their phosphorus intake. Hormonal
imbalances can also influence the timing of tooth
eruption, as hormones play a crucial role in regulating
bone growth and development. Even gender can play
a subtle role, with girls generally exhibiting slightly
earlier eruption patterns than boys. Therefore, it is
essential to consider age as a potential confounding
factor when interpreting the results of this study.
Further analysis controlling for age could help to
disentangle the specific effect of phosphorus intake on
eruption, separating it from the influence of natural
chronological variations. This would provide a clearer
picture of phosphorus's independent contribution to
the eruption process. Phosphorus deficiency rarely
exists in isolation, it often occurs within the context of
broader nutritional deficiencies. Children with
inadequate phosphorus intake might also be deficient
in other essential nutrients that play crucial roles in
dental development. Calcium is the most abundant
mineral in the body and a primary building block of
teeth and bones. It works in concert with phosphorus
to form the mineral matrix of hydroxyapatite,
providing strength and structure to these tissues.
Calcium deficiency can lead to weakened enamel,
increased susceptibility to caries, and delayed tooth
eruption. Vitamin D plays a crucial role in calcium
absorption and bone mineralization. It promotes the
absorption of calcium from the intestines and helps

regulate calcium levels in the blood. Vitamin D
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deficiency can lead to inadequate calcium absorption,
compromising bone and tooth development. Protein is
essential for the growth and repair of all tissues in the
body, including teeth and bones. It provides the amino
acids necessary for building and maintaining the
structural components of these tissues. Protein
deficiency can impair tooth development, leading to
enamel defects and delayed eruption. Assessing
overall dietary patterns and micronutrient intake can
provide a more comprehensive understanding of the
nutritional influences on tooth eruption. It can help to
identify  potential synergistic or antagonistic
interactions between nutrients, revealing a more
complete picture of how dietary factors contribute to
dental health. Socioeconomic status (SES)
encompasses a range of factors, including income,
education, and occupation. These factors can
significantly influence dietary habits and access to
nutritious foods. Children from lower socioeconomic
backgrounds may face greater challenges in accessing
a balanced diet rich in essential nutrients, including
phosphorus. Families facing financial constraints may
struggle to afford nutritious foods, relying on cheaper,
less healthy options that may be lower in essential
nutrients. In some communities, access to
supermarkets and grocery stores stocking fresh
produce and other nutrient-rich foods may be limited.
This can make it challenging for families to obtain the
ingredients necessary for a balanced diet. Families
may lack the knowledge and resources to make
informed food choices. Nutritional education programs
can play a crucial role in empowering families to make
healthier choices for themselves and their children.
Exploring the potential impact of socioeconomic status
on the relationship between phosphorus intake and
tooth eruption can provide valuable insights for
targeted interventions. Public health programs aimed
at improving access to nutritious foods and providing
nutritional education can help to address disparities
in oral health and ensure that all children have the

opportunity to achieve optimal dental development.18-

20

4. Conclusion

This study strengthens the claim that phosphorus
intake is necessary for the optimal eruption of teeth,
mainly canines, in children. The observed difference in
phosphorus intake between children with normal
eruption times and those with teeth that erupted later
also shows the level of phosphorus intake that is
necessary for development. The median phosphorus
level recorded in the delayed eruption group of 440.00
mg compared to 597.30 mg recorded in the normal
eruption group shows how malnutrition also aids in
stunted dental development. From a practical
perspective, this study indicates the strengthening of
policy with a focus on including nutrition-related
factors when providing dental care for children in
high-malnutrition areas. As a preventive measure,
health campaigns should include strategies to educate
people regarding phosphorus-containing food and
nutrition education in schools aimed at combating
nutritional deficiencies causing delays in dentition.
This study, however important, has stated limitations
that make it necessary to evaluate the phosphorus
interactions with other dominant nutrients and to
conduct time-scale studies for a better understanding

of the dietary determinants in the formation of teeth.
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