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Research progress of platelet-rich fibrin in alveolar ridge preservation
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INTRODUCTION

The alteration of the hard- and soft-tissue contour after
tooth extraction has been studied extensively. Research has
found that significant changes in the alveolar bone and
surrounding tissues occur after the extraction of natural
teeth'. Particularly in the upper jaw, a large amount of bone
loss occurs during the natural healing process after tooth
extraction, resulting in changes in the three-dimensional
shape of the alveolar bone?. These changes bring difficul-
ties to later implant restoration, and complex soft- and
hard-tissue incremental surgery is often required to com-
pensate for tissue defects®. Even though different treat-
ments have been attempted to reduce or avoid surround-
ing tissue defects caused by tooth loss, studies have failed
to identify a technique that compensates for that issue’.
Therefore, finding a safe and inexpensive biological mate-
rial for alveolar ridge preservation is a common goal in
current research.

Biological additives, such as platelet concentrates, have
also been proposed as adjunctive therapies for bone regenera-
tion. As a second-generation blood concentrate, platelet-rich
fibrin (PRF) is rich in platelets and various cytokines (which
can effectively promote the regeneration of soft and hard tis-
sues) and has the advantages of low cost and easy prepara-
tion’. In addition, the preparation of PRF does not require
the addition of anticoagulants, and all components origi-
nate from the body, which eliminates ethical controversy.
At the same time, its three-dimensional structural features
increase its stability, making it suitable for long-term use®.
Randomized controlled studies have shown that the use of
L-PREF as a socket filling material to achieve the preservation
of horizontal and vertical ridge dimensions 3 months after a
tooth extraction is beneficial’.

This article aimed to review the development history, appli-
cation prospects, and research results of soft tissue and alveolar
bone PRF in order to provide theoretical support for the clin-
ical application of PRE
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METHODS

We searched the PubMed database for English-language articles
in peer-reviewed journals that were published between April
1995 and December 2020 using the terms “platelet concen-
trates,” “platelet-rich plasma,” and “platelet-rich fibrin.” We
checked the relevance of the titles and abstracts of the 4,025
articles searched. We reviewed and presented the development of
platelet concentrates. Then, the PubMed database was searched
using the terms “platelet-rich fibrin,” “alveolar bone,” and
“application.” Randomized, double-blind, placebo-controlled
trials (RCTs) with results reported as intention-to-treat analy-
ses were considered the highest quality data. Large prospective
cohort studies, meta-analyses, and systematic literature reviews
were also included as appropriate for supplementing the RCT
results. There were no specific inclusion or exclusion criteria.
‘The reference lists of retrieved reviews were searched for addi-
tional articles, and the relevant references from retrieved arti-
cles were also evaluated. The effects of PRF on alveolar ridge
preservation and soft-tissue protection are discussed below with

reference to these documents (Figure 1).

DEVELOPMENT HISTORY OF
PLATELET CONCENTRATES
The development history of platelet concentrates can be traced
back to the 1980s and 1990s. They first appeared in the form
of platelet-rich plasma (PRP). However, the preparation pro-
cess is complicated, and it requires the addition of heterologous
thrombin and anticoagulant; this increases the risk of immune
rejection and cross infection and hinders the formation of blood
coagulation and fibrin clots, thus limiting its application in the
treatment of tooth extraction sockets®.

In 2000, Dr. Choukroun’ developed a new preparation tech-
nology using a 100% natural method (without anticoagulants
or thrombin) to formulate a new generation of platelet-concen-

trate PRE A comparison of the most important characteristics
of PRP and PRF is presented in Table 1.
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PRF in alveolar ridge preservation

Comparing the performances of PRP and PRE, we can see
that PRF is more efficient with better characteristics than PRP.
PRF has broad application prospects for the treatment of tooth
extraction sockets.

PRESERVATION EFFECT OF PLATELET-
RICH FIBRIN ON THE ALVEOLAR BONE
IN SITE PRESERVATION

After a natural tooth is extracted, due to the loss of blood sup-
ply to the periodontal ligament, the alveolar bone will undergo
rapid absorption and reconstruction'®''. In 2013, Professor
Hauser and his team reported that PRF could induce the for-
mation of new bone in the extraction socket. A micro-computed
tomography (CT) analysis showed that in the PRF group, the
alveolar socket had higher bone density and more bone trabec-
ulae with better trabecular spacing; the healed bone formed a
better microstructure with a more ideal bone quality, and the
width of the alveolar ridge was well preserved'.

