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ABSTRACT

Background: Direct pulp capping (DPC) is a procedure in which the exposed pulp of the
tooth is protected with a suitable material. Currently, fat tissue (adipose stem cells) is known
as a source of mesenchymal/stromal stem cells (MSCs).

Objectives: The purpose of the present study was to determine the effect of cell therapy
in DPC using adipose-derived stem cells (ASCs), in addition to a collagen/hydroxyapatite
hybrid scaffold, on dental hard tissue formation.

Methods: Mesenchymal stem cells were extracted from dogs. Then, DPC was performed
in class V cavities prepared on the premolars of the same dogs in three groups using mineral
trioxide aggregate (MTA), ASCs plus hydroxyapatite/collagen hybrid scaffold, and hybrid
scaffold alone. After 12 weeks, the dogs were sacrificed and the teeth were fixed in formalin.
Fixed decalcified specimens were stained and evaluated histopathologically to determine the
presence of calcified bridge formation, characterize its structure, quantify its thickness, and
assess pulp vitality.

Results: According to the results of the Kruskal-Wallis non-parametric test, significant
differences were noted among the three groups in terms of vitality, dentinal bridge thickness,
continuity of the bridge, type of bridge, and periapical lesion. The ASCs plus scaffold
group showed dentinal bridge thickness similar to that observed with scaffold alone. The
performance of MTA in this regard was superior to the other two groups.
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Introduction

ental caries remains a major challenge in
terms of oral and dental health (Duangthip
& Chu, 2020). Upon initiation, tooth de-
cay causes slight inflammation of the pulp
and periapical tissue and is not often as-
sociated with pain. However, its progres-
sion results in irreversible pulpitis, which
is often painful and leads to pulp necrosis and periapical
disease. Tooth decay is a multifactorial lesion that results
from the accumulation of carious bacteria on the tooth
surface (Sharma et al., 2015). Currently, preservation of
pulp vitality of permanent teeth with mechanical or cari-
ous exposure of dental pulp is a challenging topic, since
sufficient evidence does not exist to help clinicians make
a correct clinical decision in such cases (Duncan, 2022).

Preservation of pulp vitality and restoring the function
of dentin-pulp complex are desirable outcomes of vital
pulp therapy (Komabayashi & Zhu, 2010; Zeng et al.,
2024). Different methods have been introduced to pre-
serve pulp vitality in teeth with extensive caries (Koma-
bayashi & Zhu, 2010). Excavation of carious lesion,
pulp capping, and pulpotomy are among the treatment
modalities performed for deeply carious teeth with re-
versible pulpitis (Duncan, 2022). In direct pulp capping
(DPC), exposed pulp is protected from further trauma-
tization by applying a capping agent to cover the expo-
sure site (Morotomi et al., 2019). This allows reparative
dentinogenesis and formation of a dentinal bridge. This
modality is well accepted by patients because it is lower
in cost and less time-consuming compared with root ca-
nal therapy (Komabayashi & Zhu, 2010).

Vital pulp therapy is a well-known therapeutic ap-
proach aimed at preserving the vitality of dental pulp
and inducing the pulp tissue to regenerate and form a
dentin-pulp complex (Hanna et al., 2020). Injured dental
pulp has limited potential to heal. In the presence of mild
and slowly progressive stimuli, odontoblasts may form
a dentinal barrier at the exposure site. However, in the
presence of strong and rapidly progressive stimuli, post-
mitotic odontoblasts cannot proliferate to replace the
injured odontoblasts. Under these circumstances, newly
differentiated odontoblast-like cells commence the pro-
cess of repair (Baldion et al., 2018). Variable outcomes
have been reported so far for DPC, and the reported
success rates vary from 37 to 50% for carious pulp ex-
posures and up to 92% for mechanical pulp exposures
(Komabayashi & Zhu, 2010; Islam et al., 2023).
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Infection control and biocompatibility of pulp capping
materials are important factors that determine treatment
outcomes. Calcium hydroxide [Ca(OH),] has been wide-
ly used for DPC and has long been regarded as the “gold
standard” (Kim et al., 2020). However, the unfavorable
quality of the created dentinal bridge and the lack of
sealing of the dentinal walls were among the reasons for
the collapse of this material (Islam et al., 2023). Also,
the alkaline pH of Ca(OH), leads to necrosis around the
damaged tissue (Ba-Hattab et al., 2016). Mineral triox-
ide aggregate (MTA) is a well-known introduced cement
that has been proven to be suitable for DPC (Kim et al.,
2020; Torabinejad et al., 1993; Torabinejad et al., 1995;
Petta et al., 2020). It is well capable of inducing repara-
tive dentinogenesis (Parirokh et al., 2018).

