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Objective: This study evaluated the effectiveness of Platelet Rich Plasma (PRP), Platelet Rich Fibrin (PRF) and
Mineral Trioxide Aggregate (MTA) as direct pulp capping materials in patients with carious pulp exposure
using cone beam computed tomography.
Methods: This parallel, triple blinded, randomised trial was done on 30 permanent posterior teeth chosen
as candidates for direct pulp capping based on stringent inclusion and exclusion criteria. The samples were
allocated based on sequentially numbered opaque sealed envelope method into three groups: MTA, PRP and
PRF for direct pulp capping. The treated teeth were restored with Glass Ionomer cement liner and light-cured
resin composite. Patients were followed up for a period of 12 months. Statistical analyses were performed
with statistical software SPSS version 25. Data were analysed for normality using Shapiro Wilk’s test. Dentine
bridge volume analysis across the groups were done using Kruskal Wallis test with the significance level at
P=0.05. As the test revealed a significant difference, post hoc analysis was done with Dunn test.
Results: CBCT analysis revealed that the volume of dentine bridge formed by PRP and PRF was significantly
higher than the volume of dentine bridge formed by MTA (P<0.001; CI: 90%). There was no significant difference in the efficacy between the three direct pulp capping agents based on clinical assessment. A total of 27
teeth (90%) showed positive response to pulp sensibility testing and evidence of dentine bridge formation
in radiograph at 12 months. No adverse events were encountered.
Conclusion: Platelet concentrates could be the future of vital pulp therapy for adult permanent teeth with
reversible pulpitis.
Keywords: Carious pulp exposure, cone beam computed tomography; direct pulp capping; mineral trioxide
aggregate; platelet rich fibrin; platelet rich plasma; reversible pulpitis

INTRODUCTION
Vital pulp therapy involves treating exposed pulp in order to re• Pulp capping is a promising treatment for adult
pair its damage and maintain its
permanent teeth with a clinical diagnosis of revitality (1). Direct pulp-capping
versible pulptitis and carious pulp exposure during
is one such therapies that preexcavation.
vents pulpal injury by protecting
• Platelet concentrates could be the future of regenit from various chemical, bacterial,
erative procedures in endodontics.
mechanical, and thermal attacks
• Current imaging techniques are valuable tools in
(2). Currently there are two apassessing hard tissue formation.
proaches to treat pulpal injury. The
first is the traditional approach
that employs newer synthetic materials that provide better seal than calcium hydroxide (3). Mineral Trioxide Aggregate (MTA) is a
tricalcium silicate based material that is considered to be a promising direct pulp capping agent
according to various in vitro (4), and human studies (5, 6). MTA has numerous disadvantages, including its tendency to discolor tooth, the presence of toxic elements such as arsenic, difficult
handling properties, and high cost (7).
HIGHLIGHTS

The second is the biologic approach that explores the molecular and cellular mechanisms behind
pulp tissue regeneration and identifies a biological strategy for the treatment of clinical exposures.
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The biological approach is achieved by reducing further damage to remaining odontoblasts and potentiating the differentiation of new odontoblasts (3).

for rubber dam isolation, history of previous restoration in
the tooth under consideration for pulp capping, periodontally compromised teeth, patients with bleeding disorders,
platelet count less than 1,50,000/mm3, patients with unsatisfactory oral hygiene maintenance and pregnant and lactating females.

