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Introduction

Dental pulp can be considered as the heart of a tooth. Its
composition is complex and consists of organic and inorganic
material, including connective tissue, blood vessels, and a
cluster of different types of cells.1Dental pulp has a significant
role in the integrity of the tooth, tooth vitality, providing the
tooth with nutrients through blood vessels, and aiding the
formation of dentin in the case of tissue damage through the
formation of odontoblast cells.2 The pulp is richly innervated
with different types of nerves, including sensory, sympathetic,
and parasympathetic nerve fibers. The sensory fibers have a
significant role as they act as an alarm system if there is an
inflammation or any pulp damage is present. Pain is mediated
mainlywith twodifferent sensoryfibers: A-deltafibers,which
aremyelinated andmoderately fast in conduction that convey
sharp pain and cold sensation, and C-fibers, which are nonmy-
elinated, slow in conduction, and convey dull pain.3

Dental caries represent one of the principal challenges to
the health of the dental pulp, although its treatment may
well exacerbate the challenge.4 A fundamental consideration
in pulp protection is recognizing that infection is a crucial
driver of inflammation, which often determines the out-
comes for pulp survival. Thus, the pulp always is likely to be
inflamed when bacteria from dental caries are present, and
their control should be a significant feature of any treatment
planning. Regarding the conventional intervention to treat
damaged pulp tissue, some drawbacks might affect the
prognosis of the tooth even if the root canal treatment is
done ideally. The tooth is mainly affected structurally as the
tooth is eliminated of living tissues, debrided of necrotic
dentin, and the canal spaces become widened, thus leaving
the tooth dehydrated and fragile. It is important for the pulp
to be healthy to perform its functions such as nutrient supply
to the teeth, dentine formation, sensing, defense, and other
physiological functions. The future of endodontics aims to
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Abstract With the advancements in tissue engineering, the repair and regeneration of
oral/dental tissue are becoming possible and productive. Due to periodontal diseases,
the tooth loses bone support resulting in tooth loss, but bone grafting stabilizes with
new bone. It is seen that due to the progression of dental caries, pulp damage happens,
and the vitality of the tooth is compromised. The current theme of dental pulp
regeneration through biological and synthetic scaffolds, is becoming a potential
therapy for pulp revitalization.
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ensure pulp vitalization by pulp tissue regeneration, using
xenograft-derived stem cells to accomplish cell proliferation
that could replace the diseased pulp tissuewith healthy ones,
regaining the structural and biological integrity of the pulp
and tooth structure.3,5,6

Maintenance of pulp vitality should always be the goal in
treatment planning, and considerable interest is developing
in the concept of regenerative endodontics for complete or
partial pulp tissue regeneration.7 A new pathway has been
opened due to advancement in regenerative medicine by
transplanting stem cells along with the growth factors and a
biological scaffold into the prepared pulp cavity. These stem
cells can proliferate and differentiate into various cells in the
pulp to achieve functional pulp regeneration.1,3,5 Basically,
regenerative endodontics has been pioneered by the experi-
mental studies of Nygaard-Ostby and Hjortdal, involving
induced bleeding from the periapical tissues into the che-
mo-mechanically debrided canal space of teeth, which was
partly filled with root filling.8

Regeneration is a process by which altered tissues are
entirely replaced by tissues native to their original architec-
ture and function.9 It is based on the concept of tissue
engineering technology that regenerates the dentine pulp
complex in the canal space of immature permanent teeth,
which could either be damaged by caries or trauma, and
restores development of the arrested tooth root.

Decellularization of Dental Pulp Tissue

Decellularization can be described as a procedure that aims
to remove cellular contents of a tissue, leaving the extracel-
lular matrix (ECM) free of antigens that could produce an
inflammatory reaction, thus reducing the risk of spread of
disease as well as leaving the tissue in its original three-
dimensional biostructure.10 The process of decellularization
is complex and can be achieved in different ways; it can be
done mechanically, chemically/enzymatically, or by com-
bining these methods. This is done to preserve the nano-
structure environment of fibrous and adhesive proteins,
which will aid in cell anchorage and regulate cellular
activities in the future. By doing so, we can achieve local
resident cell support, which can be a big step in
pulp/dentine tissue engineering. In ►Fig. 1, diagrammatic
representation of the decellularization of dental pulp tis-
sues for regenerative endodontics has been provided. There
are many procedures and protocols that are reported for the
decellularization of the dental pulp tissues, as mentioned
in ►Table 1.

