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ABSTRACT:

Background - Bone is constantly renewed by the coordinated action of osteoblasts and osteoclasts. Osteocytes have a

prominent role in the onset of bone remodelling at selected sites of the skeleton.

Aim - The aim of the present study is to assess the knowledge about histology of bone among undergraduates.

Materials and Methods - This study is a questionnaire based survey to evaluate the knowledge about histology of bone among

undergraduates. The data collected through google forms and analysed using SPSS software version 23.

Results -The present study includes 116 participants. 45% were first year 16% were second year, 16% were third year, 16%
were fourth year and 5% were interns. Majority (14%) were the first years who were aware about the histology of bone when
compared to second (9%), third (7%), fourth year( 5%) and interns (1%) . Pearson chi square test was done and the p value is

0.017 and hence it is statistically significant.

Conclusion -The first year students have adequate knowledge when compared to other students. The knowledge gap can be
fulfilled by effective learning through innovative theory and practical sessions to help students to know better about bone

histology.
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INTRODUCTION

Bone is the primary structure of the human skeletal system.It is composed mainly of type-I collagen and
inorganic salts. It protects vital organs like the skull, vertebra, ribcage and provides mechanical
support.Bones are regarded with different shape, size , and location.Bone is composed of four different
cell types. They are osteoblast , osteocytes , osteoclasts and bone lining cells. Osteoblasts, bone lining
cells and osteoclasts are present on the bone surface and are called progenitor cells. Osteocytes
permeate the interior of the bone and are produced from fusion of mononuclear blood-borne precursor
cells. Bone resorption is the process by which bones are absorbed and broken down by the body. Bone
remodelling is a lifelong process and controls the reshaping and replacement of bone. Alveolar bone is

the part of the jaw that holds the teeth (1,2).

Bone helps in the formation of hematopoietic cells. Osteocytes survive for decades and are
called the longest lived cells. The skeleton has an important role as a reservoir of minerals such as
calcium and phosphate which can be released when demands are increased in the body and in
maintaining serum homeostasis. These conventional functions of the skeleton depend on the

homeostasis of bone itself (2,3).

Histology is the study of tissues, including their role in the body , their anatomy, their interaction
with body systems and the ways they are affected by disease. The knowledge about histology of bone
among first year students plays a vital role in incorporating better understanding. This microlevel
perspective on biology and medicine can seem tedious, and some students may be frustrated and eager
to move on to more generalized approaches to anatomy. Histology knowledge aids students in
understanding the production of complex organs and organ systems. Students gain a better
understanding of how organs and organ systems grow and evolve over time by examining tissue from
humans and animals with complex organs. However, nothing else in biology makes sense without a
knowledge of histology (4). Our team has extensive knowledge and research experience that has
translated into high quality publications (5-24). Thus, the aim of the present study is to assess the

knowledge of undergraduate students about bone histology.
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MATERIALS AND METHODS :

This cross-sectional study was conducted in a private medical college among undergraduates in chennai,
from January 2021 to February 2021. 116 participants were included in this study. The participants were
among first year, second year, third year and fourth year. A set of questionnaires was circulated among
undergraduates through online surveys. Data are presented as mean standard deviation. Categorical
variables are expressed as count and percentages . Continuous data were compared by using
independent samples using descriptive frequency. Chi square tests were performed to determine
significant factors associated with gender and education among undergraduates. Odd ratios (OR) with
95% confidence intervals were used for comparisons. P value of < 0.05 was considered statistically
significant. All analyses were performed using the SPSS software version 23. 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.

RESULTS :

The present study has observed that out of 116 study participants and among them 45% were first year
16% were second year, 16% were third year, 16% were fourth year. Only 29.57% of the population were
aware that osteon is the unmineralised bone matrix (Figure 1). According to the study, 25.22% of the
population were aware that periosteum is the fibro collagen layer surrounding the compact bone
whereas 29.57% ( haversian canal) , 34.78% (endosteum) and 10.43% (osteon) were unaware about the
fibro collagen layer ( Figure 2 ). Majority (34.78%) of the population were aware that the labelled parts
are osteoclast and osteoblast (Figure 3). As shown by the study majority (48.70%) of the population
were aware that reversal line marks the cessation of resorption ( Figure 4). Only 26.96% of the
population are aware about the osteon whereas 18.26% (hemopoietic tissue), 20.00% (trabeculae) and
34.78% (reversal line) were unaware about the osteon (Figure 5). Majority (43.48%) of the population

were aware that the multinucleated cell is osteoclast (Figure 6).