Compared to Ca(OH),, MTA leads to dentin formation
at a faster rate and with a higher structural quality (Torabi-
nejad et al., 1993). However, important limitations, such
as long setting time and tough application are among the
disadvantages of MTA (Kim et al., 2020; Torabinejad et
al., 1995). Dentin adhesives, (Kato et al., 2011) hydroxy-
apatite (Briso et al., 2006), bioactive glasses (Gong et
al., 2014), calcium silicate-based cements (Tran et al.,
2012), biodentine (Petta et al., 2020), resin-modified
calcium silicates (Kim et al., 2020), and bioceramics
(Gala-Garcia et al., 2010), have also been suggested for
use as DPC agents to induce dentinal bridge formation.
Although studies reveal that calcium silicate-based ce-
ments have more effective results in dentinal bridge for-
mation than calcium hydroxide cements (Peskersoy et
al., 2021; Abdel Sameia et al., 2020). It should be noted
that the teeth included in this study did not have caries
or inflammation; consequently, there was no need to re-
duce inflammation, although minimal inflammation can
in turn play a significant role in supporting the differen-
tiation of dentin and deposition of mineralized dentin.

Cell therapy as a conservative approach has been con-
sidered for pulp therapy and management of traumatized
teeth in recent years (Obeid et al., 2013).

Tissue engineering using stem cells, scaffold, and growth
factors is a new modality for the management of defects
(Ashri et al., 2015). Adult stem cells have self-renewal po-
tential and multilineage differentiation, which are important
properties for postnatal development. These cells can serve
as a rich source for tissue engineering purposes (Wofford
et al., 2020). Considering the capability of mesenchymal
stem cells to differentiate and form tooth-like structures,
researchers have been in search of methods to successful-
ly use these cells to regenerate the lost dental hard tissue
(Hernandez-Monjaraz et al., 2018).

Hashemikamangar., et al. (2026). Efficacy of Autologous Mesenchymal Adipose Stem Cells for DPC. fran J Vet Med, 20(3):431-444.
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Currently, adipose tissue is recognized as a source of
mesenchymal/stromal stem cells (MSCs), which are
abundant and easily and minimally invasively obtain-
able. Adipose-derived stem cells (ASCs) are stem cells
derived from the adipose tissue. They have high prolif-
eration ability and can differentiate into cardiomyocytes,
chondrocytes, and osteocytes under suitable conditions
(Krawczenko & Klimczak, 2022). Adipose stem cells
are increasingly used in tissue engineering and cell ther-
apy studies in vitro and in vivo. The osteogenic ability
of ASCs is comparable to that of bone marrow-derived
stem cells (BMSCs) (Dai et al., 2016).

Scaffolds are a main component of tissue engineering
(Wofford et al., 2020). It enables the formation of tis-
sues and interaction of cells. Scaffolds are used to trans-
fer stem cells and/or growth factors to the defective site
(Sharma et al., 2014). They are available in natural and
synthetic, rigid and non-rigid, and degradable and non-
degradable forms (Sharma et al., 2014). Collagen scaf-
folds have chemical and structural properties similar to
those of protein structures in dental hard tissue and have
high tensile strength. They enable optimal adhesion, pro-
liferation, and migration of cells (Sharma et al., 2014;
Dong & Lyv, 2016). Hybrid scaffolds made of collagen,
tricalcium phosphate, and hydroxyapatite have im-
proved mechanical and osteoinductive properties (Ielo

Aseptic aspira!lon

adipose tissue

Rulp capping of teeth

Figure 1. Schematic summary of the methodology

of

B) ASCs+Collagen/hydroxyapatite hybrid
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et al., 2022). Thus, collagen/hydroxyapatite hybrid scaf-
fold was used in this study.

