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[Abstract] Objective To investigate the outcomes of a novel direct pulp capping agent containing platelet-rich fi-
brin (PRF) and mineral trioxide aggregate (MTA). Methods A total of 32 New Zealand rabbits were randomly divided
into 4 groups, namely, the PRF+MTA group (P+M group), PRF group (P group), MTA group (M group) and blank control
group (BC group), with 8 rabbits per group. Dental pulp exposure and direct pulp capping were performed, and complete
crown square sealing was performed on 2 mandibular central incisor teeth of each rabbit. Four rabbits from each group
were euthanized after each observation period (7 and 28 days). The experimental teeth were subjected to HE staining.
Inflammatory cell infiltration, calcified bridge formation and pulp tissue disorganization were observed and graded.

Results Inflammatory cell infiltration: on the 7" day, group P+M and group M were lighter than group BC (P < 0.05);
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on the 28" day, group P+M was lighter than group P and group BC (P < 0.05); group P+M and group M did not signifi-
cantly differ (P > 0.05). Calcified bridge formation: on the 7" and 28" days, group P+M was lighter than group P, group
M and group BC (P < 0.05); on the 28" day, group M was higher than group BC (P < 0.05). Under microscope, the calci-
fied bridge contained cellular components and was surrounded by odontoblast-like cells, sharing a structure resembled
osteodentin; dentin tubule-like structure could not be observed in calcified bridge, and the calcified bridge resembled
certain points of osteodentin. Pulp tissue disorganization: on the 7" day, group P+M and group M were lighter than
group BC (P < 0.05); on the 28" day, group P+M was lighter than group P and group BC (P < 0.05). group P+M and
group M did not significantly differ (P > 0.05). Conclusion The combination of PRF and MTA for direct pulp capping

provided light inflammatory cell infiltration, stable pulp status and a strong ability of pulp tissue to form calcified

bridge, and the calcified bridge resembled certain points of osteodentin.
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a: the gingiva was disinfected with iodophor; the buccal gingiva of the mandibular central incisor was incised, the flap was turned over, and
part of the buccal alveolar bone wall was removed; exposure hole was prepared; b: direct pulp capping agents were placed above the perfora-

tion hole (yellow arrow); c: after placing the pulp capping agents, all samples were tightly filled with glass ionomer cement; d: gingival flap

was sutured tightly

Figure 1  Direct capping procedure of mandibular central incisors in rabbit
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The odontoblast zone, cell-rich zone and pulp core were observed,

but a Weil zone was absent
Figure 2 Basic histologic image of the normal pulp of the
mandibular central incisors in rabbits (HE X100)
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Group P+M Group BC

On the 7" day, in group P+M (al): inflammatory cells around the exposure were almost entirely absent, CB formed just below the perforation and
almost covered the entire pulpal exposure; the structure and morphology of the pulp were normal, and scattered inflammatory cells and congested
blood vessels appeared in the pulp chamber. In group P (b1): dense inflammatory cells infiltrated around the exposure, which was defined as mod-
erate inflammation; CB formed below the perforation and covered only a small part of pulpal exposure; the pulp lost its normal tissue structure,
and necrosis appeared with a large number of blood vessels and calcified masses in the deep part of the pulp. In group M (c1): a few scattered in-
flammatory cells appeared around the exposure; CB covered a small portion of the exposed surface; the pulp structure was disorganized, and a
large amount of calcified masses were found in the pulp. In group BC (d1): severe inflammatory infiltration appeared around the exposure, no CB
formed, the pulp structure was disorganized, and a large number of calcifications filled the deep part of pulp, with decreased cell composition and
marked vascular congestion (as shown in the black box)

On the 28" day, in group P+M (a2): necrosis was evident around the exposure, slightly below, CB connected to the ID and completely covered the
entire pulpal exposure; the structure and morphology of the pulp were normal, and a large number of calcified masses were observed in the deep
part of the pulp. In group P (b2): some necrotic tissue, dentin fragments and dense inflammatory cells were observed around the exposure, which
was defined as severe inflammation; no CB formed below perforation; the pulp lost its normal tissue structure, and a large number of calcified
masses were observed in the deep part of the pulp. In group M (c2): some necrosis was observed at the perforation of the pulp, and CB was
formed below, covering most of the perforation area; the structure and morphology of the pulp were normal. In group BC (d2): a large amount of
amorphous necrotic tissue was observed around the perforation and pulp cavity. Asterisk: perforation; CB: calcified bridge; ID: irritation dentin.
group P+M: PRF+MTA. group P: PRF. group M: MTA. group BC: blank control. PRF: platelet-rich fibrin. MTA: mineral trioxide aggregate