It is also seen that regeneration of a pulp structure is
usually unlikely to be successful. Still, if basic principles of
tissue engineering are implementedwithin any regenerative
endodontic procedures, it may seem towork. Also, reviews of
regenerative endodontic procedures, knownas revitalization
procedures, have concluded that the outcomes are very
unpredictable.16 In ►Table 1, description of the decellulari-
zation process reported by the researchers for the extraction
of bioactive ingredients from dental pulp tissues of different
sources has been given.11–15

Recent discoveries in endodontic dentistry have proven
that the human dental pulp is capable of regeneration by
using the methods of decellularization by making use of the
dental pulp as a scaffold for the potential regeneration
process.9 The human dental pulp is known to contain a
variety of cells, primarily identified as stem cells that have
a potential to induce differentiation to multiple classes of
different cells, including osteoblasts, odontoblasts, neural
cells, and adipocytes. Decellularized extracellular matrix
(dECM) derived from either human or animal tissues has
been considered as a possible scaffolding medium for tissue
regeneration in present studies.11 A study has proven that
dECM extracted from dental pulps can stimulate differentia-
tion in periodontal ligament stem cells and in bone marrow,
stromal cells, without any other external contributing fac-
tors. Another study, done by Song et al, demonstrated that
the process of proliferation of dental pulp stem cells from the
apical papilla and their differentiation to odontoblastic cells
was assisted by the decellularized human dental pulp.14

On the other hand, they also found that the scaffold was
permanently fixed in shape. It was difficult to insert into
narrow and oblique canals of the roots, restricting their
potential advantage in clinical application, thus resulting
in limited success. Until now, there are no well-founded
scaffolds that canmimic the complex ECM of the dental pulp.
Therefore, it results in a challenge in producing a regenera-
tive microenvironment for stem cell differentiation. ►Fig. 2

discusses the benefits of using decellularized dental pulp
tissue matrix as a bioscaffold.

Conclusion

The dental pulp is a unique tissue that contains specialized
resident cells, stem cells, and immune cells that contribute to
the pulp’s defense strategy. It is seen that dental pulp has a

Fig. 1 Diagrammatic representation of the preparation of dental pulp
tissues for regenerative dentistry.

European Journal of Dentistry Vol. 16 No. 4/2022 © 2022. The Author(s).

