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ABSTRACT

Purpose: This study was carried out to evaluate the effect of biostimulation on the
regenerative response of immature teeth with necrotic pulp and apical periodontitis in
dogs. Materials and Methods: Seventy-two root canals were employed in the present
study as follows: Sixty root canals for experimental groups and twelve as positive and
negative controls. After the induction of pulp necrosis and apical periodontitis, roots
were divided into two groups, group I: Regenerative Endodontic Therapy (RET) with
subsequent biostimulation (seven sessions at 808 nm diode laser at output power of
300 mW for 90 seconds) and group II: RET without biostimulation. The groups were
followed up for 1,2 and 3 months (subgroups A, B&C). The maturation of the roots was
assessed both radiographically and histologically. All data were statistically analyzed.
Results: the application of biostimulation in group I demonstrated marked increase in
root length, thickness and decrease in apical diameter compared to group II however, it
was statistically significant only in subgroup C (12.43% versus 7.66%, 33.09% versus
17.81% and 38.12% versus 23.35 % at third month) respectively (p<0.05). Furthermore,
it showed histologically the highest score of vital tissue infiltration and least
inflammatory scores which was statistically significant. Conclusion: Biostimulation
enhanced the response of immature teeth with necrotic pulp and apical periodontitis to

regenerative endodontic therapy improving root maturation.
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INTRODUCTION

Pulp necrosis of immature permanent teeth
represents a considerable challenge for clinical
management as root development ceases and apices
remain open. Management of these immature teeth
represent a considerable challenge due to the thin
dentinal walls which represents low resistance to
fracture and lack of apical barrier which limits the
mechanical aspects of root canal preparation and
obturation”. Traditionally, these immature apices
were managed through long term multiple visits
apexification or more recent by single visit MTA
apexification®. Regenerative endodontic therapy
(RET) is considered a recent treatment modality for
the last two decades and has gained wide approval
and is performed nowadays routinely® and has
proven the continued root development through the
increase in both root canal length and dentinal wall
thickness®.

Three main components are involved in the
process of regeneration, these are stem cells,
scaffolds and bioactive/growth factors. Depending
on the source of stem cells either exogenous or
endogenous, RET can be categorized into cell based
or cell free RET®. Cell free or in other word cell
homing strategy was heavily reviewed through
literature and was approved by the European
society of endodontics and American association
of endodontics while they did not to date approve
stem cell transplantation®. Thus, all mechanisms
and techniques which involves stimulative effect on
endogenous stem cells would represents a beneficial
adjunctive that adds to the success of the whole
procedure.

Recently, laser application in endodontics
was well proven. Laser power can be classified
either into high power surgical uses or low power
biostimulative uses. The later has many synonymous
terms like low level laser therapy, low power laser
therapy, photobiomodulation, cold laser, soft laser

and laser therapy and they all refer to use of laser
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for therapeutic purposes at low power output”.
This includes the use of long wavelength mostly in
red and infrared range where it can cause favorable
cellular response as increased cellular proliferation
and mitochondrial activity and hence adopt its
improved inflammatory response®.

The synergistic power of biostimulation has
been approved in many applications as it reduced
post endodontic surgical pain and favored the bone
density®, enhanced osteointegration around imme-
diate implant placement compared to ozone thera-
py"? and enhanced wound healing'". In regenera-
tive endodontics, is worth to be mentioned that the
effect of biostimulation was highlighted where
large periapical lesion was associated with necrotic
immature incisor responded to the disinfection and
biostimulation protocol by 980 nm diode laser irra-
diation with accelerated healing rate'?. The radio-
graphic and histologic evaluation of regenerative
endodontic therapy when biostimulation is accom-
panied was not sufficiently revealed in the current
literature; hence the aim of the present study was to
evaluate the effect of biostimulation on the response
of immature teeth with necrotic pulp and apical
periodontitis to regenerative endodontic therapy.

The null hypothesis of this study was that there
was no enhancement in healing response of imma-
ture teeth with necrotic pulp and apical periodontitis
when using biostimulation.