Figure 3  Histological images of pulp in each group 7 days and 28 days after direct pulp capping of rabbit teeth
3 RAHBEEMMARGT .28 dEAHFHEHLUFRN
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a: group BC, the BT is embedded with oval osteocytes (arrow); b:
group P+ M, reparative dentin was observed on the pulpal side
which could be called OD, with cells inside (yellow arrows) and lay-
er of odontoblast-like cells below(yellow arrowheads); CB contained
cellular components(black arrows) and was surrounded by odonto-
blast - like cells(black arrowheads), sharing a structure resembled
OD. BT: bone trabecula; OD: osteodentin; CB: calcified bridge. HE
staining group BC: blank control. group P+M: PRF+MTA. PRF:

platelet-rich fibrin. MTA: mineral trioxide aggregate
Figure 4 Histological features of bone trabecula, osteodentin and calcified bridge 7 days after direct pulp capping of rabbit teeth
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Table 1 ~ Overview and statistical results of histological grading of dental pulp in each group

Groups P+M (n = 15) P(n=14) M (n = 16) BC (n = 16) P
Evaluations 7d 28d 74 28d 7d 28 d 7d 28 d 7d 28d

1 6 7 2 1 5 6 0 0

icl 2 1 1 4 1 2 1 2 1 0.001" <0.001"
3 0 0 2 4 1 1 6 7
1 5 7 0 0 1 1 0 0

CBF 2 1 1 2 1 2 2 0 0 0.002' <0.001"
3 1 0 6 5 5 5 8 8
1 1 1 0 0 0 0 0 0

PTD 2 5 7 2 1 6 5 0 0 0.002° <0.001°
3 1 0 6 5 2 3 8 8

ICIL: inflammatory cell infiltration; CBF: calcified bridge formation; PTD: pulp tissue disorganization; test analysis: Kruskal-wallis 1-way ANOVA. * repre-
sented P <0.05. Group P+M: PRF+MTA. Group P: PRF. Group M: MTA. Group BC: blank control. PRF: platelet-rich fibrin. MTA: mineral trioxide ag-

gregate

@ Pairwise comparisons of ICI on 7", 28" day Q Pairwise comparisons of CBF on 7", 28" day G Pairwise comparisons of PTD on 7", 28" day
(7d) (28d) (7d) (28d) (7d) (28d)
% * * «
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* * . N— * *
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= = 5 = 5
; I i [
0 0 0
P+M P M BC P+M P M BC P+M P M BC P+M P M BC P+M P M BC P+M P M BC

a: the pairwise comparisons of ICI; b: the pairwise comparisons of CBF; ¢: the pairwise comparisons of PTD. ICI: inflammatory cell infiltration. CBF:
calcified bridge formation. PTD: pulp tissue disorganization. *: P < 0.05. Group P+M: PRF+MTA. Group P: PRF. Group M: MTA. Group BC: blank
control. PREF: platelet-rich fibrin. MTA: mineral trioxide aggregate

Figure 5 Pairwise comparisons of histological grading of dental pulp between groups

5 YA HE 2 0 S 1) W EL A

A — 5 AT R A B B TR TIT Y B AR S WGBSR IE | NI 5 A 40 i 952 5 e B2 L M2
LGV fih, (BT R N T B9 -5 B0 2 Kk 11T FP+M A T,

7R A 0 M RE A B — i A AT 75 P 4 MTA J& —Fi B AT & % B PERE 0 B BT w P fE
1R & i A L 352 T P2 B 44 BC AR 5 PRI SRt o7 i AR LE AR AR A G PR AT RL, BF 5 R, 5



b

ARE&EmMmBE 2023E38 $31% H3H

Journal of Prevention and Treatment for Stomatological Diseases, Mar. 2023, Vol.31 No.3  http://www.kqjbfz.com + 177 -