A recent development in the field of endodontics has been
the refinement of regenerative concepts for various procedures such as pulpotomies, apexogenesis, and osteogenesis
after endodontic surgery using platelet concentrates (8-10).
Platelet rich plasma (PRP) has been proposed as a potential
pulp capping agent because of its excellent tissue compatibility (11). It is also stated that PRP is found to aid in recruitment and proliferation of the mesenchymal stem cells of the
pulp and promotes mineralization of dental pulp stem cells
(DPSC) (12). Platelet-rich fibrin (PRF) is a second generation
platelet concentrate introduced by Choukroun in 2001 that
contains components of blood that are conducive to healing
(13). According to Ehrenfest, the advantages of PRF over PRP
are that it is purely autologous, relatively simple to prepare,
no external agents are required in its preparation and has
sustained release of growth factors (14). A PRF membrane
can sustain the release of several key growth factors for at
least one week and up to 28 days, which means that it can
release growth factors in conjunction with its own biological
scaffold to promote wound healing (14).
Although histological evidence of dentine bridge formation
is regarded as the gold standard for assessing the success of
a direct pulp capping procedure, it involves destroying the
tooth, while clinical success depends solely on the health of
the pulp. There is no reliable method to assess dentine bridge
formation and correlating it with clinical symptoms following
direct pulp capping therapy. CBCT is a three-dimensional diagnostic modality that permits evaluation of dentine bridge
formed after direct pulp capping (15). This study aimed to assess (1) the volume of dentine bridge using CBCT, and (2) the
pulp sensibility, after direct pulp capping using PRF and PRP in
comparison with MTA in adult permanent posterior teeth with
carious pulp exposure. The null hypothesis was that there is no
difference in the volume of dentine bridge formed with MTA,
PRP and PRF as direct pulp capping agents in adult posterior
teeth with carious pulp exposure.
MATERIALS AND METHODS
Allocation of participants
Thirty healthy participants (18 males and 12 females) were
recruited between the age group of 18-45 years. Asymptomatic maxillary and mandibular molars and premolars
with caries involving only the occlusal surface, not tender
to percussion; ideal periodontal probing depth of 2 to 3
mm; normal response to cold and electric pulp testing; radiographic evidence of deep caries approximating the pulp
chamber with no evidence of thickening/ widening of periodontal ligament, absence of furcation radiolucencies and
periapical pathology were included in the present study. The
exclusion criteria were as follows: symptomatic teeth (history
of spontaneous pain), radiographic evidence of periapical
changes or pathology, negative response to pulp sensibility testing, history of systemic diseases, tooth not conducive
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Thirty carious premolars and molars which fulfilled the inclusion criteria were chosen for the study. The complete treatment procedure was explained to the patients and a written
informed consent was obtained from all the patients selected
for the study. The study was conducted in accordance with
the Declaration of Helsinki Ethical principles for medical research involving human subjects after being independently
reviewed and approved by the Institution’s Ethical Committee (Ref No 0430/DE/2010).
Study design
This prospective, randomised, non-inferiority, parallel, threearm active controlled triple blinded study compared MTA (Angelus, Londrina, PR, Brazil), PRP and PRF as direct pulp capping
agents. Sample size was calculated using G power software
applying the data obtained from pilot study with 5 samples in
each group. The effect size of 0.8803 was obtained using the
mean (±SD) values of volume and dentine bridge thickness
formed in MTA, PRP and PRF group. Considering a dropout of
25%, 10 subjects were chosen per group to get a power of 90%
in detecting the statistical significance among the 3 groups
(Fig. 1). Allocation ratio for the test and control groups was
1:1. The procedure was performed by a single independent
operator. Randomisation was done by the lot method with allocation concealment using the SNOSE method (sequentially
numbered opaque sealed envelope method). The 30 subjects
were randomly divided into 3 groups.
MTA group: (n=10) Direct pulp capping with MTA
PRP group: (n=10) Direct pulp capping with PRP
PRF group: (n=10) Direct pulp capping with PRF
Preoperative assessment
Medical and dental history were recorded for all the patients
selected for the study. Intra oral examination was done to assess the nature of presenting illness, the oral hygiene status,
periodontal condition and restorability of the involved tooth.
Preoperative intra oral periapical radiographs were obtained
for each subject included in the study. Electric and thermal
(cold) pulp testing were performed to assess the sensibility of
the pulp. Oral prophylaxis was done prior to the commencement of the treatment. Teeth with clinical signs and symptoms
with sensibility tests suggestive of reversible pulpitis were further recruited for the study.
Direct pulp capping procedure
Patients were given a prophylactic oral rinse of 0.2% Chlorhexidine (Rexidine mouth rinse, ICPA products) before the procedure. Under local anaesthesia (Lignocaine with 1:80,000
Adrenaline (Lignox 2%, Warren, Indoco Remedies Ltd, India)
and rubber dam isolation, caries detector dye (Caries Indicator,
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Prime Dental Products Pvt Ltd, India) was applied to the tooth
for 30 seconds and rinsed for 10 seconds to disclose the infected dentine. Caries excavation was done using sterile round
diamond points (BR 41, Mani Dia-Burs, Tochigi, Japan) and
Straight fissure (SF 11, Mani Dia-Burs, Tochigi, Japan) with high
speed airotor hand piece (NSK,Tokyo, Japan) till the stained
tooth structure was completely eliminated. At this stage, teeth
with carious pulpal exposure (0.5 to 1 mm diameter) were further chosen for direct pulp capping.