MATERIALS AND METHODS

Approval for this study was obtained from the
research ethics committee in the Faculty of Dental
Medicine for Girls Al-Azhar University (REC-
EN-21-09). According to sample size calculation,
the number of selected teeth incorporated within
the study was set to be 72 teeth included in 6
dogs. The sample size was calculated based on the
criteria of 80% power of calculation and a level
of 0.05 by reviewing data from previous study!?.
Experiments were undergone at Govermmental
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Veterinary Hospital in Abbasia. A total of three
healthy male beagle dogs aged 5-6 months with
no sex predilection were included for this study. In
each dog, 12 incompletely formed roots of upper
and lower premolars were used to sum 72 root
canals. Each root was used as a unit of measure for
statistical analysis. The double rooted premolars
were used in the two experimental groups (30 roots
each). While the single rooted premolars were used
in the control groups (6 roots each).

These teeth were assigned to two groups. Group
I: disinfection of root canal through double antibiotic
paste (DAP) with
Group II: disinfection of root canal through DAP

subsequent biostimulation.

without biostimulation. Positive control: Samples
of this group represent teeth with induced periapical
infection without any treatment procedures and
left open. Negative control: Samples of this group
represent normal teeth that were left intact for
normal maturation. The experimental and control
groups were subdivided into three subgroups (A,
B, and C) based on the length of the post-treatment
evaluation period, which was 1, 2 and 3 months;
respectively.

Induction of periapical lesions?

Premedication of dogs with 1.V infusion of
a blend of atropine sulfate (Atropine®CID Co,
Egypt) at dose of 0.05 mg/ kg and diazepam
(Neuril®Memphis Co Egypt) at a dosage of 1 mg/
kg was achieved. Anesthesia was actuated quickly
by L.V infusion blend of ketamine HCI (Ketamine®
Sigmatec Co, Egypt) of dosage of 10 mg/kg and
Xylazine (Xylaject® Adwia Co, Egypt) (Img/kg).
The anesthetic profundity was kept up with thio-
pental sodium 2.5% (Thiopental sodium® Sandoz,
Austria) at dose of 25 mg/kg given intravenously.
Exposing the pulp chambers was achieved by a #2
round bur in a high-speed hand piece under non sep-
tic conditions.

After pulp chamber exposure, disruption of pulp
tissue inside root canals was performed with the
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aid of stainless steel endodontic hand file (#30),
then the root canals were irrigated with tap water
and the access cavities were left open to the oral
environment for three weeks and the animals were
given carprofen as analgesic (Rimadyl tablets®:
Zoites, USA) at a dose of 4.4 mg/kg given as single
dose on daily bases for a week. Under the previously
mentioned anesthesia regimen, infected teeth were
re-entered under aseptic condition achieved with
cotton roll isolation and surface disinfection with
0.12% chlorhexidine and tincture of iodine. All
the root canals were irrigated using 1.5% NaOCI
(10mL) per root canal.

Root canal preparation and disinfection

Mechanical preparation of the root canals was
not performed in any of the samples. Samples of
the experimental group were disinfected through
antibiotic paste. The double antibiotic paste
was prepared as following: equal weights of
Ciprofloxacin 250 mg and Metronidazole 500 mg
are crushed and the powder is mixed with propylene
glycol until a homogenous mixture is obtained?.
Under general anesthesia, surface disinfection of
teeth was done. After reopening the root canals,
they were irrigated with 10 mL of 1.5% NaOClI,
for around 5 minutes using the side vented needle
1 mm short of the apex, passively to allow for none
or minimal irrigant extrusion into the periapical
area. DAP mixture was placed intra the canals by
injecting through the canal by a 20" gauge sterile
plastic syringe. Finally, the access cavities were
closed by the temporary filling and teeth were left
for 3 weeks before second intervention.

Treatment modalities'®

Under general anesthesia, reopening of the ac-
cess was done under complete aseptic condition. Ir-
rigation with 10ml of 17% EDTA in Copious and
gentle way and then 10 ml of saline irrigation were
performed followed by dryness with paper point.
Bleeding into the canal system was induced due
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to overinsturmentation which was achieved by ro-
tating a precurved K file passing the root apex by
2 mm with the aim of filling the entire canal with
blood to the level of the cement-enamel junction.
Then bleeding was allowed to stop to forms a blood
clot at a level where the MTA (Bio MTA, Cerka-
med, Poland) is 3-4 mm thick. On the other hand,
after using the MTA coronal plug, the teeth were
filled with glass ionomer (GC Fuji, GC America,
Alsip, IL) as a permanent restoration.