Dental Pulp Matrix and Regenerative Endodontics Khurshid et al.738



Ta
b
le

1
D
ec

el
lu
la
ri
ze
d
de

nt
al

pu
lp

ti
ss
ue

m
et
ho

d
of

pr
ep

ar
at
io
n,

te
st
in
g
,
an

d
ou

tc
om

es
of

th
e
st
ud

ie
s

A
ut
h
or

an
d
ye

ar
So

ur
ce

of
sa
m
p
le

Pr
ep

ar
at
io
n/
Ex

tr
ac

ti
on

m
et
h
od

Ev
al
ua

ti
o
n
m
et
ho

d
Re

su
lt
an

d
ou

tc
o
m
es

Ba
kh

ti
ar

et
al

(2
02

1)
11

Bo
vi
ne

de
nt
al

pu
lp

•
Fr
es
h
de

nt
al

pu
lp

ti
ss
ue

ex
tr
ac

te
d
an

d
tr
ea

te
d
w
it
h
se
ri
es

of
ch

em
ic
al

tr
ea

tm
en

t
•
Se

ve
n
di
ff
er
en

tp
ro
to
co

ls
w
er
e
de

si
gn

ed
fo
r

de
ce
llu

la
ri
za
ti
o
n

•
H
is
to
lo
g
ic

an
al
ys
is
,D

N
A
co

nt
en

t
an

al
ys
is
,i
m
m
un

o
fl
uo

re
sc
en

ce
,

an
d
an

im
al

im
m
un

og
en

ic
it
y

te
st
in
g

•
A
ll
de

si
gn

ed
pr
ot
oc

ol
s
of

de
ce
llu

la
ri
za
ti
on

sh
ow

ed
th
e
re
du

ct
io
n
in

D
N
A
co

nt
en

t
•

Tw
el
ve

ho
ur
s
of

ED
TA

/t
ry
ps

in
tr
ea

tm
en

t
an

d
1
ho

ur
of

Tr
it
on

X
-1
00

tr
ea

tm
en

t
w
it
h

no
SD

S
sh
o
w
ed

go
od

re
su
lt
s
fo
r
us

in
g

bo
vi
ne

de
nt
al

pu
lp

xe
no

g
ra
ft

fo
r

en
do

do
nt
ic

re
ge

ne
ra
ti
on

Ba
kh

ti
ar

et
al

(2
02

0)
1

Bo
vi
ne

de
nt
al

pu
lp

•
Fr
es
h
pu

lp
ti
ss
ue

ex
tr
ac

te
d
fr
o
m

bo
vi
ne

te
et
h
an

d
w
as
he

d
•

Tr
ea

te
d
w
it
h
tr
yp

si
n,

ED
TA

,a
nd

SD
S

•
Ly
op

hi
liz
ed

an
d
st
or
ed

at
�2

0°
C

•
Ph

ys
io
ch

em
ic
al

an
al
ys
es
,
ce
ll

vi
ab

ili
ty
,
RT

-P
C
R

•
A
ni
m
al

st
ud

y

•
Sc

af
fo
ld
s
re
ve

al
ed

lo
w

im
m
un

o
lo
g
ic
al

re
sp
on

se
•

A
ng

io
g
en

es
is
en

ha
nc

ed
•

Bi
od

eg
ra
da

bi
lit
y
de

cr
ea

se
d

•
Bi
oc

om
pa

ti
b
ili
ty

in
cr
ea

se
d

Le
e
et

al
(2
02

0)
12

H
um

an
de

nt
al

pu
lp

•
Pu

lp
ex

tr
ac

te
d
an

d
w
as
he

d
w
it
h
dH

2
O

fo
r

1
ho

ur
•
Pu

lp
de

ce
llu

la
ri
ze
d
by

us
in
g
1%

Tr
it
on

X
-1
00

an
d
0.
1%

am
m
on

iu
m

hy
dr
ox

id
e
on

a
sh

ak
er

at
4°
C
.

