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Abstract

Background : Tooth development is a very complex process involving many growth factors. The morphological stages of
tooth development includes bud stage, cap stage, bell stage and advanced bell stage.

Aim: The aim of the present study is to assess the knowledge on tooth development among undergraduates.

Materials and methods : This is a questionnaire based cross sectional study performed among 113 dental UG students in a
private dental college. The data was collected and analysed using SPSS software version 23.

Result: In this study, 26% were first year, 31% were second year, 18% were third year, 2% were fourth year and 23% were
interns. An association graph was done between the year of study and the number of responses for the question. Majority
(23%) were the second years who were aware about the development of teeth when compared to first (19%), third (2%),
fourth year (1%) and interns (8%). Pearson chi square test was done and the p value is 0.003 and hence it is statistically
significant.

Conclusion: The second year undergraduate dental students had much knowledge about tooth development compared to
first, third, fourth and interns. Further reinforcements with activity based learning can establish better knowledge in the
subject among undergraduate dental students.
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Introduction

Development of teeth occurs in the 6th week of intrauterine life with the formation of a primary
epithelial band which divides into a lingual process called dental lamina and a buccal process called
vestibular lamina (1). The odontogenic cells continue to proliferate, forming swellings called enamel
organs in areas where teeth are going to form. All deciduous teeth arise from this dental lamina, later
the permanent successors arise from its lingual extension and the permanent molars from its distal
extension(2). The tooth germ consists of an enamel organ, dental papilla and dental follicle (3). The
enamel is formed from the enamel organ, the dentin and pulp from dental papilla and the supporting
tissues (cementum, periodontal ligament and the alveolar bone) from the dental follicle (4).

The stages of tooth formation may be classified as the bud, cap and the bell stage based on
the shape of the enamel organ (5). The peripheral cuboidal cells that line the convexity of the enamel
organ are called the outer enamel epithelium while those lining the inner concavity are called the
inner enamel epithelium (6). The star shaped cells in the center forming a network are called stellate
reticulum which is a shock absorber (7). The stratum intermedium consists of two or four rows of
squamous cells which help in enamel formation (8). The junction of inner and outer enamel epithelium
is called the cervical loop which marks the future cemento enamel junction (9).

The commencement of mineralization and root formation occur during the advanced bell
stage (10). Hertwig's epithelial root sheath outlines the future root and thus responsible for the shape,
length, size and number of roots (11). The development of the roots begins after enamel and dentin
formation has reached the culture cemento enamel junction (12). The outermost dental follicle cells
differentiate into osteoblast forms the alveolar bone and the tooth develops within the bony crypt
(13). It is necessary for the dental students to know the development of teeth which remains the
platform for basic histology (14). Also, our team has extensive knowledge and research experience
that has translated into high quality publications (15-31). Thus, the aim of the present study is to
assess the knowledge on tooth development among undergraduates.

Materials and methods

A descriptive cross sectional study was done to analyse the knowledge of tooth development
among the dental students from a private dental college. A self administered questionnaire consisting
10 questions regarding the tooth development was prepared and distributed among the students
through google docs and received 113 responses. The responses were collected and tabulated in the
excel sheet and analysed using SPSS version 23 and the results were represented in a pie chart and
cross tabs. Chi square test was used to analyze and comparative bar graphs were plotted and it is
statistically significant only if the p value is less than 0.05

The questionnaire for the study is below;
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Which of the following do you think Dental papilla gives rise to?
Pulp and periodontal ligament

Pulp and dentin

Cementum

e o 0 o +~

Only dentin

N

Which of the following cells are responsible for the formation of Hertwig's epithelial root
sheath?

Outer and inner enamel epithelium

Stratum intermedium

Stellate reticulum

Hyaline layer of hopewell smith

Signs of developing teeth are seen in which period of the gestation?
2nd week 1U

6th week IU

9th week IU

e o o W

Do you know the given image?
Cap stage

Bell stage

Advanced bell stage

e o 0o o »

Bud stage

5. Which of the following remnants are cell rests of malassez?

e Cervical ameloblasts
e Root sheath
e Dental papilla

6. Which of the following are formed from the dental sac?
® Root sheath

e Dental pulp

e Cementum and periodontal ligament

® Periodontal ligament

. Dental lamina is active up to which year ?
1year

7

[ J

e 3years
e Syears
[ J

8 years
8. Which of the following is the main function of ectodermal cells?