Laser biostimulation”

Before sessions of biostimulation, the dogs were
anesthetized with the injection of ketamine hydro-
chloride (5 mg/kg) and xylaject (1 mg/kg). Samples
of the experimental group I were irradiated by low
power diode laser, with a wavelength of 808 nm and
output power of 300 mW. The energy fluency 27
J/em? was directed at the buccal side, in continu-
ous wave mode for 90 seconds. The tip of the hand
piece of the laser device was placed with no contact.
Low level laser therapy (LLLT) was started shortly
after regenerative procedure and was continued by
every other day for total of seven sessions.

Methods of evaluation

Radiographic evaluation:'¥

Digital radiograph with RVG using parallel tech-
nique via film holder device were taken before and
after induction of the periapical lesion and com-
pared with the follow up radiographs (1, 2 and 3
months). Imagel analysis software (ImageJ v1.44,
US National Institutes of Health, Bethesda, MD,
USA) was used for converting photos into 32-bit
TIFF files, while TurboReg plug-in (Biomedical
Imaging Group, Swiss Federal Institute of Technol-
ogy, Lausanne, Switzerland) was used for standard-
ization of images. The following parameters were
evaluated: increase in root length, increase in root
thickness and decrease in apical diameter.

Increase in root length: Calculations of the
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difference in root length as well as percentage of
change were done of measurements of pre and
post operative follow up radiographic images.
Root length was measured as straight line from the
cemento-enamel junction (CEJ) to the radiographic
apex of the tooth.

Increase in root thickness: Increase in root
thickness was measured at fixed point 5 mm
apical to CEJ and calculations of difference in root
thickness and percentage of change were done of
measurements of pre and post operative follow up

radiographic images.

Decrease in the apical foramen diameter:
Calculations of difference in diameter of apical
foramen and percentage of change were done of
measurements of pre and post operative follow up
radiographic images. Blind evaluation of periapical
radiographs were carried out by two examiners for
the previous parameters.

Histopathological evaluation:'9

Dogs were euthanized at the end of each
evaluation period using an overdose of the anesthetic
solution thiopental sodium. After resection of jaws,
they were fixed in 10% buffered formalin solution.
The fixed tissues were decalcified in mixture of
formic acid and sodium citrate solution for 120
days, dehydrated, and embedded in paraffin blocks
which were then sectioned (5 ym) and stained using
hematoxylin and eosin stain and thus examined
under Olympus light microscope (BX60, Olympus
Corporation, Japan).

Samples were evaluated for statistical analy-
sis for the following parameters by two examiners
blinded to the experimental groups for the histologi-
cal evaluation and according to the following scor-
ing systems:

1. Presence or absence of vital tissue in the canal
space: Absent (0), tissue in growth in the apical
third of the canal space (1), tissue in growth in
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the middle third of the canal space (2), tissue
in growth in the cervical third of the canal
space(3)19.

2. Presence or absence of new hard tissue: Absent
(0), partial formation (1), Complete formation
of new hard tissue (2)?.

3. Apical closure: No apical closure (0), evidence
of apical closure (1),

4. Inflammation(Intensity of inflammatory cell
infiltrate): Absent or very few cells (0), mild (1),
moderate (2) and severe (3)@V.

Statistical analysis

All data were coded, tabulated and analyzed
using Statistical package for Social Science (SPSS
15.0 for windows; SPSS Inc, Chicago, IL, 2001).
The normality of distribution parameters was
evaluated by One-Sample Kolmogrovo-smirnov.
The statistical significance of the difference between
two experimental group means was assessed by
the Independent-Samples T Test while One-Way
ANOVA test was used to assess the statistical
significance of the difference between more than
two group means. One-Way ANOVA Post Hoc
Tests was used once differences among the means
was determined, which included both post hoc
tests and pairwise multiple comparisons. For non-
parametric data, data comparison was performed by
using Mann-Whitney test, significance difference
was set at an alpha level of 0.05.

RESULTS

First: Radiographic evaluation

All the experimental groups showed various de-
grees of root maturation manifested in the increase
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of both root length and dentine thickness and api-
cal closure (Fig. 1 A-H). The increase in root length
and thickness and decrease in apical diameter in all
groups and subgroups are manifested in table (1).

Regarding the experimental groups, group I
(RET with subsequent biostimulation) showed
the highest increase in root length and thickness
and decrease in apical diameter, whereas group II
(RET without subsequent biostimulation) showed
less root maturation where there was a significant
difference between groups I and II in the subgroup
C (P =<0.05).