FAALEG A L, MTA - 1532 55 56 5 T8 B A
J M o B, RIFLBR D B4 IR, HOA i R
ACERTT 0 MTA 0 FH T 16 5 58 B8 1l 8 e 2F 1)
E AT REA , SEHUE I 0 15 BE OR AT, OIS B0 I R
R OARBE g R X L PHM LS M4, & B P+
M 4 985 S i 5 ML AR > (EJE 180 A6 A i) A2
B MTA 41/, Ut BH PREF BX A MTA 15 Sk 35 86 71 1
T HIESGREARBA B &k
3.2 ASALHRUL LR G L AR AR

MBS I A i DA S PR I B B AR
JoT A0 M AR AT RN SE 0k B B A WA 1) A AR
Jo B o 2, T A A () 5T b, DA X S 4 i
e At B — S B IR A8, B X
SRS E VA A BURR Z R HFE A A A
YL ZERE AL T IR L S AR B A A 28T
HREFAR, BA R T A AT /N 4
SEHRAE  ES AL AT BB R B AR NV RS R
AR BULH & IR, E ) 8 1 2 55 B R SIS AL A B, X
KA LU W — o i, 5 B  F URE  BE Y
BURFAE G VA AT, N2 5 A 4, B8
CF A AN A2, A2 R IR B R AR, (HL L
16 52 M 28 A 0T [ R DL IR 3 28 A B /N4 o T Tran
R UK RERRES MR TR BB F B s R
B, ZE L AL W% 1485 44 25 A0 T 00 30 2F A o A 18
VSR AT, AT W ARSI ZEEL A SF A B /N o X AT
AEJE B T S0 s WA (R 36 B, B )d Tk i 2h i
50 A R B R, DR AR B 9 5 B A 1 H O
HAP R WY = AR FEAM FURIECT |, = 4
i 2 A2 1) A A T A 2 L 0 HE A PR O 18 [
o, B 2 AE DR TR AF R v %) i PR A AR o 1 i
M IR B Sl = /N8 5 4 B A 2 AR 5T, FE 2R AL
THIERL T B A A B A5 AT . (B LA BiF
FER IR, B R S A i ol £ 4 R o AR 5 T e
TR AT HIE B, Y WA A B e 4 208 i
BRI A FTARARIE B, 13X — 37 51 5 52 30 AR (1) )
R R i | R K (271115 VO S
33 ABEMARTHMMHGS LT

ASZE v T B O LAES A kN Wl A e
BUES A A 1 7 B P 2R R AL, X 5 Suzuki 55711
W5 A T 22 51, 98k BATORS BERG 45 %) T K
B L 42 2 AR B, S5 860 T O LA)Z 2 2 OB K
M oF A S iy B P 2R AL . 6B TSR, KI5
7 d, B Ak H BUAE SR BB FLAL | 1 7 S
LS T J7 A2 B, VR 5 Ak kb 2 Rl P LS 1k

B o AR K 28 L i B 7R A B o A0S S 50 5 OF i
X B, DA T A 2 AL FERLICA B A
20 B Y A= T P T ORIOE A B, e AT
AR A AR A i L AT 2 AL

TS H W1 , 55 B8R 5 8 A 8BS AR AT Z A A
e/ RSB A 24 A5, X =R
HARMLT = WA EH, )5, 85 AT 5 S5 HE T 2
] 3 B> SRAEZH 2RI RE I [A D i A AN
RS 1, 5 B0k A 55 6 7R MG AL 2 18] ) 2 21
Ab T PR 1 G AR A SR ks (] Al T
B SR G I — 2P R AR IR AL (A AL TR
75 DI 2 R 451 0348 52 10 20 TR IR AN AR B &R
7%, WHEIE A R AF T AT Bk
34 FEEIRELEE

ARSI W A A — 5 AN AR, AR WSS I TA] 1
AN, AR SR L s T 2B FEAR G 7 d,
ZERESL T 7 S B ES AR IE B, 7T 5 L
IF A K5 SOULEE IR T8] |, GieRe UL 5E I [a] 3 5 A R 5
3.7.14.28.54 d, X FERY 1 B AT RE R T ILEE B
PO B i

L LJEak , PRF B4 MTA 7 T B4 55 R
I, 4B A AE S I R B A H 5 MTA R >4, (I A
5 AL Y BE 7 MTA 58, 4540 1 19 4548 2 01 T
FEFA B . AH AR R 5 AL B 2 Y 3 50 R A
B, H s B R 2 i A5 AL 2 i 75 5, B
J 5 AN [ 2 75 2352 Wi B A 1 2 4 28 4 D 1 4
T AT AT R R T AT R
[ Author contributions] Yang X peformed the experiments, ana-
lyzed the data, and wrote the article. Yan ZH, Liu J, Hu YP revised the

article. Li SF designed the study. All authors read and approved the fi-

nal manuscript as submitted.