e Determination of shape and crown of root
e Formation of cementum
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e Bud stage

e Formation of enamel

9. Which type of cells forms the enamel?
e Odontoblasts

® Ameloblasts

e Ectodermal cells

10. Can you find the developing stage of the given picture?
e Bell stage

e (Capstage

e Advanced bell stage

e Bud stage

Results

In the present study, the responses were collected from the undergraduate dental students. And
26.55% of the respondents were first year 32.86% of the respondents were second year, 18.58% of
the respondents were third years and 18.58% were from fourth year, 20.35% of the respondents were
from fifth year (figure 1). According to the study, 61.95% of the respondents were aware of dental
papilla (figure 2). In our study, 52.21% of the respondents were aware about the formation of
hertwig's epithelial root sheath (figure 3). In our study, 51.33% of the participants were aware about
the developing period of the tooth (figure 4). According to our study, 63.72% were aware about the
cap stage (figure 5) and 67.26% of the participants were aware about cell rest of malassez (figure 6).
In the present study, 60.18% were aware that cementum and periodontal ligament is formed from
dental sac (figure 7).

In the present study, only 30.97% were aware that dental lamina is active upto 5 years (figure 8).
In the same study, 60.18% of the participants were aware about the function of ectodermal cells
(figure 9). In the present study, 87.61% of the participants were aware about the formation of enamel
(figure 10). Then, 41.59% were aware of the advanced bell stage (figure 11). The association between
the year of study and the number of responses for the cell layers in Hertwig’s epithelial root sheath
yields a p value of 0.015 and majority of the second year (20.35%) students were aware that Hertwig's
epithelial root sheath is made up of outer and inner enamel epithelium when compared to first
(1.77%) third (11.50%) fourth (1.77%) and fifth (7.08%) and it was statistically significant (figure 12).
The association between the year of study and the number of responses for the period of tooth
development in the gestation yields a p value of 0.003 and hence it is statistically significant where the
majority of second year students (20.35%) had more knowledge about the developing stage of teeth
compared to first (16.81%), third (15.93%), fourth (0.88%) and fifth (13.27%) years of dental students
(figure 13). The association between the year of study and the percentage of responses for derivatives
of cell rests of Malassez is evaluated using Pearson chi square test yields a p value of 0.023 and it is
concluded that second year students were aware of cell rest of malassez compared to first, third,
fourth and fifth year dental students (figure 14).
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year

B 1 st yeor
B 2nd year
Clard yeur
W ath year
Cl5th yem

Fig 1. Pie chart depicts the percentage of responses of undergraduate dental students. Blue denotes
the percentage of respondents from the first year (30%), green denotes second year (36%), beige
denotes third year (21%), purple denotes fourth year (3%), yellow denotes fifth year(23%)
respectively. Majority (31.86%) of the participants were from second year, 26.55% were first year,
18.58% were from third year, 2.65% from fourth year and 20.35% were from fifth year.

which of the following do you think dental papilia gives rise to?

Fig 2. Pie chart represents the percentage of responses for the question about dental papilla. Here
blue indicates pulp and periodontal ligament, green indicates pulp and periodontal ligament, purple
indicates only dentin, and beige indicates only cementum. Majority (61.95%) of the population were
aware, whereas 30.09% (pulp and periodontal ligament), 7.08% (cementum) and 0.88% (only dentin)
were unaware about derivatives of dental papilla.
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which of the following cells are responsible for the formation of hertwigs epith

M stratum ntermedium
.ouet and inner enamel
eptheiium

O stetlate reticutum
hyaline er of well
WDyl ever of hope

Fig 3. Pie chart represents the percentage of responses regarding the formation of hertwig's epithelial

root sheath. Blue indicates stratum intermedium, green indicates outer and inner enamel epithelium,

purple indicates hyaline layer of hopewell smith and beige indicates stellate reticulum. Majority

(52.21%) of the participants were aware whereas 27.43% (hyaline layer of hopewell smith), 12.39%

(stratum intermedium) and 7.96% (stellate reticulum) were unaware about the formation of root.
signs of developing teeth are seen in which period of the gestation?

W 2nd week of U

B 5th week of IU
Dl sth week of U

Fig 4. Pie chart represents the percentage of responses regarding the first appearance of teeth. Blue
indicates the 2nd week of 1U, green indicates the 6th week of IU and beige indicates 9th week of IU.
Majority 51.33% of the participants were aware whereas 47.79%
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(2nd week of 1U), 0.88% (9th week of IU) were unaware about the formation of teeth during gestation.

can you identify the given picture?

el stage
Bl cap stage
) advanced bell stage
W bud stage

Fig 5. Pie chart represents the percentage of responses for the given picture. Green indicates cap
stage, blue indicates the bell stage, purple indicates bud stage and beige indicates advanced bell stage.
Majority 63.72% (cap stage) of the participants were aware whereas 14.16% (bud stage), 13.27%
(advanced bell stage) and 8.85% (bell stage) were unaware that the given picture was the cap stage
of tooth development.

which of the following remnants are cell rests of malassez?