The purpose of this study was to evaluate the efficacy
of DPC with ASCs and a collagen/hydroxyapatite hybrid
scaffold for the formation of dental hard tissue. The null
hypothesis was that the efficacy of DPC with ASCs and
hybrid scaffold for the formation of dental hard tissue
would be similar to that of MTA and scaffold alone.

Materials and Methods

This animal study was performed according to the
guide for the care and use of laboratory animals under
the supervision of a veterinarian and ARRIVE guide-
lines (Smith et al., 2007). The study protocol was ap-
proved by the Ethics Commiittee of Tehran University of
Medical Sciences and the Local Ethics Committee for
Animal Experiments at the Faculty of Veterinary Medi-
cine, University of Tehran.

Isolation of ASCs

This study was conducted on four healthy mixed-breed
dogs aged 18 to 24 months (Figure 1).

Culture of
ASCs

A) MTA

scaffold

C) Collagen/hydroxyapatite hybrid scaffold

MTA: Mineral trioxide aggregate; ASCs: Adipose-derived stem cells.
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General anesthesia was induced intravenously with 10
mg/kg of 10% ketamine (Alfasan, Woerden, Holland)
and 0.27 mg/kg diazepam (Zepadic, Caspian Tamin
Baxter healthcare, Puerto Rico). Interscapular and ingui-
nal areas in dogs were prepped and draped for aseptic
aspiration of adipose tissue. A small incision of 2 cm in
length was made to aspirate 10 mL of subcutaneous adi-
pose tissue (Figure 2). Aspirated adipose tissue was im-
mersed in phosphate-buffered saline (PBS) containing
1% antibiotic (penicillin-streptomycin, solution 100X,
BioWest, France) and transferred to a cell culture labora-
tory for the isolation of ASCs.

After the surgical procedure, dogs’ teeth were sub-
jected to scaling and polishing (Figure 3). For pain con-
trol, 2 mg/kg tramadol (DarouPakhsh Pharmaceutical,
Iran) was administered intramuscularly before the dogs
gained recovery.

Culture of ASCs

ASCs were isolated by enzymatic digestion. Briefly,
adipose tissue was rinsed with PBS for several times
and minced into small particles (0.5 ¢cm?) using scis-
sors and surgical scalpel under sterile conditions. Efforts
were made to separate blood vessels and connective
tissue from yellow adipose tissue. After mincing, type
IT collagenase enzyme (0.075%) was added to adipose
tissue and the mixture was transferred to a 50 mL ster-
ile centrifuge tube and placed in an incubator shaker
at 37 °C for one hour to allow enzymatic digestion by
collagenase. The mixture was then filtered to separate
large undigested fat particles. The obtained solution
was centrifuged at 1410 rpm for five minutes. After two
rounds of centrifugation under sterile conditions, the
supernatant (containing cell plaque) was removed and
added to a T25 cell culture flask along with Dulbecco’s
modified Eagle’s medium (DMEM), fetal bovine serum
(FBS), and penicillin-streptomycin in a 1:100 ratio. The
medium was not refreshed for 36 hours in order to al-

Figure 2. The surgical process of taking fat from a dog
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low the cells to adhere to the bottom of the flask. After
the first 36 hours, the medium was refreshed every two
weeks. The flask was incubated at 37 “C under 5% CO,
and 95% humidity until reaching 80-90% confluence.
The cells were passaged three times. Third-passage cells
were removed from the bottom of the flask by applying
trypsin and purified at 400 rpm centrifugation. The cells
were suspended in 0.2 mL of culture medium and trans-
ferred to a syringe for injection. Isolated colonies were
differentiated into adipose cells under specific inductive
conditions to confirm their stemness (Solali et al., 2015)
(Figure 4). To confirm differentiation of stem cells into
adipocytes, flow cytometry was performed to assess the
expression of CD34, CD44, and CD105 markers (Solali
etal., 2015).