Yiice and Kémerik selected 40 patients with alveolar oste-
itis following third molar extractions to observe the soft-tis-
sue healing rate using the modified index of Landry, Turnbull,

Table 1. Overview of important characteristics of two blood products
(platelet-rich fibrin and platelet-rich plasma).

Blood products PRF (2000) | PRP(1998)
Protocol Easy complex
Speed rate Fast Slow
Reproducibility No bias Possible bias
Use of anticoagulants No Yes
Amount obtainable Good Enough
Costs of the protocol Low High
Amount of fibrin obtainable High Low
Speed of fibrin formation Physiological High

Fibrin morphology Trimolecular | Tetramolecular

Leukocytes amount (%) 65 0-50
Immunomodulatory properties Yes Poor
Neo-angiogenic potential o t++ +
Osteoconductive potential .

(scaffolding) High Py
Mechanical properties Good el
(sol-gel-membrane)

Presence of MSCs Yes Yes

PRF: platelet-rich fibrin; PRP: platelet-rich plasma; MSCs: mesenchymal stemcells.

Figure 1. Platelet-rich fibrin related information.
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and Howley. The results revealed that, after PRF treatment, the
healing rate of epithelial tissue was significantly faster than in
patients who had not received PRF treatment?.

A clinical trial conducted by Professor Das compared PRF
and B-tricalcium phosphate collagen (3-TCP-Cl) as a single-root
alveolar socket transplantation material for the treatment of
extraction sockets. Both materials had a fast replacement rate,
but histologically, B-TCP-Cl showed higher bone density and
tissue maturity; at the same time, it had less medullary space.
The study showed that PRF offers comparable alveolar ridge
preservation and reduction of alveolar bone resorption, especially
for buccal bone plates (PRF: 1.5-mm bone loss; B-TCP-Cl:
0.99-mm bone loss)".

In 2016, Andwandter reported the healing of the extraction
socket after filling with PRE Immediately after tooth extraction
and again after 4 months, personalized acrylic scaffolds were
used for bone detection, and cone-beam CT (CBCT) was used
to obtain imaging measurements. It was clinically observed that
the alveolar ridge top absorbed (1.1842.4 mm) horizontally,
and there was a bone loss of 1.2532.0 and 0.83+2.0) mm at
2 and 4 mm of the root of the ridge, respectively. The vertical
bone resorption of the buccal bone plate was 0.44%3.5 mm.
The imaging analysis showed that the buccal bone plate lost
0.27£2.5 mm perpendicular to the bone and 0.03+1.6 mm
to the tongue. The width of the alveolar ridge was reduced by
1.33£1.43 mm. These results were similar to those of a system-
atic review in which buccal bone plate resorption was 0.5-1
mm after the application of bone-graft materials®.

Temmerman et al. studied the effect of PRF as a filling
material for alveolar ridge preservation. This study included
patients with single-jaw bilateral symmetrical tooth extraction,
and CBCT examinations were performed on day zero and
again after 3 months. At the time node, the average alveolar
ridge width difference was measured at three levels below the
top of the buccal lingual alveolar ridge (1 mm below the top of

Table 2. Platelet therapy growth factor functions.

the ridge [main observation variable] and 3 and 5 mm below
the top of the ridge). At 1 mm below the ridge, the reduc-
tion in the alveolar bone width between experimental group
(-22.84%) and control group (-51.92%) was statistically dif-
ferent (p<0.005). There was a statistically significant differ-
ence in the amount of filling in the extraction socket (visible
mineralized bone) between experimental group (94.7%) and
control group (63.3%)’.

Wang Binping et al. took 30 patients with extracted pos-
terior teeth as research sample. Immediately after extraction,
the alveolar socket was filled with PRF for site preservation.
CBCT was performed for 46 months to observe the changes
in the height and width of the alveolar bone. The conclusion
was that PRF site preservation technology could well preserve
the height and width of the alveolar bone in the posterior tooth
area, which was conducive to later implant restoration’®. At the
same time, the application of PRF in the preservation of tooth
extraction sites could accelerate wound healing, inhibit the
absorption of the patient’s alveolar ridge, and lay the founda-
tion for the implementation of subsequent dental implants'.