•
Ly
op

hi
liz
ed

an
d
st
er
ili
ze
d
us

in
g
et
hy

le
ne

ox
id
e
ga

s

•
SE

M
,
M
ic
ro
-C
T,

ED
X

•
Bi
oc

he
m
ic
al
,
bi
om

ec
ha

ni
ca
l

•
V
EG

F
m
ea

su
re
m
en

t
an

d
hi
st
ol
o
gi
ca
la

na
ly
se
s

•
ED

X
re
ve
al
ed

th
e
hi
g
h
m
in
er
al
iz
at
io
n
in

th
e

pu
lp

m
at
ri
x
th
an

se
en

in
ca

lv
ar
ia
lb

on
e

•
Tr
ac
es

of
bl
oo

d
ve

ss
el
s
ob

se
rv
ed

in
ne

w
bo

ne
re
ge

ne
ra
te
d
w
it
h
D
PM

Li
et

al
(2
02

0)
13

H
um

an
de

nt
al

pu
lp

•
Ex
tr
ac

te
d
hu

m
an

de
nt
al

pu
lp

ri
ns

ed
w
it
h

he
p
ar
in
iz
ed

PB
S,

fo
llo

w
ed

by
th
e

de
ce
llu

la
ri
za
ti
on

pr
oc

es
s

•
Th

e
pu

lp
m
at
ri
x
is
th
en

ly
op

hi
liz
ed

,
po

w
de

re
d,

an
d
st
or
ed

at
�4

0°
C

•
Pr
ot
eo

m
ic

an
al
ys
is
,
ce
ll
cu

lt
ur
e,

ce
llu

la
r
be

ha
vi
or
al

as
se
ss
m
en

t,
di
ff
er
en

ti
al

in
d
uc

ti
on

,R
T-
PC

R,
an

d
w
es
te
rn

bl
ot
ti
ng

•
H
yd

ro
ge

l-d
er
iv
ed

m
at
ri
x
fr
om

hu
m
an

de
nt
al

pu
lp

sh
ow

ed
ce
ll
pr
o
lif
er
at
io
n,

m
ig
ra
ti
on

,
an

d
m
ul
ti
di
re
ct
io
na

l
di
ff
er
en

ti
at
io
n

A
lq
ah

ta
ni

et
al

(2
01

8)
9

Sw
in
e
de

nt
al

pu
lp

•
Pu

lp
ti
ss
ue

ex
ti
rp
at
ed

,f
ol
lo
w
ed

by
de

ce
llu

la
ri
za
ti
on

,
ti
ss
ue

ch
ar
ac

te
ri
za
ti
on

,
an

d
st
er
ili
za
ti
on

•
EL
IS
A
,
SE

M
,M

ic
ro
-C
T,

hi
st
ol
og

y,
Im

m
un

oh
is
to
ch

em
is
tr
y

•
D
ec

el
lu
la
ri
ze
d
pu

lp
EC

M
pr
ov

ed
th
e

st
ru
ct
ur
al

an
d
fu
nc

ti
o
na

li
nt
eg

ri
ty

fo
r

pr
ov

id
in
g
op

ti
m
um

m
ic
ro
en

vi
ro
nm

en
t
fo
r

de
nt
al

pu
lp

re
ge

ne
ra
ti
on

So
ng

et
al

(2
01

7)
14

H
um

an
de

nt
al

pu
lp

•
A
ft
er

re
m
ov

al
of

pu
lp

ti
ss
ue

s,
it
w
as

st
or
ed

in
co

ld
H
an

ks
’
ba

la
nc

ed
sa
lt
so

lu
ti
on

an
d

th
en

de
ce
llu

la
ri
ze
d

•
D
N
A
an

al
ys
is
,
hy

dr
ox

yp
ro
lin

e
qu

an
ti
fi
ca
ti
on

,
pr
ot
ei
n

ex
tr
ac

ti
o
n,

w
es
te
rn

bl
ot

an
al
ys
is
,

SE
M
,
RT

-P
C
R

•
Su

cc
es
sf
ul

de
ce
llu

la
ri
za
ti
on

of
hu

m
an

de
nt
al

pu
lp

ti
ss
ue

s
•

Bi
oc

om
pa

ti
b
le

sc
af
fo
ld
s
fo
r
th
e

pr
ol
ife

ra
ti
on

an
d
di
ff
er
en

ti
at
io
n
of

st
em

ce
lls

fr
o
m

ap
ic
al

pa
pi
lla

H
u
et

al
(2
01

7)
10

Sw
in
e
de

nt
al

pu
lp

•
Ex
tr
ac

te
d
pu

lp
ti
ss
ue

ri
ns

ed
w
it
h

he
p
ar
in
iz
ed

PB
S
fo
r
15

m
in
ut
es

an
d
th
en

pl
ac
ed

in
SD

S
fo
r
32

ho
ur
s

•
A
ft
er

w
as
hi
ng

,i
t
w
as

tr
ea

te
d
w
it
h
1%

Tr
it
on

X
-1
00

an
d
th
en

fi
na

ld
ec

el
lu
la
ri
ze
d
pr
o
du

ct
st
er
ili
ze
d
fo
r
fu
rt
he

r
in
ve

st
ig
at
io
n

•
SE

M
,
hi
st
ol
og

ic
al

an
d

im
m
un

o
st
ai
ni
ng

an
al
ys
is

Th
e
re
su

lt
sh

ow
s
th
at

de
ce
llu

la
ri
ze
d
sw

in
e

de
nt
al

pu
lp

m
ai
nt
ai
ns

EC
M

co
m
po

ne
nt
s
th
at

fa
vo

r
st
em

ce
ll
pr
ol
ife

ra
ti
on

an
d

di
ff
er
en

ti
at
io
n,

w
hi
ch

re
pr
es
en

ts
a
su

it
ab

le
bi
o
sc
af
fo
ld

fo
r
im

pr
ov

in
g
cl
in
ic
al

ou
tc
om

es
as

w
el
la

s
fu
nc

ti
o
ns

of
te
et
h
w
it
h
de

nt
al

pu
lp

di
se
as
es

(C
on

tin
ue

d)

European Journal of Dentistry Vol. 16 No. 4/2022 © 2022. The Author(s).

Dental Pulp Matrix and Regenerative Endodontics Khurshid et al. 739



substantial ECM that helps maintain the tissue’s integrity.
Due to their broad activity against a range of pathogens, it is
known that novel peptide-based therapeutics are more
effective against polymicrobial infections such as endodontic
infections. It is believed that it is possible to develop a
decellularized biocompatible biological scaffold containing
the native ECM structural components that are required for
tissue-specific regeneration. It is also seen that regenerative
endodontics opens exciting opportunities for the preserva-
tion of pulp vitality, which underwent episodes of trauma
and disease, and can encourage continued rootmaturation of
immature permanent teeth with necrotic pulp. Overall, it is
seen that the possibility to decellularize healthy dental pulp
does open new horizons in regenerative dentistry as these
decellularized tissues could help in serving as natural
scaffolds.
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