The positive control group showed no increase
either in root length, thickness or apical closure
among all subgroups, while on the other hand, the
highest increase in root length and thickness with
signs of apical closure was demonstrated by the
negative control group which was significant among
all subgroups (P < 0.05).

Figure (1)

Representative radiographs of group I. (A )
preoperative (B) one month,(C) two months and (c)
three months showing improvement in root length,
root thickness, apical diameter after three months
while (E,F,G&H) represent preoperative, one month,
two months and three months radiographs of group II
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Table (1): Mean Value and (SD) of increase in length, thickness & decrease in apical diameter and

percentage of change for Group 1, Il, Negative control & Positive control

Subgroups
Groubs group Subgroup A Subgroup B Subgroup C P value
p (1 month) (2 months) (3 months)
0.82 £0.134* 1.35+0.35 2.34+0.43 ¢ .
Gl 4.42% 7.21% 12.43% 0.004
0.58 +£0.264* 1.05 + 0.37 B2 1.4£0.36¢ "
= S 2.99% 5.85 7.66 0.02
Ei
D
o . 1.13 £ 0.384° 1.87 £ 0.4 5 3.13 +£0.74¢ "
é Negative Control 8.22% 12.59% 22.76% 0.01
Ac Ac Ad
Positive Control g; 0 g; 0 g; o
(1] (1] (1]
P value <0.001* <0.001* <0.001*
0.21 £0.0442 0.43 + 0.04 B 0.88+0.16 "
Gl 7.94% 16.22% 33.09% <0.001
2 0.22 £0.104* 0.38 £0.165 0.50 £0.15¢ "
2 G 7.67% 13.43% 17.81% 0.02
3
ﬁ Ab Bb Ci
. 0.36 = 0.07 0.80 +£0.21 1.49 + 0.55¢¢ "
,E Negative Control 12.04% 26.69% 50.35% 0.01
2
Ac Ac Ad
Positive Control gl;: 0 g; 0 g; L
(1] (1] (1]
P value <0.001* <0.001* <0.001*
0.41 + 0.134 0.80 = 0.1% 1.39+£0.13<
Gl 11.42% 22.08% <0.001*
5 A2% -08% 38.12%
%)
=)
s 0.32 £0.742 0.50 £ 0.09 8 0.81 £ 0.14¢ "
s ol 6.30% 14.54% 23.35% <0.001
[
2
2
< . 0.68 £ 0.26" 1.19 £ 0.365 1.64 £ 0.22¢ "
£ Negative Control 22.14% 38.64% 52.35% 0.01
D
<
£ i 0£0A 0+ 07 007
g Positive Control 0% 0% % 0
P value <0.001* <0.001* <0.001*

*Signifcant difference as P < 0.05

Means with the same superscript letters were insignficantly different (uppercase in raw / lowercase in column)

Means with different superscript letters were signficantly different (uppercase in raw / lowercase in column)
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Second: Histopathological findings

Group I: (RET with subsequent biostimulation)

In subgroup A, vital tissue was formed at the
apical third, while no evidence of formation of hard
tissue, open apex and moderate inflammation near
the root apex were present (Fig. 2A).

In subgroup B, the middle third showed vital
tissue infiltration. Partial hard tissue, signs of apical
closure as well as moderate inflammation towards
root apex were noticed (Fig. 2B).

In subgroup C, whole pulp space exhibited vital
tissue infiltration and differentiated odontoblast-like
cells. Apparent increase in vascularity, complete
hard tissue formation, signs of apical closure in
addition to mild inflammatory cells were noticed
towards the root apex (Fig. 2C).

Group II: (RET without biostimulation).

In subgroup A, absence of both vital tissue
infiltration and hard tissue formation, open apex and
severe inflammatory infiltration towards root apex
were noticed (Fig. 2D).
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In subgroup B, vital tissue formation near apical
third, no hard tissue formation, open apex and
moderate inflammation towards the root apex were
seen (Fig. 2E).

In subgroup C, exhibited vital tissue infiltration
at apical two-thirds, partially formed hard tissue,
signs of apical closure and moderate inflammation
(Fig. 2F).

Group I showed newly formed hard tissue and
signs of apical closure which was more obvious than
group II. The canals of these teeth were filled with
well-formed vascularized pulp like tissues, showing
numerous fibroblasts, newly formed -capillaries,
blood vessels and extracellular matrix.