then carried to the exposure site in a highly resorbable sterile collagen membrane (Kolspon, Eucare Pharmaceuticals Pvt
Ltd., India) and positioned with the tine of a sterile explorer.

After excavation, the cavities were inspected visually for
haemostasis. If bleeding persisted a sterile cotton soaked in 1%
NaOCl was used to establish haemostasis. If the selected tooth
fulfilled the inclusion criteria, the exposed pulps were pulp
capped with any of the following three pulp capping agents.
MTA
MTA was mixed with the liquid supplied by the manufacturer
on a sterile glass slab using a stainless steel spatula. MTA
was placed in thickness of 2 mm over the pulp exposure site.
After placement, the cavity floor was dabbed with moist sterile cotton pellet.
PRP and PRF group
PRP was prepared prior to the operative procedure in accordance with the protocol developed by Sonnleitner et al. (16)
and PRF was prepared in accordance with the protocol developed by Choukroun et al. (13) The prepared PRP and PRF were
Enrollment

Restorative procedures
After placement of the pulp capping agents, the floor of the
prepared cavities were lined with type II GIC (Fuji II, GC Tokyo,
Japan). After ensuring set, the cavity was etched with 37%
Orthophosphoric acid (Tetric Etch, Ivoclar Vivadent) for 20
seconds, rinsed and dried followed by application of bonding agent (Tetric Bond , Ivoclar Vivadent). Final restoration
was done with light-cured resin composite (Tetric N Ceram,
Ivoclar Vivadent) and assessed for the presence of premature
contacts and visible marginal defects. The restoration was
finished and polished with composite finishing kit (Shofu,
Kyoto, Japan). The patients were reviewed clinically at regular intervals of 3, 6 and 12 months. CBCT assessment was
done at 6 months.
Post-operative follow up
Out of the 30 cases treated, one patient in each group complained of pain at various time points after 6 months. 27 cases
were available for follow up till 12 months. The primary outcome measure was the assessment of the quality of dentine
bridge induced. The secondary outcome measures were clinical and radiographic assessment mentioned below. The clinical and radiographic assessments were done by blinded and
trained professionals. No adverse effects were reported in any
of the groups treated.

Assessed for eligibility (n=47)

Excluded (n=12)
• Not meeting inclusion criteria (n=8)
• Declined to participate (n=2)

• (Did not prefer the suggested treatment)

Randomized (n=35)

Allocation

Allocated (n=12)
• Received allocated intervention
(n=10)
• Did not receive allocated intervention (pulp exposure >0.5 mm;
bleeding not controlled at the
exposure site) (n=2)

Allocated to intervention(n=13)
• Received allocated intervention
(n=10)
• Did not receive allocated intervention (pulp exposure >0.5 mm;
bleeding not controlled at the
exposure site) (n=3)

Allocated to intervention(n=13)
• Received allocated intervention
(n=10)
• Did not receive allocated intervention (pulp exposure >0.5 mm;
bleeding not controlled at the
exposure site) (n=3)

Follow-up

Lost to follow-up (n=0)

Lost to follow-up (n=0)

Lost to follow-up (n=0)

Analysis

Analysed (n=9)
• Excluded from analysis (Root canal
treated at 11 months) (n=1)