In our present study, the majority (40.00%) of the population were aware that 25 years is the
average half life of human osteocytes (Figure 7). In the same study only 29.57% of the population were
aware that canaliculi form channels of osteocyte lacunae (Figure 8). And, 27.83% of the population
were aware that the bone shown is both compact and cortical bone (Figure 9) and 16.52% of the
population were aware that osteoblasts are responsible for synthesis and secretion of bone matter

(Figure 10). Majority (30.43%) were the first years who were aware about the reversal line when
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compared to second (5.22%), third (5.22%), fourth year (2.61%) and interns (1.74%) . Pearson chi square
test was done and the p value is 0.015 and hence it is statistically significant (Figure 11). According to
the study, the majority (14.78%) were the first years who were aware of the average half life of human
osteocytes when compared to second (9.57%), third (7.83%), fourth year (5.22%) and interns (0.87%).
Pearson chi square test was done and the p value is 0.017 and hence it is statistically significant (Figure
12). Finally, in this survey, (Figure 13) majority (6.09%) were the first years who were aware about the
osteoblast are responsible for synthesis and secretion of bone matter when compared to second
(1.74%), third (2.61%), fourth year (1.74%) and interns (0.87%). Pearson chi square test was done and

the p value is 0.015 and hence it is statistically significant.

The association between year of study and the question regarding osteoblast was evaluated using
pearson chi square test and found out that first years were more aware about osteoblast and bone
secretion when compared to other years and the p value is 0.015 and hence it is statistically significant

(Figure 13)

Fig1
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Which of the following do you think is the unmineralized bone matrix where
active bone formation takes place ? B periosteum

B endoseum

[Josteaid

M circumferential lamella

In Fig 1, Pie chart shows the percentage of response for unmineralised bone matrix. Blue denotes
periosteum, Green denotes endosteum, yellow denotes osteoid and purple denotes circumferential
lamellae. Only 29.57% of the population were aware that osteon is the unmineralised bone matrix
whereas 34.78% (periosteum), 25.22% (endosteum) and 10.43% (circumferential lamellae) were

unaware about the unmineralised bone matrix.

Fig 2
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Which of the following do you think is the fibrocollagen layer surrounding the
compact bone? M periosteum

B haversian canal

B endosteum

[Josteoid

In Fig 2, Pie chart shows the percentage of responses for fibro collagen layer. Blue denotes periosteum
Red colour denotes Haversian canal, green colour denotes endosteum and yellow colour denotes
osteoid. Only 25.22% of the population were aware that periosteum is the fibro collagen layer
surrounding the compact bone whereas 29.57% (haversian canal), 34.78% (endosteum) and 10.43%

(osteon) were unaware about the fibro collagen layer surrounding the compact bone.

Fig 3
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which of the following do you think is labelled below?

A- osteoclast | B-
.nstenhlast

B 2- bone B- osteohlast
Ol A- osteoclast B- bone

.A- cement plate B-
bone

In Fig 3, Pie chart shows the percentage of responses for the labelled parts. Orange colour denotes
osteoclast and osteoblast, Grey colour denotes bone and osteoblast, Pink colour denotes osteoclast and
bone and dark green colour denotes cement plate and bone. Majority (34.78%) of the population were
aware that the labelled parts are osteoclast and osteoblast whereas 22.61%

(bone and osteoblast) , 26.96% (osteoclast and bone) and 15.65% (cement plate and bone ) were

unaware about the labelled parts.
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Which line do you think is irregular and marks the cessation of resorption?
B =versal line
O resting line

M hoth

DHDHE

In Fig 4, Pie chart shows the percentage of responses for the reversal line. Dark blue colour denotes
reversal line , light blue colour denotes resting line , black colour denotes both and white colour denotes
none . Majority (48.70%) of the population were aware that reversal line marks the cessation of
resorption whereas 23.48% (resting line), 17.39% (both) and 10.43% (none) were unaware about the

reversal line.