The fibrin network of PRF can maintain red blood cells to
slowly release growth factors, including transforming growth
factor-B1 (TGF-B1), platelet-derived growth factor (PDGF),
vascular endothelial growth factor (VEGF), epidermal growth
factor, and insulin-like growth factor-I (IGF-I)!®. Among these,
TGF-B1 can promote the rapid proliferation of oral cells, and
PDGEF can regulate the migration, proliferation, and survival
of mesenchymal cells. VEGF plays an important role in angio-
genesis and the reconstruction of damaged tissue. Finally, IGF-I
is a regulatory factor for a variety of cell proliferation and dif-
ferentiation processes (Table 2).

Thus, after a natural tooth is extracted, the application
of PRF can maintain the slow release of growth factors from
red blood cells through the formed fibrin network, inhibit
the resorption of the patient’s alveolar ridge, and induce the

Platelet-derived growth factor (PDGFaa, PDGFbb, PDGFab)

Triggers the activities of neutrophils, fibroblasts, and macrophages
Chemoattractant/cell proliferator
Stimulates mesenchymal cell lineages

Transforming growth factor (TGF-B1, TGF-B2, TGF-B3)

Promotes cellular differentiation and replication
Stimulates matrix and collagen synthesis
Stimulates fibroblast activity and collagen production

Vascular endothelial growth factor (VEGF)

... Angiogenesis
... Stimulates synthesis of basal lamina

Fibroblastic growth factor (FGF)

Angiogenesis
Fibroblast production

Epithelial cell growth factor (ECGF)

Stimulates epithelial cell replication

Insulin-like growth factor (IGF-1)

Promotes cellular growth and proliferation
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formation of new bone in the extraction socket. At the same
time, PRF can accelerate the healing of epithelial tissue. This
lays the foundation for the implementation of subsequent
dental implants.

PRESERVATION EFFECT OF
PLATELET-RICH FIBRIN ON SOFT
TISSUE IN SITE PRESERVATION

PREF has been proven to continuously stimulate the proliferation
of gingival fibroblasts, osteoblasts, and periodontal ligament
cells’. At the same time, PRF can promote soft-tissue regen-
eration by releasing PDGF and TGF-f%. Therefore, PRF has
great potential for promoting the healing of soft tissues around
extraction sockets and enhancing aesthetic repair.

Sybil etal. recruited 25 patients with bilateral surgical disi-
mpaction of the mandibular third molar and placed them in
PRF and no-PRF groups on the left and right sides of extraction
wounds. The results showed that PRF has a significant effect on
soft-tissue healing®!. In recent years, Lv Min and other research-
ers in China have also confirmed the ability of PRF to promote
soft-tissue healing. By placing PRF in the extraction wounds
of 140 affected mandibular third molars and comparing the
results with conventional blood-filled clots, it was found that
3 months after the operation, there were only three cases of
adjacent tooth periodontal attachment loss in the PRF group,
while there were 25 cases in the blood clot group, of which 3
cases were larger than 2 mm with infection. Experiments have
proven that PRF can promote the restoration of adjacent teeth
periodontal tissue?.

In vivo research on the anterior soft-tissue defect model of
a rabbit hard palate showed that PRF could accelerate soft-tis-
sue wound healing and reduce scar formation®. PRF has a
significant promoting effect on the proliferation of dermal
fibroblasts via the mitosis and migration of dermal fibroblasts
and soft-tissue reconstruction. At the same time, studies have
found that PRF can promote the proliferation of fibroblasts
and keratinocytes in the gums*. In addition, He et al.” used
mass tissue culture to isolate and culture human gingival fibro-
blasts (HGFs). Using flow cytometry, the results showed that
after the PRF treatment of HGFs, the proportion of HGFs in
the S phase was significantly prolonged.

Liu et al. placed double PRF membranes in 46 and 47
implant surgery cases. A 5-month follow-up revealed that the
width of the keratinized gingiva was significantly increased,
and the colour and shape of the mucosa were clearly abnor-
mal®®. At present, PRF has also played an important role in

clinical treatments in other medical fields. For example, when

chronic venous ulcers of the lower extremities were covered
with porous PRF film, in the subsequent 16 weeks of wound
closure speed testing, the ulcers on 66.7% of patients had
essentially healed”.