B cervical ameloblasts

B root sheath
Cl contal papiila

Fig 6. Pie chart shows the percentage of response for the Cell rest of malassez. Beige indicates root
sheath, green indicates dental papilla and blue indicates cervical ameloblasts. Majority (67.26%) of
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the participants were aware whereas 24.78% (dental papilla) and 7.96% (cervical ameloblasts) were

unaware that remnants of Hertwig’s epithelial root sheath are cell rests of Malassez.
which of the following are formed from the dental sac?

Fig 7. Pie chart shows the percentage of responses for derivatives of Dental sac. Green indicates
cementum and periodontal ligament, beige indicates dental papilla and blue indicates root sheath.
Majority (60.18%) of the participants were aware whereas 27.43% (dental papilla) and 12.39% (root

sheath) were unaware that cementum and periodontal ligament is formed from the dental sac.

dental lamina is active upto which year?

B year
B3 yeors
Cls years
s years

Fig 8. Pie chart shows the percentage of responses for the active period of dental lamina. Blue
indicates 1 year, green indicates 3 years, beige indicates 5 years and purple indicates 8 years. Only
(30.97%) of the participants were aware whereas 32.74% (8 years), 21.24% (1 year) and 15.04% (5
years) were aware about the active period of dental lamina.
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which of the following is the main function of ectodermal cells?

B tormation of cementum
.dﬂum of crown and
root

bud stage
formation of enamel

Fig 9. Pie chart shows the percentage of responses for the function of ectodermal cells. Blue indicates
formation of cementum, purple indicates determination of crown and root, beige indicates bud stage
and green indicates formation of enamel. Majority (60.18%) of the participants were aware whereas
33.63% (formation of cementum), 5.31% (bud stage) and 0.88% (determination of crown and root)
were unaware about the function of ectodermal cells.

which type of cells forms the enamel?

Fig 10. Pie chart shows the percentage of response for cells that form enamel. Green indicates
ameloblasts, blue indicates odontoblasts and beige indicates ectodermal cells. Majority (87.61%) of
the participants were aware whereas 11.05% (odontoblasts) and 0.88% (ectodermal cells) were not

aware about enamel formation.
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which stage of developing tooth is given in the picture?

W ven stage
B cop stage
Cl advanced bell stage

Fig 11. Pie chart shows the percentage of response for the identification of the picture. Blue indicates
bell stage, beige indicates bell stage and green indicates cap stage. Majority (41.59%) of the
participants were aware whereas 40.71% (bell stage) and 17.70% (cap stage) were unaware that the
given picture is an advanced bell stage of tooth development.

Which of thae following

cells are responsible
40— for the formation of
hertwigs epithelium?
Onter andd iner snemel
epaheium

Stratum intermedium
Stellate reticulum

gya.\e layeor of Hopewesll
20— Slh

Percentage of responses

10

w]d

First yoor Second year Third year Fourth year Fifth year
Year of study

Fig 12. The bar graph depicts the association between the year of study and the number of responses
for the cell layers in Hertwig’s epithelial root sheath. X- axis represents the year of study and Y- axis
represents the percentage of response. Green colour represents outer and inner enamel epithelium,
blue colour represents stratum intermedium, beige represents stellate reticulum and purple colour
represents the hyaline layer of hopewell smith. Majority of the second year (20.54%) students were
aware that Hertwig's epithelial root sheath is made up of outer and inner enamel epithelium when
compared to first (1.79%) third (10.71%) fourth (1.79%) and fifth (7.14%). The second year students
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had more knowledge about root formation. This difference was statistically significant. (chi square
value p = 0.015)

Signs of
developing
401 teeth are
saen in which
period of the

gestation?

2nd week of IU
Sth week of I
3 9th week of IU

Percentage of responses

First yoar  Second year  Third year Fourth year Fifth year
Year of study

Fig 13. The bar graph depicts the association between the year of study and the number of responses
for the period of tooth development in the gestation. The X- axis represents the year of study and the
Y- axis represents the percentage of respondents to the question. Green colour represents the 2nd
week of U, blue colour represents the 6th week of IU which is the correct answer, beige colour
represents the 9th week of IU. The majority of second year students (20.54%) had more knowledge
about the developing stage of teeth compared to first (16.96%), third (1.79%), fourth (0.89%) and fifth
(7.14%) years of dental students. The difference was statistically significant (chi square value p =
0.003).

VWhat 1s formed
from the caell

S0 rasts of
malassez?