At three months, in group I, the histological results
revealed complete closure of the apices by calcified
tissues, root canal walls thickening through formation
of considerable thickness of dentin like mineralized
tissue between the wall of the canal (Fig. 2C)

The statistical analysis of the histological results
is demonstrated in table (2).

Table (2): Mean Value and (SD) of scores of vital tissues, hard tissue, apical diameter & inflammatory cells count

Subgroup A Subgroup B Subgroup C
Groups Subgroups (1 month) (2 months) (3 months) P value
M SD M SD M SD

GI 1.000 A 0.816 1.500 ® 1.08 2.600 € 0516 0.002*
Vital tissue GII 0.400 4 0516 1.300 ® 0.675 1.900 € 0.568 0.001*

P value 0.12 0.68 0.02%*
GI 0.4004 0516 1.100 ® 0.738 1.800 € 0422 0.0001*
Hard tissue GII 0.200 4 0.422 0.700 ® 0483 1.200 € 0.632 0.003*

P value 048 0.24 0.05%
GI 0.200 4 0422 0.600 ® 0516 0.900 € 0.316 0.008*
Apical diameter GII 0.100 A 0316 0.400 8 0.516 0.700 € 0.483 0.028*

P value 0.73 048 0.48

GI 2.100 A 0.568 1.500 ® 0.527 0.800 € 0.632 0.001*
I“ﬂamg’l‘:}‘:{y cells G 27004 048%  2200® 0632 1800 0632  0.003*

P value 0.04* 0.03%* 0.007*

*Signifcant difference as P < 0.05

Means with the same superscript letters were insignficantly different while means with different superscript letters

were significantly different



(272)

ADJ-for Girls, Vol. 9, No. 2

Figure (2) Photomicrographs of group L. (A) Apical third (after
1 month) showing vital tissue (green arrow), absence
of hard tissue, open apex (black arrow) and moderate
inflammation (yellow arrow). (B) Apical half (after 2
months) showing vital tissue, partially formed hard
tissue (blue arrow), signs of apical closure (red arrow)
and moderate inflammation. (C) Apical two-thirds
(after 3 months) showing vital tissue infiltration in
entire pulp space (green arrow), odontoblast-like cells
(violet arrow), increased vascularity (orange arrow),
completely formed hard tissue (blue arrow), signs of
apical closure and mild inflammation (H&E, x20).
Group II. (D) Apical third (after 1 month) showing
absence of both vital tissue and hard tissue, open apex
(black arrow) and severe inflammation (yellow arrow).
(E) Apical half (after 2 months) showing vital tissue
infiltration (green arrow), absence of hard tissue, open
apex (black arrow) and moderate inflammation. (F)
Apical two-thirds (after 3 months) showing vital tissue
infiltration (green arrow), partial hard tissue formation,
signs of apical closure (red arrow), and moderate
inflammation (H&E, x20).

DISCUSSION

Regenerative endodontic therapy is now a well
established treatment modality as was identified

as “biologically based procedures designed to
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replace damaged structures, including dentin and
root structures, as well as cells of the pulp-dentin
complex”®?. This emphasizes the procedure of
recruitment of stem cells in the presence of suitable
scaffold under the influence of specific bioactive
molecules or growth factors.

The stimulation of endogenous stem cells from
apical papilla or other near sources to migrate and
populate root canal space in the strategy of cell
homing was widely accepted as a base for modern
concept of dental pulp regeneration®. Although cell
free approach is considered more as a repair rather
than true regeneration process, it is still accepted due
to successful clinical outcomes as well as proven
continued root development and apical foramen
closure in contrary to cell based RET which is still
faced by technical and ethical issues®®.

Root canal disinfection is a major prerequisite for
the success of the whole procedure and the negative
effect of the presence of residual infection was
highlighted with significantly less mineralized tissue
and lack of radiographic growth®. Commonly,
predictable root canal disinfection was carried out
by placement of tri antibiotic paste®®, however
its shortcomings encouraged its replacement
with double antibiotic paste through exclusion of
minocycline. These shortcomings include dentin
staining causing crown discoloration®”, interferes
with the release of dentin growth factors®® as well
as the vascularization inhibition due to minocycline
presence™®,

It is crucial to choose the proper concentration
of irrigant that minimally interfere with stem cell
migration, adhesion and root canal space population.
Sodium hypochlorite irrigation of concentration of
1.5% represented a low toxic effect on stem cell
and the maximum expression of dental pulp stem
cells was associated with that low concentration as
compared with least survival of stem cells when
irrigated with 6% and 3%“?.