Figure 1. Consort flow diagram

Analysed (n=9)
• Excluded from analysis (Got the
tooth extracted due to pain at 12
months) (n=1)

Analysed (n=9)
• Excluded from analysis (Root canal
treated at 9 months due to pain
(n=1)
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Figure 2. Measurement and marking of the formed dentine bridge in MTA group for volumetric analysis. (a-c)
Localisation of three focus points below the exposure site for volumetric analysis. (d) Dentine bridge below the
exposure site marked for image segmentation and 3D image generation
MTA: SMineral trioxide aggregate

a

b

c

d

Figure 3. Measurement and marking of the formed dentin bridge in PRP group for volumetric analysis. (a-c)
Localisation of three focus points below the exposure site for volumetric analysis. (d) Dentine bridge below the
exposure site marked for image segmentation and 3D image generation
PRP: Platelet rich plasma

Clinical assessment
During each follow up visit at 3, 6 and 12 months, the pulp
capped teeth were evaluated for pulp sensibility using cold
and electric pulp testing, periodontal probing depth, mobility,
pain and tenderness to percussion.

Radiographic assessment
The pulp capped teeth were radiographically evaluated using
Digital radiography (X Ray Vision software, Dr Suni Plus) with
XCP film positioning device and standard exposure modes of
100 ms, 4 mA and 60 kVp during every postoperative visit of 3,
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Figure 4. Measurement and marking of the formed dentin bridge in PRF group for volumetric analysis. (a-c)
Localisation of three focus points below the exposure site for volumetric analysis. (d) Dentine bridge below the
exposure site marked for image segmentation and 3D image generation
PRF: Platelet rich fibrin

Figure 5. Three-dimensional reconstructed image of the dentine bridge
MTA: Mineral trioxide aggregate, PRP: Platelet rich plasma, PRF: Platelet rich fibrin

6 and 12 months. Interpretation of intra oral radiographs were
done by 3 independent assessors for the presence or absence
of hard tissue formation on a dichotomous scale (2 endodontists and 1 radiologist).
CBCT assessment
The pulp capped teeth were subjected to CBCT analysis using CS 9300 (Carestream, Rochester, New York, USA) with
small field of view (FOV) of 5×5 cm, ultra-high resolution of
90 µm (voxel size), 75 kV, 4 mA, 20 seconds exposure time
, 350 mGy/cm2 after 6 months. The CBCT images were analysed using ITK-Snap software version 3.8.0 (Fig. 2-4). Interpretation of CBCT was done by 3 independent assessors
(2 endodontists and 1 radiologist). The assessors evaluated
the CBCT for presence/absence of dentine bridge formation,
and the volume of the formed dentine bridge in mm3.The
zone below the pulp capping was oriented by visualizing

the site of exposure in the CBCT slice and was marked for
three-dimensional assessment using a cursor. The marked
zone was obtained in .STP three-dimensional file extension
format. The obtained three-dimensional file was visualized in Microsoft 3D application and the mesh data of the
formed dentine bridges was obtained as an image (Fig. 5).
For assessing these parameters, assessors had been trained
repeatedly before the evaluation. The average of the three
individual values given by each assessor were taken as the final value for each sample. The same procedure was followed
for all the subjects.
Statistical analysis
Statistical analyses were performed with IBM SPSS statistics for
Windows (IBM Corp, New York, USA). Data followed a non-normal in distribution as analysed using Shapiro Wilk’s test. Volumetric analysis across the groups were done using Kruskal
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Wallis test with the significance level at 0.05 (P=0.05). As the
test revealed a significant difference, post hoc analysis was
done with Dunn test.