Fig 5
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which of the following do you think Haversian canal and concentric lamella
together is known as? Ol hemopoietic tissue

B irabeculas

M reversal line

Closteon

In Fig 5, Pie chart shows the percentage of responses for osteon. Peach colour denotes hemopoietic
tissue, light violet colour denotes trabeculae, dark blue colour denotes reversal line and yellow colour
denotes osteon. Only 26.96% of the population are aware about the osteon whereas 18.26%

(hemopoietic tissue), 20.00% (trabeculae) and 34.78% (reversal line) were unaware about the osteon.

Fig 6
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Which of the following do you think is multinucleated cell?

B =ndosteum

B vclkmans canal
[l osteaid

O osteoclast

In Fig 6, Pie chart shows the percentage of responses for multinucleated cells. Green colour denotes
endosteum, brown colour denotes volkmann's canal, yellow colour denotes osteoid and light green
colour denotes osteoclast. Majority (43.48%) of the population were aware that the multinucleated cell
is osteoclast whereas 20.00% (endosteum), 21.74% (volkmann's canal) and 14.78% ( osteon ) were

unaware about the multinucleated cell.

Fig 7
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Which of the following do you think will be the average half life of human
osteocytes ? (150 years

115 years

(125 years

B 10 years

In Fig 7, Pie chart shows the percentage of responses for human osteocytes. Sky blue denotes 50 years,
light grey colour denotes 15 years , crison green colour denotes 25 years and dark yellow denotes 10
years. Majority (40.00%) of the population were aware that 25 years is the average half life of human
osteocytes whereas 12.17% (50 years), 30.43% (15 years ) and 17.39%

(10 years) were unaware about the average half life of human osteocytes.

Fig 8
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Which of the folowing do you think form channels of narrow extennsions of
osteocytic lacunae?

M canaliculi
Miinining cells
M cirumferential lamella

In Fig 8, Pie chart shows the percentage of responses for canaliculi. Maroon colour denotes canaliculi,
Indigo colour denotes lining cells and purple colour denotes circumferential lamellae. Only 29.57% of
the population were aware that canaliculi form channels of osteocyte lacunae whereas 26.96% (lining

cells) and 43.48% ( circumferential lamellae) were unaware about canaliculi.

Fig 9
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Which bone do you think is shown below ?

B compact bone
Ulcortical bone
M hoth

DHDHE

In Fig 9, Pie chart shows the percentage of responses for the bone shown .Crimson red colour denotes
compact bone, light yellow colour denotes cortical bone, black colour denotes both and white colour
denotes none. Only 27.83% of the population were aware that the bone shown is both compact and
cortical bone whereas 25.22% (compact bone), 33.91% (cortical bone) and 13.04% (none) were unaware

of the bone shown.

Fig 10
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Which cells do you think are responsible for the synthesis and secretion of bone
matter Mosteoclast

osteoblast

B periosteum

(losteoid

In Fig 10, Pie chart shows the percentage of responses for bone matter. Light green colour denotes
osteoclast, coral colour denotes osteoblast, blue colour denotes periosteum and yellow colour denotes
osteoid. Only 16.52% of the population were aware that osteoblast are responsible for synthesis and
secretion of bone matter whereas 20% (periosteum), 20.87%

(osteoclast) and 42.61% (osteon) were unaware about the synthesis and secretion of bone matrix.

Fig 11
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Which line
do you
50 think is
irreqular
and marks
the
cessation
of
resorption?

M reversal line
B resting line
O bath

M rone

Percentage of response

first year second year third year fourth year interns

Year of study
Errar Bars: 95% Cl

Fig 11 : Bar graph represents the association between year of study and the respondents who were
aware about the reversal line. X-axis represents the year of study and y-axis represents the percentage
of responses overall. Dark Blue colour depicts reversal line ,light blue colour denotes resting lines, black
colour denotes both and white colour denotes none. Reversal line was the most commonly marked the
cessation of resorption by all year. Majority (30.43%) were the first years who were aware about the
reversal line when compared to second (5.22%), third (5.22%), fourth year (2.61%) and interns (1.74%).

Pearson chi square test was done and the p value is 0.015 and hence it is statistically significant.