Formation of collagen/hydroxyapatite hybrid
scaffold

The collagen/hydroxyapatite hybrid scaffold was syn-
thesized as described by Bahrami et al. in 2017. To pre-
pare hydroxyapatite, solutions containing calcium and
phosphorus were used. In addition, calcium nitrate tetra-
hydrate [Ca(NOs)24H20] and diammonium phosphate
[(NH4)-HPO4] were used. Distilled water was used to
prepare aqueous mixtures of collagen and hydroxyapa-
tite. To fabricate the scaffolds, a freeze-drying technique
was used. Because the aim was to create a 3D scaffold,
the prepared layers were divided into smaller pieces and
joined together using a 10% collagen solution.

Pulp capping of teeth

After induction of anesthesia as explained earlier,
general anesthesia was maintained by isoflurane inha-
lation (AERRANE, Baxter healthcare, Puerto Rico).
Thirty-nine maxillary and mandibular teeth from four
healthy 18-24-month-old male dogs were selected for
DPC through visual examination. The procedure was
performed under general anesthesia. The teeth were

Hashemikamangar., et al. (2026). Efficacy of Autologous Mesenchymal Adipose Stem Cells for DPC. fran J Vet Med, 20(3):431-444.
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Figure 3. Scaling and polishing of dogs’ dentition

randomly separated into three study groups (n=13 per
group). The DPCs of teeth were performed by: A) MTA,
B) ASCs and collagen/hydroxyapatite hybrid scaffold,
and C) collagen/hydroxyapatite hybrid scaffold alone.

Maxillary and mandibular premolars of the same
dogs from which, ASCs were isolated were rinsed with
chlorhexidine, and Class V cavities were prepared on
their buccal surfaces 1 mm above the gingival margin.
The cavities were about 4 mm height, 4 mm wide, and 3
mm deep (4x4x%3). Cavities were prepared using an 008
round diamond bur (Jota 842 FG 014) on a low-speed
handpiece under copious irrigation with sterile water. The
cavities were prepared deeper at the center to observe the
shadow of the pulp chamber through dentin. Dental pulp
was then mechanically exposed using the sharp tip of a
dental explorer (sharp tip of a c-shaped dental explorer).
Sterile cotton rolls dipped in saline were used to control
bleeding. Using block randomization, the teeth were as-
signed to the following three groups (n=13) for DPC:

Group A: MTA (ProRoot MTA, Arizona, USA) was
mixed with sterile saline and was used to cap the expo-
sure site. The carrier was used to dispense the material
into the defect site, and the ProRoot MTA root repair

May & June 2026. Volume 20. Number 3

material was condensed into the cavity with a small
amalgam plugger, cotton pellets, or paper points. The
placement of ProRoot MTA root repair material was
confirmed with a radiograph. If an adequate barrier had
not been created, the ProRoot MTA root repair material
was rinsed out of the defect and the procedure was re-
peated. A wet cotton pellet was used to remove excess
moisture from the site, and the access preparation was
sealed with a temporary restoration for a minimum of
four hours. After four hours, or at another appointment,
a rubber dam was used and the ProRoot MTA root re-
pair material was examined, expecting this material to
be hard. In the absence of hardening, the MTA would be
rinsed and the application repeated. It should be noted
that the ProRoot MTA root repair material remained as a
permanent part of the filling.

Group B: ASCs were injected into the defective site us-
ing a Hamilton syringe (Hamilton Company, Reno, Ne-
vada, USA) and the exposure site was covered with col-
lagen/hydroxyapatite hybrid scaffold. To seed the cells
onto the collagen/hydroxyapatite scaffold, the scaffold
was cut to 8 mm in diameter. They were subsequently
washed with PBS and placed in 24-well chambers. The
scaffolds were sterilized by exposing the 24-well plates

Figure 4. Cell culture and observation of cells under a microscope

et al. (2026). Efficacy of Autologous Mesenchymal Adipose Stem Cells for DPC. fran J Vet Med, 20(3):431-444.
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Figure 5. Clinical sequence of DPC in dog's tooth

IRANIAN JOURNAL OF VETERINARY MEDICINE

A) Class V cavity was prepared on the buccal surface of NO# 407 tooth with low-speed handpiece and round bur under saline
irrigation; B) Pinpoint exposure of dental pulp using the sharp tip of an explorer; C) Bleeding control by cotton rolls; E) ASCs
were injected to the defect site using a Hamilton syringe; E) Placement of collagen/hydroxyapatite scaffold; F) Glass ionomer

cement restoration of the cavity

to an ultraviolet hood for one hour. They were then in-
verted and placed under the UV hood for one hour to
sterilize all surfaces. At the seeding stage, 2.2x10¢ hEn-
SCs derived from the third passage were diluted in the
500 uL of DMEM + FBS 10% culture solution and in-
jected onto the collagen/HA scaffold.