TABLE 1. Pulp sensibility test results at 12 months

RESULTS
Clinical assessment
At the end of 12 month review period, 90% of the samples in
MTA, PRF and PRP group showed positive response to EPT and
Cold test. None of the subjects were observed to have an abnormal periodontal probing depth at the observed intervals
of time (Table 1).
Radiographic assessment
90% (27 cases) of the samples showed evidence of dentine
bridge formation at the end of 12 months. None of the subjects were observed to have periapical pathology at the observed intervals of time. 10% of cases were observed to have
periodontal space widening in the periapical region.
CBCT assessment
The volume of dentine bridge formed at 6 months revealed
that PRP and PRF formed significantly higher volume of dentine bridge than MTA (P<0.001) (Tables 2, 3).
DISCUSSION
Adult permanent molars and premolars with all four walls
intact were chosen for the study so that the operator has a
better command over the margins of the restoration. Mature
adult permanent teeth with clinical signs and symptoms of
reversible pulpitis were selected co-relating clinical signs and
symptoms, pulp sensibility tests and radiographic presentation. Caries indicator dye was used to assess complete caries
removal as it is one of the most reliable method to ensure
removal of infected dentine, and also prevents inadvertent
removal of healthy tooth structure (17). Bleeding at the exposure site, if present was controlled using 1% NaOCl as it is a
strong prognostic indicator of pulp capping (18). At the end
of 12 months, 90% of teeth showed positive response to pulp
sensibility test and tested negative to pain and tenderness on
percussion. However, none of the teeth that were reviewed
demonstrated increased periodontal probing depth at 12
months. There was radiographic evidence of dentine bridge
formation in 27 teeth out of the 30 treated. 2 out of 30 cases
presented with increased periodontal ligament space widening: one from MTA (at 9 months) and PRF group (at 11 months)
which were root canal treated. One teeth in PRP group was extracted due to pain at the 12th month follow up. MTA induces
the proliferation of pulp cells, releases cytokines, and promotes
hard tissue formation (7). MTA also elaborates TGFβ1 which
plays a key role in migrating the progenitor cells of the pulp
and differentiating them to form odontoblast like cells (19).
These differentiated cells form dentinoid tissue which is suggestive of more of a reparative process than regeneration (12).
PRP significantly increased the ALP activity and FGF (Fibroblast
Growth Factor) in PRP regulates the structures of regenerated
dental pulp and calcified tissues and acts synergistically with
TGF-β1 and IGF-1 to positively influence their inductive effects
on odontoblastic differentiation (20). Even though bovine

S. no		

Cold test			

119

Electric pulp test

		 Number of cases treated		Number of cases treated
		 (Number of cases with		 (Number of cases with
		
positive response)		 positive response)

% of cases
with positive
response at
12 months

MTA
10 (9)

PRP
10 (9)

PRF
10 (9)

MTA
10 (9)

PRP
10 (9)

PRF
10 (9)

90

90

90

90

90

90

MTA: Mineral trioxide aggregate, PRP: Platelet rich plasma, PRF: Platelet rich fibrin

TABLE 2. Volume of dentine bridge formation in the three groups
– Kruskal Wallis test
Group (n=10)

Mean
(mm3)

Standard
deviation

P

MTA
PRP
PRF

0.0720
0.1392
0.1368

0.0181
0.0161
0.0128

<0.001

MTA: Mineral trioxide aggregate, PRP: Platelet rich plasma, PRF: Platelet rich
fibrin

TABLE 3. Pairwise comparison between MTA, PRP and PRF
Group

Test
statistic

Standard
error

P

MTA vs PRF
MTA vs PRP
PRP vs PRF

-14.850
-15.150
0.300

3.855
3.855
3.855

<0.001*
<0.001*
0.938

*Denotes statistical significance. mm3: volume of dentine bridge in cubic millimetres, MTA: Mineral trioxide aggregate, PRP: Platelet rich plasma, PRF: Platelet
rich fibrin

thrombin used in the preparation of PRP may be associated
with the development of antibodies to the factors V, XI and
thrombin, hypothesised to cause coagulopathies (20), none of
the studies published so far have reported any adverse events
with the use of PRP (8-10). Owing to these controversies linked
to the use of PRP, second generation platelet concentrates are
being preferred. PRF is rich in leukocytes that are responsible
for additional growth factor release apart from imparting immunity. The fibrin scaffold also entraps growth factors and is
responsible for the sustained release (21). All these bioactive
elements are secreted by platelet concentrates. Though PRP
contains concentrated growth factors, the maximum release
is attained only immediately after activation, that is after the
addition of bovine thrombin (14).
So far, no clinical study has been performed comparing MTA,
PRP and PRF as pulp capping agents to compare the results with
our study. In studies conducted so far comparing MTA/PRF (22)
or PRP/PRF (23) or MTA/PRP (24) for regenerative procedures,
the outcomes of the materials have been comparable. The success rate of direct pulp capping in our study is consistent with
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the results of various other studies in the literature (25, 26). Thus,
the null hypothesis is rejected in the current study.