Cae vical smelobinst

Moot sheah

Dot al paogillon

“w
- 30—
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== 20—
£
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e
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Year of study
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Fig 14. The bar graph depicts the association between the year of study and the percentage of
responses for derivatives of cell rests of Malassez. The X- axis represents the year of study and the Y-
axis represents the percentage of respondents for derivatives of cell rest of malassez. Blue colour
represents cervical ameloblasts, beige colour represents root sheath which is the correct option,
green represents the option dental papilla and purple represents enamel. Majority of the second
(24.11%) year students had more knowledge regarding the derivatives of cell rests of malassez
compared to first (20.54%), third (7.14%), fourth (1.79%) and fifth (14.29%) year dental students. The
difference was statistically significant (chi square value p = 0.023).

Discussion

In our present study, majority of the second year (20.35%) students were aware that Hertwig's
epithelial root sheath is made up of outer and inner enamel epithelium compared to first (1.77%) third
(11.50%) fourth (1.77%%) and fifth (7.08%). The second year students had more knowledge about root
formation. As a result of the current study, it is evident that second year students are more aware of
tooth development also the majority of the percentage was observed to be 23.89% for second year
students followed by 20.35% of first year students, 7.08% of third year students, 1.77% of fourth year
and 14.16% of interns. It is concluded that second year students were aware of cell rest of malassez
compared to other years of study.

There are four stages in the development of the tooth germ (15). These stages include Bud
stage,Cap stage, advanced bell stage and Late bell stage (16). Cap stage is the second stage of tooth
development and it is marked by the growth and expansion of the enamel organ, which results in the
formation of a concavity in its inner aspect (17). The inner enamel epithelium cells are columnar in
shape and define the shape of the crown and later differentiates into ameloblasts responsible for the
formation of enamel (18). The enamel organ has a surrounding fibrous capsule known as the dental
follicle, which later forms the periodontal ligament (19). This tooth germ is further developed than
those seen in the preceding images (20). The cells in the cervical loop area proliferate causing the rim
of the cap to grow deeper into the connective tissue (21). This transforms the shape of the dental
organ from a cap to a bell (22). The tooth germ in the given picture is considered to be the advanced
bell stage. The picture shows the increase in intercellular material in the stellate reticulum and the
elongation of the IDE cells into columnar cells. In the present study, 63.72% and 41.59% of the
participants were aware about the cap and advanced bell stage of tooth development (23).

The primitive dental sac, or dental follicle, which originates from odontogenic ectomesenchyme, is
part of the tooth germ and is physiologically involved in the formation of cementum, periodontal
ligament, and alveolar bone (24). It radiographically appears as thin pericoronal radiolucency,
considered normal by some authors when within 3 mm of thickness and by others when it is within
2.5mm of thickness (25). In the present study, 60.18% of the participants were aware that cementum
and periodontal ligament is formed from the dental sac.

Hertwig's epithelial root sheath is a bilayer sheath originating from the apical region of enamel
organ (26). It is important in guiding tooth root formation by differentiating into cementoblasts
through epithelial-mesenchymal transition (EMT) and inducing odontoblastic differentiation of dental
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papilla through epithelial-mesenchymal interaction (EMI) during the tooth root development (27).
Thus, HERS cells are critical for cementum and dentin formation and might be a potential cell source
to achieve tooth root regeneration (28). In the present study, 52.21% of the participants were aware
that outer and inner enamel epithelium forms the hertwig's epithelial root sheath.

The epithelial cell rest of malassez are resulting from cell fragmentation of the Hertwig epithelial
root sheath (HERS), an apical extent of internal and external epithelial enamel, which stimulates the
differentiation of ectomesenchymal cells into odontoblasts, secreting root dentin (29). Malassez was
the first to detail the histological characteristics of epithelial rests and their distribution in the
periodontal ligament (30). In longitudinal and transverse slices of human specimens, Malassez noted
the presence of epithelial cells that persisted around the roots (31). After the first descriptions made
by Malassez, other authors described the distribution of ERM and its relation to the dental elementin
a more detailed manner. These structures thus came to be known as the "epithelial rests of Malassez",
receiving the eponymous name of its principal investigator (32). In the present study, 67.26% of the
participants were aware that cell rests of malassez are the remnants of root sheath. The sample size
was small and more sample size would be beneficial to assess the knowledge about development of
teeth more accurately. The survey can be conducted in offline mode rather than online so that the
knowledge of the subjects could be analysed accurately. Equal number of male and female samples
can be evaluated without difficulty.

Conclusion

The present study assessed good knowledge among dental students about various stages and
formation of teeth. The second year undergraduate dental students had much knowledge about tooth
development compared to first, second, third, fourth and fifth year students. Further reinforcements
with activity based learning can establish better knowledge in the subject among undergraduate
dental students.
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