Group C: Collagen/hydroxyapatite hybrid scaffold was
used alone to cover the exposure site.

Light-cure resin-modified glass ionomer cement (Voco
GmbH, Cuxhaven, Germany) was then applied to re-
store the cavity (Figure 5).

Due to ethical considerations, the teeth could not be
evaluated radiographically; thus, teeth with caries le-
sions probably associated with a periapical lesion were
not considered in this study.

Histological slide preparation and histomorpho-
metric evaluation

Twelve weeks after the procedure, the dogs were eutha-
nized by intravenous injection of thiopental sodium (Ro-

Figure 6. Steps of buccolingual cutting of decalcified samples

texmedica, Trittau, Germany). Tooth specimens were
fixed in 10% formalin for one week. Decalcification was
performed by the immersion of specimens in 10% nitric
acid. In next step, the teeth were sectioned in a buccolin-
gual direction longitudinally at the exposure site. Speci-
mens were paraffin-embedded and serially sectioned at
the exposure site; 5 pum-thick slices were prepared for
histological analysis (Figure 6). After hematoxylin and
eosin (H&E) staining, the slides were inspected under
a light microscope (E400, Nikon, Japan) at x40, x100,
x200 and x400 magnifications by a pathologist blinded
to the grouping of specimens.

Photographs were also taken at 40x magnification with
a digital camera (E8400, Nikon, Japan). Table 1 summa-
rizes the factors evaluated in histological analysis.

The creation of dentinal bridge (in microns) was mea-
sured histologically by calculating the mean value us-
ing at least three cross-sections using IHMM version 1.0
software (SBMU, Iran) (Eskandarizadeh et al., 2008).
The Kruskal-Wallis test was used to compare the param-
eters among the three groups. Dunn’s test was applied
for pairwise comparisons at P<0.05 level of significance.

Hashemikamangar., et al. (2026). Efficacy of Autologous Mesenchymal Adipose Stem Cells for DPC. fran J Vet Med, 20(3):431-444.
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Figure 7. Flow cytometric analysis of mesenchymal cells by Flow]o software

Note: phycoerythrin was used for the detection of CD34, CD73, and CD105 markers, and fluorescein isothiocyanate-conjugat-
ing antibodies were used for detection of CD44, CD45, and CD90.

The score 0, attributed to no bridge formation, and the
score 1, illustrating the formation of a calcified bridge
SPSS version 24.0 was used for statistical analysis of
the data. The frequency and percentage of degree of
pulpal vitality (Eskandarizadeh et al., 2008), thickness
and uniformity of bridge formation (Faraco Junior &
Holland, 2004), type of bridge formation (Dominguez et
al., 2003), inflammation (Bidar et al., 2014), and odonto-
blastic differentiation (Eskandarizadeh et al., 2008) were
evaluated and noted in the three groups.

The comparison of variables among the three groups
was analyzed statistically using the Kruskal-Wallis test.
Pairwise comparisons were done using Dunn’s test. The
P<0.05 was considered statistically significant.

Results
Analysis of stem cells
Flow cytometric analysis

In this study, the expression of CD34, CD44, and
CD105 markers was evaluated, and it was found that
cells were positive for CD44 and CD105 markers, which
confirmed that stem cells were of mesenchymal origin.
Cells were negative for CD34, which confirmed the ab-
sence of hematopoietic stem cells (Figure 7).

Differentiation into osteoblasts and adipocytes

After 21 days, ASCs differentiated into adipocytes as
shown by oil red O staining (Figure 8).

Histomorphometric evaluation

The mean dentinal bridge thickness was 0.12 um in
the MTA (positive control) group, 0 pm in the scaffold
group (negative control), and 0.02 um in the ASC group
(test group) (Table 2; Figures 9 and 10).