Within the limitations of this study, it can be concluded that
the two novel pulp capping agents namely PRP and PRF produced promising results comparable to the current gold standard material MTA. Based on the clinical, radiographic and
CBCT observations of the current study, it could be deduced
that both PRF and PRP could be promising alternatives to MTA
for direct pulp capping in adult permanent teeth with carious
exposure. There was no significant difference in success rates
between MTA, PRP and PRF.

A complete removal of carious dentine was carried out in this
study. The bioactive factors released from demineralized dentine are therefore not available for stimulating the DPSCs into
odontoblast-like cells, and all reconstructive processes are attributable to the pulp capping agents applied (27). In 6 months,
CBCT measurements were made to assess the formation of the
dentine bridge using radiodensity values, which indicate the
extent of mineralization of dentine that cannot be determined
histologically. The three-dimensional reconstructed image of
the formed dentine bridge and the resultant volume could be
assessed using the ITK snap software.
Nowicka A et al. (15) has utilised CBCT as an imaging modality to assess dentine bridge formation in third molars indicated for extraction and correlated the findings with histomorphometric analysis. The present study has utilized CBCT
to assess dentine bridge formation in situ. There has been
no destruction of samples in the study. Elmsmari (2019)
considered 6 months adequate to assess the outcomes of
pulp capping in his study (28). Hence in our study, 6 months
has been used as the optimal time frame for CBCT assessment; clinical and radiographic assessments were done at
12 months though.
This study employed a small FOV of 5×5 cm for endodontic
applications. According to Ludlow et al. (29) the effective dose
following adult exposure at 5×5 cm FOV was found to be as
low as 3 µS with reduction in radiation exposure ranging between 0-85% based on the varying exposure parameters such
as kilovoltage potential, current, exposure time and FOV. The
overall performance of PRF was found to be better as a pulp
capping agent. This outcome can be attributed to the slow
and sustained release of growth factors from PRF.
CBCT revealed that MTA produced similar clinical results to
PRP and PRF, although the amount of dentine bridge formed
by MTA was considerably less than the other two groups.
This could be because MTA is only a biomaterial and not a biological alternative like PRP and PRF. Though MTA is proven
to induce dentine bridge formation by inducing biochemical
pathways, platelet concentrates provide the necessary bioactive substances in readymade form and they circumvent the
natural biological process of induction.
We found that both of the experimental materials formed dentine bridges comparable to MTA. The success rates of MTA, PRP
and PRF as direct pulp capping agents did not differ significantly. To our knowledge, PRP and PRF have not been evaluated in vivo as direct pulp capping agents in combination with
CBCT. Based on the clinical, radiographic and CBCT observations of the current study, it could be inferred that platelet
concentrates could be a promising alternative to MTA for direct pulp capping in adult permanent teeth with carious exposure. However, the study should be done on a larger sample
size in different clinical set-ups with longer follow-up periods
to validate the results of the current study.

Disclosures
Conflict of interest: The authors deny any conflict of interest.
Ethics Committee Approval: This study was approved by The Tamilnadu
Government Dental College Ethics Committee (Date: 29/04/2014, Number:
0430/DE/2010).
Peer-review: Externally peer-reviewed.
Financial Disclosure: This study did not receive any financial support.
Authorship contributions: Concept – M.K.; Design – M.K., S.S.; Supervision
– M.K.; Funding - S.S.; Materials - S.S.; Data collection and/or processing – S.S.;
Analysis and/or interpretation – S.S., M.K., N.S.; Literature search – S.S., M.K.,
N.S.; Writing – S.S.; Critical Review – S.S., M.K., N.S.