S Lk

[1]  Jin R, Song G, Chai J, et al. Effects of concentrated growth factor
on proliferation, migration, and differentiation of human dental
pulp stem cells in vitro[J]. J Tissue Eng, 2018, 9: 2041731418817505.
doi: 10.1177/2041731418817505.

[2]  Woo SM, Kim WJ, Lim HS, et al. Combination of mineral trioxide
aggregate and platelet-rich fibrin promotes the odontoblastic differ-
entiation and mineralization of human dental pulp cells via BMP/
Smad signaling pathway[J]. ] Endod, 2016, 42(1): 82 - 88. doi:
10.1016/j.joen.2015.06.019.

31  WIEM B, BUESE 55 PREBES MTA T8 B A
I A% 2 R (1] 1 B2 2 1 5%, 2021, 37(7): 656-660. doi:
10.13701/j.cnki.kqyxyj.2021.07.017.

Hu YP, Yang X, Yan ZH, et al. Radiographic study of PRF com-
bined with MTA for direct pulp capping of rabbit teeth[J]. J Oral



- 178 -

b

OB &fwAE 2023FE3H H$31% F3H

Journal of Prevention and Treatment for Stomatological Diseases, Mar. 2023, Vol.31 No.3  http://www.kqjbfz.com

[4]

[5]

[6]

(71

(8]

9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Sci Res, 2021, 37(7) : 656-660. doi: 10.13701/j.cnki.kqyxyj.2021.
07.017.

El-Din EA, Hamama HH, Abo EE, et al. The effect of four materi-
als on direct pulp capping: an animal study[J]. Aust Endod J,
2020, 46: 249-256. doi: 10.1111/aej.12400.

Soliman HA, El-Toukhy RI, Ebrahim MM, et al. Influence of selec-
tive immunosuppressive drug regimens on the healing of exposed
dogs” dental pulp capped with a recent calcium silicate-based ce-
ment[J]. Clin Oral Investig, 2022, 26(2): 1417-1425. doi: 10.1007/
s00784-021-04116-y.

Qiao J, An N, Ouyang XY. Quantification of growth factors in dif-
ferent platelet concentrates[J]. Platelets, 2017, 28(8): 774 - 778.
doi: 10.1080/09537104.2016.1267338.

Nosrat A, Bolhari B, Saber TS, et al. Revitalizing previously treat-
ed teeth with open apices: a case report and a literature review[J].
Int Endod J, 2021, 54(10): 1782-1793. doi: 10.1111/iej.13570.
Chen Y, Chen XL, Zhang YL, et al. Materials for pulpotomy in im-
mature permanent teeth: a systematic review and meta-analysis[J].
BMC Oral Health, 2019, 19(1): 227. doi: 10.1186/s12903-019 -
0917-z.

Kulkarni MR, Mohan J, Bakshi PV. Platelet-rich fibrin as a graft-
ing material in periapical surgery: a case series[J]. Int J Periodon-
tics Restorative Dent, 2019, 39(4): 123 -127. doi: 10.11607/prd.
3510.

Dou L, Yan QF, Yang DQ. Effect of five dental pulp capping
agents on cell proliferation, viability, apoptosis and mineralization
of human dental pulp cells[J]. Exp Ther Med, 2020, 19(3): 2377-
2383. doi: 10.3892/etm.2020.8444.

Isobe K, Watanebe T, Kawabata H, et al. Mechanical and degrada-
tion properties of advanced platelet-rich fibrin (A-PRF), concen-
trated growth factors (CGF), and platelet-poor plasma-derived fi-
brin (PPTF)[J]. Int J Implant Dent, 2017, 3(1): 17. doi: 10.1186/
s40729-017-0081-7.

Girija K, Kavitha M. Comparative evaluation of platelet-rich fi-
brin, platelet-rich fibrin + 50 wt% nanohydroxyapatite, platelet -
rich fibrin + 50 wt% dentin chips on odontoblastic differentiation--
an in vitro study-part 2[J]. J Conserv Dent, 2020, 23(4): 354-358.
doi: 10.4103/JCD.JCD_3_20.