Statistical analysis

The non-parametric Kruskal-Wallis test showed sig-
nificant differences among the three groups in terms

Figure 8. Histological view of the differentiation of mesen-
chymal stem cells into adipocytes

et al. (2026). Efficacy of Autologous Mesenchymal Adipose Stem Cells for DPC. fran J Vet Med, 20(3):431-444.
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Table 1. Parameters evaluated in histological analysis
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Factors Scores Characterization
0 No bridge f d
Formation of calcified bridge (Torabinejad 0 bricge forme
etal., 1993) . . .
1 Formation of calcified bridge
0 Absence of bridge; no formation of calcified bridge or presence of a hard tis-
sue wall around the defect site
gr:lct;gelg;’ celfilise afefe fornze [ e 1 Interrupted bridge; formation of hard tissue only around the exposed site
2 Continuous bridge; complete formation of dental hard tissue bridge
0 No formation of dentinal bridge
1 F ti f osteodentin brid
Type of dentinal bridge formed (Tsuji et ormation ot osteadentin briage
al., 2014) 2 Formation of dentinal bridge with an abnormal tubular pattern
3 Formation of dentinal bridge with a normal tubular pattern
0 No sign of i
Vitality of pulp tissue (Torabinejad et al., 0 SIgn OF NECrosis
1993
) 1 Signs of pulp necrosis
0 Normal tissue and no inflammation; presence of 0-1 inflammatory cells in the
microscopic field
1 Mild; presence of 2-5 inflammatory cells in the microscopic field
Inflammation (Wang et al., 2014)
2 Moderate; presence of 6-15 inflammatory cells in the microscopic field
3 Severe; presence of more than 15 inflammatory cells in the microscopic field
- . . 0 P f the odontoblastic |
Odontoblastic differentiation (Torabinejad resence ot the odontoblastic fayer
etal., 1993) . . .
1 No differentiation and absence of the odontoblastic layer

of vitality of dental pulp tissue (P<0.0001), dentinal
bridge thickness (P<0.0001), continuity of the bridge
(P<0.0001), type of bridge (P<0.0001), odontoblas-
tic differentiation (P<0.0001) and periapical lesion
(P<0.0001).

Vitality

Pairwise comparisons of the groups by the Dunn’s test
revealed a significant difference in terms of vitality be-
tween the MTA and scaffold groups (P<0.001), but the
difference between the MTA and ASC groups was not
significant (P=0.074). In other words, the ASC group
had pulp vitality similar to the MTA group.

Thickness of the dentinal bridge

Pairwise comparison of the groups using the Dunn’s
test in terms of thickness of the dentinal bridge showed
significant differences between the MTA and scaffold
groups (P<0.0001) and between the MTA and ASC
groups (P<0.001), but the difference between the scaf-

fold and ASC groups was not significant in this regard
(P=0.560). In other words, the ASC group had the same
performance as the scaffold group in terms of dentinal
bridge thickness, and the performance of MTA group
was superior to that of the other two groups.

The Mean+SD dentinal bridge thickness was 0.12+0.07
um in the MTA (positive control), 0 um in the scaffold
(Kruskal-Wallis test, P<0.05), and 0.04+0.02 um in the
ASC group. The mean thickness of the formed dentinal
bridge in the MTA group was significantly more than
that in the scaffold and ASC groups.

Continuity of bridge formation

Pairwise comparison of the groups using the Dunn’s test
in terms of continuity of bridge revealed significant dif-
ferences between the MTA and scaffold (P<0.0001) and
between the MTA and ASC (P<0.0001) groups. However,
the difference between the scaffold and ASC groups was
not significant (P=0.648). In other words, the performance
of scaffold was similar to that of ASCs in terms of conti-

Hashemikamangar., et al. (2026). Efficacy of Autologous Mesenchymal Adipose Stem Cells for DPC. fran J Vet Med, 20(3):431-444.
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Figure 9. Histomorphometric view of the dental pulp of a premolar tooth from a dog, 12 weeks after direct pulp capping (hef-

matoxylin and eosin, x40 magnification)

Note: An interrupted osteodentin bridge was formed in the ASC group. ES indicates the exposure site capped with the pulp
capping material. CB indicates the formation of an interrupted osteodentin bridge. P indicates the dental pulp.

nuity of bridge forming, and the performance of MTA was
superior to that of the other two groups.