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
12.
13.

Chandra S, Gopikrishna V. Grossman’s endodontic practice. 12th ed. India:
Wolters Kluwer; 2010.
Klein-Júnior CA, Reston E, Plepis AM, Martins VC, Pötter IC, Lundy F, et al.
Development and evaluation of calcium hydroxide-coated, pericardiumbased biomembranes for direct pulp capping. J Investig Clin Dent 2019;
10(1):e12380. [CrossRef ]
Keswani D, Pandey RK, Ansari A, Gupta S. Comparative evaluation of
platelet-rich fibrin and mineral trioxide aggregate as pulpotomy agents
in permanent teeth with incomplete root development: a randomized
controlled trial. J Endod 2014; 40(5):599–605. [CrossRef ]
Mahgoub N, Alqadasi B, Aldhorae K, Assiry A, Altawili ZM, Tao Hong.
Comparison between iRoot BP Plus (EndoSequence Root Repair Material) and mineral trioxide aggregate as pulp-capping agents: a systematic
review. J Int Soc Prev Community Dent 2019; 9(6):542–52.
Bollu IP, Velagula LD, Bolla N, Kumar KK, Hari A, Thumu J. Histological
evaluation of mineral trioxide aggregate and enamel matrix derivative
combination in direct pulp capping: An in vivo study. J Conserv Dent
2016; 19(6):536–40. [CrossRef ]
Suhag K, Duhan J, Tewari S, Sangwan P. Success of direct pulp capping
using mineral trioxide aggregate and calcium hydroxide in mature permanent molars with pulps exposed during carious tissue removal: 1-year
follow-up. J Endod 2019; 45(7):840–7. [CrossRef ]
Parirokh M, Torabinejad M. Mineral trioxide aggregate: a comprehensive
literature review-Part III: Clinical applications, drawbacks, and mechanism of action. J Endod 2010; 36(3):400–13. [CrossRef ]
Bezgin T, Yilmaz AD, Celik BN, Kolsuz ME, Sonmez H. Efficacy of plateletrich plasma as a scaffold in regenerative endodontic treatment. J Endod
2015; 41(1):36–44. [CrossRef ]
Narang I, Mittal N, Mishra N. A comparative evaluation of the blood clot,
platelet-rich plasma, and platelet-rich fibrin in regeneration of necrotic
immature permanent teeth: A clinical study. Contemp Clin Dent 2015;
6(1):63–8. [CrossRef ]
Wang X, Zhang Y, Choukroun J, Ghanaati S, Miron RJ. Effects of an injectable platelet-rich fibrin on osteoblast behavior and bone tissue formation in comparison to platelet-rich plasma. Platelets 2018; 29(1):48–
55. [CrossRef ]
Marx RE. Platelet-rich plasma: evidence to support its use. J Oral Maxillofac Surg 2004; 62(4):489–96. [CrossRef ]
Kunert M, Lukomska-Szymanska M. Bio-ınductive materials in direct and
indirect pulp capping-a review article. Materials (Basel) 2020; 13(5):1204.
Choukroun J, Adda F, Schoeffler C, Vervelle A. An opportunity in perioimplantology: the PRF. Implantodontie 2001; 42:55–62.