Saeed M, El-Rahman MA, Helal ME, et al. Efficacy of human
platelet rich fibrin exudate vs fetal bovine serum on proliferation
and differentiation of dental pulp stem cells[J]. Int J Stem Cells,
2017, 10(1): 38-47. doi: 10.15283/ijsc16067.

Yaemkleebbua K, Osathanon T, Nowwarote N, et al. Analysis of
hard tissue regeneration and Wnt signalling in dental pulp tissues
after direct pulp capping with different materials[J]. Int Endod J,
2019, 52(11): 1605-1616. doi: 10.1111/iej.13162.

Murat M, Ekim OO, Burcu S, et al. The inflammatory response of
the pulp after direct capping with platelet-rich plasma and enamel
matrix derivative: a controlled animal study[J]. Open J Stomatol,
2014, 4(1) : 14-21. doi: 10.4236/0jst.2014.41004.

ZEAOR, PN, TR, WA R AR S
T 2 2 RS A G X LE LD PR E A0 TR, 2017, 21

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

(14): 2234-2240. doi: 10.3969/j.issn.2095-4344.2017.14.017.

Li YB, Sun YC, Wei RZ, et al. In vitro degradation of concentrated
growth factor fibrin versus platelet-rich fibrin[J]. Chin J Tissue Eng
Res, 2017, 21(14): 2234 - 2240. doi: 10.3969/j.issn.2095 -
4344.2017.14.017.

Ersahan S, Oktay EA, Sabuncuoglu FA, et al. Evaluation of the cy-
totoxicity of contemporary glass-ionomer cements on mouse fibro-
blasts and human dental pulp cells[J]. Eur Arch Paediatr Dent,
2020, 21(3): 321-328. doi: 10.1007/s40368-019-00481-1.

Nangia U, Mala K, Shetty N, et al. Histological analysis of human
pulp following direct pulp capping with different materials: an ex
vivo study[J]. J Conserv Dent, 2021, 24(6): 585-588. doi: 10.4103/
jed.jed_486_21.

Didilescu AC, Cristache CM, Andrei M, et al. The effect of dental
pulp-capping materials on hard-tissue barrier formation: a system-
atic review and meta-analysis[J]. ] Am Dent Assoc, 2018, 149(10):
903-917. doi: 10.1016/j.adaj.2018.06.003.

El-Din EA, Hamama HH, Abo EE, et al. The effect of four materi-
als on direct pulp capping: an animal study[J]. Aust Endod J,
2020, 3(4): 345-349. doi: 10.1111/aej.12400.

VA, T, PRET, A R UE A e R AT i SR AR MR
TARARAT I B 7141 15 B SCHRAZ > 0], H BB B R, 2020,
28(11): 723-727. doi: 10.12016/.issn.2096-1456.2020.11.008.
Tan XL, Ning JL, Xu WZ, et al. Case report and literature review
of vital pulp preservation by endodontic microsurgery at the distal
buccal root of maxillary molar[J]. J Prev Treat Stomatol, 2020, 28
(11): 723-727. doi: 10.12016/j.issn.2096-1456.2020.11.008.
Alsubait S, Aljarbou F. Biodentine or mineral trioxide aggregate
as direct pulp capping material in mature permanent teeth with
carlous exposure? A systematic review and meta-analysis[J]. Oper
Dent, 2021, 46(6): 631-640. doi: 10.2341/20-277-LIT.

TERC LU B M. 7R b st LR T AR R,
2012: 70.

Yu SF. Oral Histopathology[M]. 7th ed. Beijing: People’s Medical
Publishing House, 2012: 70.

Tran X, Vinh SH, Truong MT, et al. Reparative mineralized tissue
characterization after direct pulp capping with calcium - silicate -
based cements[J]. Materials(Basel), 2019, 12(13): 2102. doi:
10.3390/mal2132102.

Tziafas D. Characterization of odontoblast-like cell phenotype and
reparative dentin formation in vivo: a comprehensive literature re-
view[]]. J Endod, 2019, 45(3): 241-249. doi: 10.1016/}.joen.2018.
12.002.

Suzuki M, Taira Y, Kato C, et al. Histological evaluation of direct
pulp capping of rat pulp with experimentally developed low-viscos-
ity adhesives containing reparative dentin - promoting agents[J]. J

Dent, 2016, 44: 27-36. doi: 10.1016/j.jdent.2015.11.005.
(4358 KM, BRFHT)