Type of bridge

Pairwise comparison of the groups using the Dunn’s test
in terms of type of bridge revealed significant differences
between the MTA and scaffold (P<0.0001) and the MTA
and ASC (P<0.001) groups. However, the difference be-
tween the scaffold and ASC groups was not significant
(P=0.628). As a result, scaffold exhibited the same behav-
ior as ASCs in terms of the type of bridge formed.

Odontoblastic differentiation:

Pairwise comparison of the groups using the Dunn’s
test in terms of odontoblastic differentiation showed sig-

nificant differences between the MTA and scaffold groups
(P<0.0001) and between the MTA and ASC (P<0.001)
groups. However, the difference between the scaffold and
ASC groups was not significantly different in this regard.
In other words, scaffold and ASCs performed similarly,
while MTA differed from them (Table 2).

Discussion

Histological analysis revealed that MTA resulted in the
formation of a calcified barrier at the end of the three-
month course of the study, which is in line with the find-
ings of previous studies (Torabinejad et al., 1995). The
success of MTA in this respect is attributed to its optimal
physical and bioactive properties (Dong & Xu, 2023). In
the current study, MTA was significantly more success-

Figure 10. Histomorphometric view of the dental pulp of a premolar tooth in a dog, 12 weeks after direct pulp capping (H&E,

x100 magnification)

Note: NBF indicates no bridge formation in the ASC group. ES indicates the exposure site capped with pulp capping material.

P indicates the necrotic pulp tissue.
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Table 2. Histomorphometric results
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No. (%)
Total Vitality Continuity of Bridge Type of Bridge
Group
0 1 0 1 2 0 1 2 3
10 9 1 1 9 1 3 6 1 6
MTA 10(100)  9(90) 1(10) 1(10) 9(90) 1(10) 3(30) 6(60) 1(10) 6(60)
Scaffold  12(100) 2(16.7) 10(83.3) 11(91.7)  1(8.3)  11(91.7) 1(8.3) 0(0) 11(91.7) 1(8.3)
ASCs 10(10)  5(50) 5(50) 8(80) 2(20) 8(80) 2(20) 0(0) 8(80) 2(20)
Total 32(100)  16(50) 16(50)  20(62.5) 12(37.5) 20(62.5) 6(18.75)  6(18.75)  20(62.5)  9(28.1)
No. (%)
Degree of Inflammation Calcified Bridge Formation = Odontoblastic Differentiation
Group 0 1 2 3 0 1 0 1
0 3 8 2 0 0 5 5
MTA 0(0) 3(30) 8(80) 2(20) 0(0) 0(0) 5(50) 5(50)
Scaffold 0(0) 0(0) 1(8.3) 4(33.3) 4(33.3) 3(25) 0(0) 12(100)
ASCs 0(0) 0(0) 3(30) 1(10) 5(50) 1(10) 0(0) 10(100)
Total 0(0) 3(9.3) 12(37.5) 7(22) 9(28) 4(12.5) 5(15.6) 27(84.3)

MTA: Mineral trioxide aggregate; ASCs: Adipose-derived stem cells.

ful in the formation of a calcified barrier following DPC
compared to ASCs and the collagen/hydroxyapatite hy-
brid scaffold. The mean thickness of the calcified barrier
was 0.12 pm, 0.02 pm, and 0 pm in the MTA, ASC, and
collagen/hydroxyapatite scaffold groups, respectively.
These values were significantly different. The mean
thickness of the formed calcified barrier was 0.02 pm
in the ASC group, which indicates that this cell line is
also capable of forming hard tissue. However, the thick-
ness of the formed barrier was not clinically sufficient. It
should be noted that if class I cavities had been prepared
instead of class V, the pulpal floor would provide better
blood supply to the exposure site (Obeid et al., 2013),
and more favorable results may be obtained. However,
pulp horns extend to areas close to the occlusal surface
of teeth in dogs; thus, class V cavities were used in the
current study to prevent restoration loss due to mastica-
tory forces. However, blood supply to the exposure site
in class V cavities is not as efficient as that in class I
cavities because the buccolingual width of the pulp
chamber of premolar teeth in dogs is small, and there is
insufficient space behind the exposure site for adequate
blood supply to stem cells. In the current study, calcified

bridge formation occurred in 20% of cases treated with
DPC using ASCs and collagen/hydroxyapatite scaffold,
which was lower than the rate in the MTA group. This
highlights the lower potential of ASCs for osteogenesis
and their higher sensitivity to hypoxia.