In summary, the mechanism of PRF on soft-tissue repair
may have the following causes. First, a large number of PDGF
receptors can be found in periodontal tissue. PDGF can act as
a chemokine for fibroblasts in the gingival periodontal ligament
to promote soft-tissue regeneration. Second, TGF-B1 (produced
by macrophages, fibroblasts, keratinocytes, and platelets) can
promote the healing of skin wounds. In addition, PRF contains
a large amount of VEGEF, which promotes vascularization to
support the regeneration of soft tissues, activate mitosis, and
the migration of vascular endothelial cells, thereby activating
the early vascularization of tissue repair and promoting the
formation of soft tissues®®.

SUMMARY AND PROSPECTS

At present, denture implants are widely used in oral restorations,
so it is very important to maintain a good three-dimensional
shape of the alveolar socket after tooth extraction®?. From a
clinical application perspective, PRF has a significant alveolar
ridge preservation effect and a good protective effect on the
surrounding soft tissue. At the same time, since the material is
derived from the recipient itself, it has good biocompatibility
and no problems with immune rejection, and it can be con-
sidered a safer autologous biological material.

Despite the lack of strong evidence in the reviewed arti-
cles, the favourable effect of PRF on alveolar ridge preserva-
tion during natural tooth extraction and implantation pro-
cedures is evident. Given its ease of preparation, low cost,
and biological properties, PRF can be considered a reliable
treatment option. However, standardization of the protocol
is required to obtain reproducible results. The use of enough
PRF clots or membranes seems to be crucial to obtaining an
optimal effect. Due to the lack of standardization in the study’s
design and variables analysed, further RCTs with long-term
follow-up are needed to assess the beneficial effect of PRF on

alveolar ridge preservation.

AUTHORS’ CONTRIBUTION

SLH: Conceptualization, Data curation, Formal Analysis,
Writing — original draft, Writing — review & editing. HGZ:
Conceptualization, Data curation. NL: Formal Analysis, Writing
— original draft. XHZ: Formal Analysis, Writing — review &
editing. HHC: Formal Analysis, Writing — review & editing.

1118
Rev Assoc Med Bras 2022:68(8):1115-1119



Han, S. et al.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Daigo Y, Daigo E, Hasegawa A, Fukuoka H, Ishikawa M, Takahashi
K. Utility of high-intensity laser therapy combined with
photobiomodulation therapy for socket preservation after tooth
extraction. Photobiomodul Photomed Laser Surg. 2020;38(2):75-
83. https://doi.org/10.1089/photob.2019.4652

Pisoni L, Lucchi A, Persia M, Marchi O, Ordesi P, Siervo S. Sinus
lift: 3 years follow up comparing autogenous bone block versus
autogenous particulated grafts. J Dent Sci. 2016;11(3):231-7.
https://doi.org/10.1016/j.jds.2015.10.007

Canellas JVDS, Medeiros PJD, Figueredo CMDS, Fischer RG, Ritto
FG.Whichis the best choice after tooth extraction, immediate implant
placement or delayed placement with alveolar ridge preservation?
A systematic review and meta-analysis. J Craniomaxillofac Surg.
2019;47(11):1793-802. https://doi.org/10.1016/jjcms.2019.08.004

Elnayef B, Porta C, Amo FSLD, Mordini L, Gargallo-Albiol J,
Hernandez-Alfaro F. The fate of lateral ridge augmentation: a
systematic review and meta-analysis. Int J Oral Maxillofac Implants.
2018;33(3):622-35. https://doi.org/10.11607/jomi.6290

XuF, ZouD, Dai T,XuH,An R, Liu Y, et al. Effects of incorporation
of granule-lyophilised platelet-rich fibrin into polyvinyl alcohol
hydrogel on wound healing. Sci Rep. 2018;8(1):14042. https://
doi.org/10.1038/541598-018-32208-5

Tang Y, Yu Z. Research progress on the effects of platelet-rich
fibrin on soft tissue repair and regeneration. Chin J Stomatol Res.
2019;13:124. https://doi.org/CNKI:SUN:ZKQD.0.2019-02-011

Temmerman A, Vandessel J, Castro A, Jacobs R, Teughels W, Pinto
N, et al. The use of leucocyte and platelet-rich fibrin in socket
management and ridge preservation: a split-mouth, randomized,
controlled clinical trial. J Clin Periodontol. 2016;43(11):990-9.
https://doi.org/10.1111/jcpe. 12612