Fig12

8940



Nat. Volatiles & Essent. Oils, 2021; 8(4): 8926-8948

What do
you think
40— will be the
average half
life of
human
Dsten?cytes

M 50 years
B 15 years
Ozs Years
W10 years

Percentage of response

first year second year third year fourth year interns

Year of study

Errar Bars: 95% Cl

Fig 12: Bar graph represents the association between year of study and the respondents who were
aware about the average half life of human osteocytes. X-axis represents the year of study and y-axis
represents the percentage of responses overall. Sky Blue colour depicts 50 years , light grey colour
denotes 15 years, crimson green colour denotes 25 years and dark yellow colour denotes 10 years.25
years was the most commonly marked as the average half life of human osteocytes by all year. Majority
(14.78%) are the first years who were aware about the average half life of human osteocytes when
compared to second (9.57%), third (7.83%), fourth year (5.22%) and interns (0.87%). Pearson chi square

test was done and the p value is 0.017 and hence it is statistically significant.

Figl3
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Which cells
do you think
40 are
responsible
ar the
synthesis
and
secretion of
bone matter

M ostecclast
B ostecblast
O periosteum
M osteoid

o]
=1
1

Percentage of response
¥
1

10

T
first year second year third year fourth year interns

Year of study
Errar Bars: 95% Cl

Fig 13: Bar graph represents the association between year of study and the respondents who were
aware about osteoblast. X-axis represents the year of study and y-axis represents the percentage of
responses overall. Light green colour depicts osteoclast ,coral colour denotes osteoblast, blue colour
denotes periosteum and yellow colour denotes osteon. Majority (6.09%) are the first years who were
aware about the osteoblast are responsible for synthesis and secretion of bone matter when compared
to second (1.74%), third (2.61%), fourth year (1.74%) and interns (0.87%). Pearson chi square test was

done and the p value is 0.015 and hence it is statistically significant.

DISCUSSION :
In our present survey, the majority of students' responses were from their first year (14.78%), pursued
by their second (9.57 %), third (7.83 %), fourth year (5.22 %) and interns (0.87%). This study found that

6.09%% of first-year students were aware of osteoblast, followed by 1.74% of second-year students,
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2.61% of third-year students,1.74% of fourth- year students and 0.87% of interns students. As a result of

the current study, it is evident that first-year students are more aware of the histology of bone.

The most prevalent cell type in bones is osteocytes. In adult human bones, there are roughly ten times
as many osteocytes as osteoblasts, and the number of osteoclasts is only a fraction of the number of
osteoblasts (25,26). Bone turnover, when osteoclasts resorb bone and liberate osteocytes, is likely to
have a substantial role in osteocyte lifespan (27). If the bone in which they live has a sluggish turnover
rate, osteocytes can have a decade-long half-life (28,29). Osteocytes have an average half life of 25
years. In the present study, 40% of the population have knowledge about the average half life of human

osteocytes and 43.48% of the population were aware that the multinucleated cell is osteoclast.

The reversal line separates the onset of osteoblast activity at a remodelling location in bone from the
cessation of osteoblast activity (30,31). It's a connection between bone segments that were developed
at separate times. The reversal line, we believe, carries regulatory signals that control osteoblast activity
in part (32). In the present study, 48.70% of the population have knowledge about the reversal line that

marks cessation of resorption.

Compact bone is also known as cortical bone. Compact bone forms the cortex and hard outer hard shell
of most of the bones in the body. On the periosteal, endosteal, and haversian canal surfaces, cortical
bone is altered. The periosteal surface is in charge of bone width expansion. Periods of bone resorption
alternate with phases of bone growth in the endosteum. The overall thickness of the bone cortex is
determined by the combined actions of the periosteum and endosteum (33). In the present study ,
25.22% of the population have knowledge about compact bone, 33.91% of the population have
knowledge about cortical bone and 27.83% of the population have knowledge about both. 25.22% of

the population have knowledge that fibro collagen layer surrounds the compact bone.

Osteons (the Haversian system) are cortical bone structural and functional units. The osteon structure,
which includes osteocytes, lamellae, the lacuno canalicular network and Haversian canals has been
proven to play a significant role in bone mechanics and turnover in recent years. Cortical bone
regeneration requires the restoration of the osteon structure (34,35). In the present study, 26.96% of
the population have knowledge that haversian canal and concentric lamellae together is known as

osteon and on our study 29.57% of the population also have adequate knowledge that osteon is the
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unmineralized bone matrix where active bone formation takes place. The sample size was small and
more sample size would be beneficial to assess the knowledge about histology of bone 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 :

It is concluded that first year students when compared to other years were more aware about histology
of bone from the study. This knowledge gap can be minimised by conducting more pictorial lectures and
giving innovative handworks on histology of bone for the students to make them understand the subject

in depth.
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