Blood clot has been chosen as a scaffold for
the present study. Evidence revealed no particular
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advantage of other scaffolds as platelets rich plasma
or fibrin over blood clot®'*?. Moreover it revealed
superiority over both sodium hyaluronate:chitosan
or pectin:chitosan scaffold®?.

Dogs have been chosen as an animal model for
the present study due to similarity in teeth compo-
sition and growth pattern with humans. Moreover,
they have a rapid healing rate, large number of teeth
that could be employed in the study as well as the
availability of suitable cavity size that would facili-
tate the conduction of the study®.

Low level laser therapy (LLLT) has a proven
stimulatory effect on regenerative processes®3¢
without causing any significant temperature in-
crease. It enhances cell proliferation, migration,
differentiation as well as enhanced cellular metabo-
lism and protein expression®”. The enhanced mi-
tochondrial activity was demonstrated through de-
layed luminance by electron transport system with
production of reactive oxygen species (ROS) and
ATP as well as the physiological changes of the mi-
tochondria after LLLT®®.

The synergetic effect of biostimulation on regen-
erative endodontic therapy that was demonstrated
in the present study was in agreement with the re-
sults of many in vitro studies®**¢*=>_ Tt enhanced
stem cell proliferative capacity of stem cells from
human exfoliated deciduous teeth at power as low
as 10 mW in two irradiation setting®?. It also sig-
nificantly increased the differentiation capacity of
fibroblast which is a cornerstone cell type in tissue
repair/regeneration at power of 0.2-0.5 Watt while
not affecting the cell cycle®?.

Despite that the laser energy used to study its
effect on stem cell proliferation and differentiation
in conjugation with pulp regeneration was ranged in
the low energy fluencies levels of 1-7 J/cm? in which
5 J/cm? demonstrated the highest stimulative effect
in short term evaluation®*> the total energy used
for the present study was 27 J/cm?. This decision
was owing to the fact of light energy attenuation
by buccal bone and overlaying mucosa in contrary
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to previous preclinical studies. Moreover, it was
revealed that irradiation through one mm thickness
of dentine disk could reduce energy fluency from 42
J/cm?into as low as 0.3 J/cm?and in accordance with
the evidence of maximum mitochondrial activity at
irradiation with wavelength of 810 nm and energy
fluency 38 J/cm?®®),

Noteworthy, the synergistic effect of biostimula-
tion is best exhibited under nutritional deficiency.
This was reported as cell proliferation of stem cells
upon exposure to biostimulation under nutritional
deficiency condition was comparable to positive
control “?. The same effect was reported where the
cell growth rate of stimulated stem cells of exfo-
liated deciduous cells under nutritional deficiency
were similar to that of optimum nutrition". This
could be attributed to the production of low levels
of ROS in mitochondria while counteract its inhibi-
tory effect if its threshold was exceeded“*4”.

The present results were contradicted by San-
tamaria who reported no additional benefits when
connective tissue grafts accompanied by biostimu-
lation. This is best explained by that the biostimu-
lation represents maximum synergistic effect on
short term rather than on long term follow up as
the outcomes was measured at two years follow up,
nevertheless the application of biostimulation dem-
onstrated positive results on 6 months follow up“®.

The effect of LLLT on pulp regeneration was
heavily searched in literature; nevertheless, they
mostly have been in vitro preclinical studies. The
histologic evaluation of regenerated tissue was only
revealed in three in vivo studies using rats as the
animal model“-3, To the best available knowledge,
the present study is the only one to reveal the
effect of LLLT on RET using radiographic and
histological both evaluation on the animal model
of beagles. They are closer to the human beings; in
addition, the full protocol of root canal disinfection
as described by AAE was adopted in contrary to
revascularization process which was carried on
immediately after removal of pulp tissue of molar
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roots in rats. So, despite some limitations that have
been encountered in the current study as the need
for bigger sample size, the present results have
paved the way for further investigations in order to
confirm the synergistic effect of biostimulation on
regenerative endodontics.

CONCLUSION

Biostimulation enhance the response of immature
teeth with necrotic pulp and apical periodontitis to
regenerative endodontic therapy improving root
maturation in immature Dogs Teeth
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