Shah N, Cairns M. Autologous Platelet Concentrates to improve
post extraction outcomes. Evid Based Dent. 2018;19(4):118-9.
https://doi.org/10.1038/sj.ebd.6401347

Mouréao CF, Valiense H, Melo ER, Mourdo NB, Maia MD. Obtention
of injectable platelets rich-fibrin (i-PRF) and its polymerization with
bone graft: technical note. Rev Col Bras Cir. 2015;42(6):421-3.
https://doi.org/10.1590/0100-69912015006013

Choukroun J,Adda F, Schoeffer C, Vervelle A. PRF: an opportunity
in perio- implantology. Implantodontie. 2000;42:55-62

Guo S, Dipietro LA. Factors affecting wound healing. J Dent Res.
2010;89(3):219-29. https://doi.org/10.1177/0022034509359125

Wehrbein H, Fuhrmann RA, Diedrich PR. Human histologic tissue
response after long-term orthodontic tooth movement. Am J
Orthod Dentofacial Orthop. 1995;107(4):360-71. https://doi.
org/10.1016/s0889-5406(95)70088-9

Yice E, Kémerik N. Potential effects of advanced platelet rich
fibrin as a wound-healing accelerator in the management of
alveolar osteitis: a randomized clinical trial. Niger J Clin Pract.
2019;22(9):1189-95. https://doi.org/10.4103/njcp.njcp_27_19

Das S, Jhingran R, Bains VK, Madan R, Srivastava R, Rizvi |. Socket
preservation by beta-tri-calcium phosphate with collagen compared
to platelet-rich fibrin: A clinico-radiographic study. Eur J Dent.
2016;10(2):264-76.https://doi.org/10.4103/1305-7456.178298

Anwandter A, BohmannS, Nally M, Castro AB, Quirynen M, Pinto N.
Dimensional changes of the post extraction alveolar ridge, preserved
with Leukocyte- and Platelet Rich Fibrin: A clinical pilot study. J
Dent.2016;52:23-9. https://doi.org/10.1016/j.jdent.2016.06.005

1119

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Wangm B, Xu P, Wang X, Lu L, Yu D, Wang Y, Cheng Y, Zheng
T. Preliminary clinical observation for platelet-rich fibrin in site
preservation. J Cent South Univ. 2015;40: 802-5. https://doi.
org/10.11817/j.issn.1672-7347.2015.07.016

Alzahrani AA, Murriky A, Shafik S. Influence of platelet rich fibrin
on post-extraction socket healing: A clinical and radiographic
study. Saudi Dent J. 2017;29(4):149-55. https://doi.org/10.1016/j.
sdent}.2017.07.003

Proff P Bayerlein T, Fanghanel J, Gerike W, Bienengraber V, Gedrange
T. The application of bone graft substitutes for alveolar ridge
preservation after orthodontic extractions and for augmentation
of residual cleft defects. Folia Morphol (Warsz). 2006;65(1):81-3.
PMID: 16783746

Ehrenfest DMD, Diss A, Odin G, Doglioli P, Hippolyte MP, Charrier
JB. Invitroeffects of Choukroun's PRF (platelet-rich fibrin) onhuman
gingival fibroblasts, dermal prekeratinocytes, preadipocytes, and
maxillofacial osteoblasts in primary cultures. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. 2009;108(3):341-52. https://doi.
org/10.1016/j.triplec.2009.04.020

SunHL, Chen ZH, Chang LY, Liang Q, Shi DX, Yu F, et al. Application
of platelet-rich fibrin in canine autologous skin grafts. Dongwu
Yixue Jinzhan. 2020,41(7):74-7.

Sybil D, Sawai M, Faisal M, Singh S, Jain V. Platelet-Rich Fibrin
for Hard- and Soft-Tissue Healing in Mandibular Third Molar
Extraction Socket. Ann Maxillofac Surg. 2020;10(1):102-7. https://
doi.org/10.4103/ams.ams_228 19

Lv M, Lei ZM, Yan JL, Wu AM, Liao KY, Wang H, et al. Study of
platelet-rich fibrinin facilitating the reconstruction of mandibular
intrabony defects after removal of impacted wisdom tooth. Journal
of Clinical Stomatology. 2017;33(9):560-3.