EUR Endod J 2022; 7: 114-21
14. Dohan Ehrenfest DM, de Peppo GM, Doglioli P, Sammartino G. Slow release of growth factors and thrombospondin-1 in Choukroun's plateletrich fibrin (PRF): a gold standard to achieve for all surgical platelet concentrates technologies. Growth Factors 2009; 27(1):63–9. [CrossRef ]
15. Nowicka A, Wilk G, Lipski M, Kołecki J, Buczkowska-Radlińska J. Tomographic evaluation of reparative dentin formation after direct pulp capping with Ca(OH)2, MTA, biodentine, and dentin bonding system in human teeth. J Endod 2015; 41(8):1234–40. [CrossRef ]
16. Sonnleitner D, Huemer P, Sullivan DY. A simplified technique for producing platelet-rich plasma and platelet concentrate for intraoral bone
grafting techniques: a technical note. Int J Oral Maxillofac Implants 2000;
15(6):879–82.
17. Sadasiva K, Kumar KS, Rayar S, Shamini S, Unnikrishnan M, Kandaswamy
D. Evaluation of the efficacy of visual, tactile method, caries detector dye,
and laser fluorescence in removal of dental caries and confirmation by
culture and polymerase chain reaction: an in vivo study. J Pharm Bioallied
Sci 2019; 11(Suppl 2):S146–50. [CrossRef ]
18. Kalhoro FA, Katpar S. Direct pulp capping: degree of bleeding is a strong
candidate as prognosis index, in-vivo study. Pakistan Oral & Dental Journal 2008; 28(2):253–56.
19. Laurent P, Camps J, About I. Biodentine(TM) induces TGF-β1 release from
human pulp cells and early dental pulp mineralization. Int Endod J 2012;
45(5):439–48. [CrossRef ]
20. Sánchez AR, Sheridan PJ, Kupp LI. Is platelet-rich plasma the perfect enhancement factor? A current review. Int J Oral Maxillofac Implants. 2003;
18(1):93–103.
21. Kobayashi E, Flückiger L, Fujioka-Kobayashi M, Sawada K, Sculean A,
Schaller B, et al. Comparative release of growth factors from PRP, PRF, and
advanced-PRF. Clin Oral Investig 2016; 20(9):2353–60. [CrossRef ]
22. Manhas M, Mittal S, Sharma AK, Gupta KK, Pathania V, Thakur V. Biolog-

Shobana et al. Direct pulp capping in symptomatic reversible pulpitis

23.

24.

25.

26.

27.

28.

29.

121

ical approach in repair of partially inflamed dental pulp using secondgeneration platelet-rich fibrin and mineral trioxide aggregate as a pulp
medicament in primary molars. J Indian Soc Pedod Prev Dent 2019;
37(4):399–404. [CrossRef ]
Murray PE. Platelet-rich plasma and platelet-rich fibrin can induce apical
closure more frequently than blood-clot revascularization for the regeneration of immature permanent teeth: a meta-analysis of clinical efficacy.
Front Bioeng Biotechnol 2018; 6:139. [CrossRef ]
Ghoddusi J, Maghsudlu A, Jafarzadeh H, Jafarian A, Forghani M. Histological evaluation of the effect of platelet-rich plasma on pulp regeneration
in nonvital open apex teeth: an animal study. J Contemp Dent Pract 2017;
18(11):1045–50. [CrossRef ]
Paula AB, Laranjo M, Marto CM, Paulo S, Abrantes AM, Casalta-Lopes J, et
al. Direct pulp capping: what is the most effective therapy?-Systematic
review and meta-analysis. J Evid Based Dent Pract 2018; 18(4):298–314.
Wang M, Ma L, Li Q, Yang W. Efficacy of Er:YAG laser-assisted direct pulp
capping in permanent teeth with cariously exposed pulp: A pilot study.
Aust Endod J 2020; 46(3):351–7. [CrossRef ]
Hargreaves KM, Law AS. Regenerative endodontics. In: Hargreaves KM,
Cohen S. editors. Cohen’s pathway of the pulp. 10th ed. China: Mosby;
2011. p 602–16. [CrossRef ]
Elmsmari F, Ruiz XF, Miró Q, Feijoo-Pato N, Durán-Sindreu F, Olivieri JG.
Outcome of partial pulpotomy in cariously exposed posterior permanent
teeth: a systematic review and meta-analysis. J Endod 2019; 45(11):1296–
306. [CrossRef ]
Ludlow JB, Timothy R, Walker C, Hunter R, Benavides E, Samuelson DB,
et al. Effective dose of dental CBCT-a meta analysis of published data
and additional data for nine CBCT units. Dentomaxillofac Radiol 2015;
44(1):20140197. [CrossRef ]