Better blood supply could have been obtained in the
area if molars or canine teeth of dogs had been used.
However, premolar teeth of dogs (four per each quad-
rant) are often used in pulp capping studies due to limita-
tions, such as difficult access to molars, the challenging
decalcification process required for preparing histologi-
cal slides, and the small number of canine teeth (ethical
considerations). It should be noted that using canines
would require euthanizing too many animals because
dogs have only four canines, which would be insuffi-
cient for our study; our sample size would require many
more teeth to be meaningful.

Alves et al. compared the osteogenic potential of BM-
SCs and ASCs in an animal study on young dogs and
showed that methyl thiazol tetrazolium conversion,
alkaline phosphatase activity, collagen synthesis, per-
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centage of mineralized area, Osterix expression, bone
sialoprotein expression, and osteocalcin expression were
all greater with the use of BMSCs compared to ASCs;
these results highlighted the lower osteogenic poten-
tial of ASCs compared to BMSCs in dogs (Alves et al.,
2014), which is in line with our findings. Insignificant
formation of the dentinal bridge by ASCs may be due
to hypoxia as stated by Tsuji et al., (2014). It is probable
that the susceptibility of cells to hypoxia is mainly due
to cell density and their insufficient osteogenic capabil-
ity. In addition, it should be noted that if we had utilized
molar teeth, the blood supply would have been much
better. However, access to molars was limited. More-
over, radiography could be helpful before the procedure,
provided that we are allowed to do this due to ethical
considerations, in order to evaluate inflammation, and
this requires further research to see the real potential of
ASCs as compared with MTA.

The purpose of this study was to evaluate the potential
of ASCs to induce dental hard tissue formation follow-
ing DPC. For this purpose, ASCs were used in this study
since they are abundant and easily available (Tsuji et al.,
2014; Wang et al., 2014; Salvatore et al., 2021). They
are capable of seeding in tissues and responding to sig-
nals (Wang et al., 2014). Moreover, their gene expres-
sion and differentiation capabilities are similar to those
of dental pulp and periodontal ligament stem cells (Peng
etal., 2021). They are also capable of differentiation into
special cells, such as muscle cells, hepatic cells, brain
cells, pancreatic cells, and epithelial cells (Wang et al.,
2014). ASCs are mesenchymal stem cells derived from
the adipose tissue. They are capable of adhering to cell
culture flasks and expanding in vitro. Moreover, they
can differentiate into multiple cell lineages (Irioda et al.,
2016). In contrast to BMSCs, ASCs can be isolated from
the adipose tissue in abundance via a minimally invasive
procedure (Ciuffi et al., 2017). Their capability to dif-
ferentiate into osteoblast-like cells has been previously
confirmed as well (Mirkhani et al., 2022).

In this study, enzymatic digestion was used to isolate
ASCs. Histological analysis was performed to evaluate
the formation of a dentinal bridge after DPC, which is
the gold standard for this purpose. Formation of a contin-
uous dentinal bridge at the pulp-dentin border provides
an ideal prognosis since it protects dental pulp against
external stimuli. However, the formation of any type of
hard tissue bridge can also be considered a success in
DPC (Farzad-Mohajeri et al., 2022). In the current study,
IHMM version 1.0 software (SBMU, Iran) was used to
quantitatively assess the formation of dentinal bridge for
reliable comparison of the results.

May & June 2026. Volume 20. Number 3

Conclusion

It seems that DPC with ASCs under the current condi-
tions cannot yield a clinically desirable outcome. How-
ever, considering the formation of hard tissue in a limited
number of samples in this study and the importance of
preserving pulp vitality, future studies are needed to fo-
cus on other aspects related to this topic, such as the use
of different growth factors, scaffolds, and cell implanta-
tion conditions.
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