He TT, Wang K, Chen HL, Yong S. Morphological observation of
twokinds of platelet concentrates in repairing hard palate and soft
tissue defects in rabbits. Southwest National Defense Medicine.
2016;26(11):1225-7.

Liu ZZ, Zhou YM, Sun XL, Guo Y, Guo TQ. [Platelet rich fibrin
in the treatment of narrow keratinized mucosa: a case report].
Zhonghua Kou Qiang Yi Xue Za Zhi. 2017;52(5):314-5. https://
doi.org/10.3760/cma.j.issn.1002-0098.2017.05.011

He JL, Xu'Y, Xie XZ, Wang TF, Huo DM. Effect of platelet-rich fibrin
extractonthe proliferation of gingival fibroblasts. Journal of Prevention
and Treatment for Stomatological Diseases. 2019;27(12):490-5.
http://doi.org/10.12016/j.issn.2096-1456.2019.08.003

Londahl M, Tarnow L, Karlsmark T, Lundquist R, Nielsen AM,
Michelsen M, et al. Use of an autologous leucocyte and platelet-
rich fibrin patch on hard-to-heal DFUs: a pilot study. J Wound
Care. 2015;24(4):172-4,176-8. http://doi.org/10.12968/
jowc.2015.24.4.172

Miron RJ, Fujioka-Kobayashi M, Bishara M, Zhang Y, Hernandez
M, Choukroun J. Platelet-Rich fibrin and soft tissue wound healing:
a systematic review. Tissue Eng Part B Rev. 2017;23(1):83-99.
http://doi.org/10.1089/tenTEB.2016.0233

CastroAB,Meschi N, Temmerman A, Pinto N, Lambrechts P, Teughels
W, et al. Regenerative potential of leucocyte- and platelet-rich
fibrin. Part B: sinus floor elevation, alveolar ridge preservation
and implant therapy. A systematic review. J Clin Periodontol.
2017;44(2):225-34. http://doi.org/10.1111/jcpe. 12658

ShileiH, Ying Z, Dapeng L, Yuze W, Qing D, Weili X. Invitro activity
of titanium after alkali heat treatment combined with ultraviolet
irradiation. Stomatology. 2017;37(5):408-12.

Han S, Xie W. Effects of storage media on bioactivity of titanium
implants. Stomatology. 2016;36(11):1051-3.

Rev Assoc Med Bras 2022;68(8):1115-1119


https://doi.org/10.1089/photob.2019.4652
https://doi.org/10.1016/j.jds.2015.10.007
https://doi.org/10.1016/j.jcms.2019.08.004
https://doi.org/10.11607/jomi.6290
https://doi.org/10.1038/s41598-018-32208-5
https://doi.org/10.1038/s41598-018-32208-5
https://doi.org/CNKI
https://doi.org/10.1111/jcpe.12612
https://doi.org/10.1038/sj.ebd.6401347
https://doi.org/10.1590/0100-69912015006013
https://doi.org/10.11﻿77/0022034509359125
https://doi.org/10.1016/s0889-5406(95)70088-9
https://doi.org/10.1016/s0889-5406(95)70088-9
https://doi.org/10.4103/njcp.njcp_27_19
https://doi.org/10.4103﻿/1305-7456.178298
https://doi.org/10.1016/j.jdent.2016.06.005
https://doi.org/10.11817/j.issn.1672-7347.2015.07.016
https://doi.org/10.11817/j.issn.1672-7347.2015.07.016
https://doi.org/10.1016/j.sdentj.2017.07.003
https://doi.org/10.1016/j.sdentj.2017.07.003
https://doi.org/10.1016/j.tripleo.2009.04.020
https://doi.org/10.1016/j.tripleo.2009.04.020
https://doi.org/10.4103/ams.ams_228_19
https://doi.org/10.4103/ams.ams_228_19
https://doi.org/10.3760/cma.j.issn.1002-0098.2017.05.011
https://doi.org/10.3760/cma.j.issn.1002-0098.2017.05.011
http://doi.org/10.12016/j.issn.2096-1456.2019.08.003
http://doi.org/10.12968/jowc.2015.24.4.172
http://doi.org/10.12968/jowc.2015.24.4.172
http://doi.org/10.1089/ten.TEB.2016.0233
http://doi.org/10.1111/jcpe.12658

