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Abstract: 
 Periodontal disease is characterized by the destruction of tooth supporting structures, and continuous destruction 

of these structures may lead to alveolar bone defects and tooth loss. Periodontal therapy aims to arrest the disease 

progression as well as to regenerate the loss of structures. Since, the regeneration of these structures is a complex 

process, cell-based tissue engineering has become one of the methods for  periodontal tissue regeneration. In order 

to give mechanical support to the cells, an amniotic membrane has been proposed as one type of periodontal scaffold, 

due to its predictable properties. In this review, the integral structure, properties and the recent research in application 

of amniotic membranes, basically in medical and dental surgeries, along with its potential as a scaffold in periodontal 

regeneration are highlighted. Amniotic membranes have shown great potential as a suitable substrate/scaffold in in 

vitro and animal studies; thus provide an alternative for  scaffolds materials nowadays. Nevertheless, further studies are 

required to establish its role and efficacy in periodontal tissue engineering. 
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Introduction
 Periodontitis is a chronic, inflammatory condition of 

the periodontium. As it progresses, it will result in the 

loss of the supporting structures of the tooth; such as 

alveolar bone, cementum and periodontal ligaments, 

and eventually leads to tooth loss.1

 Many non-surgical and surgical interventions are 

applied to regain the lost integrity of the periodontium. 

Initially, prophylaxis by scaling and root planing is done 

to disrupt bacterial accumulation and control the disease.2 

Upon the severity of periodontal destruction, graft placement, 

use of growth factors and guided tissue/ bone regeneration 

procedures are performed. However, the true regeneration 

of this complex tri-phasic interphase of cementum, bone 

and periodontal ligament has yet to be established.3,4 

 For tissue regeneration, various methods are 

employed, such as recruiting the hosts own regenerative 

cells to regenerate the lost structure which is a technique 

called cell homing. This technique is much slower and 

depends upon the severity of the damage and hosts 

regenerative capability. On the other hand, cell based 

tissue engineering overcomes these problems, as it uses 

regenerative cells to restore the structures.3  

 Many cell delivery methods have been introduced 

where the primary purpose is to provide mechanical 

support and space for cells to grow.5 One of these 

methods is the use of natural and synthetic scaffolds. Cells 

are seeded onto the scaffold and introduced into the site. 

Every scaffold has its own, unique properties which 

makes it suitable for different cell types, and for the site 

where it is being used.6 

 The only downside to this technique is the use of 

foreign cells and stability of the cells in the site, for which 

scaffolds are used. The fabrication of these scaffolds 

along with seeding of cells on these scaffolds increases 

the cost and the laboratory time of the procedure. 

 Those difficulties, mentioned previously, have led 

to the exploration of cheaper, easily available and bio-

compatible scaffolds. In so saying the amniotic membrane

is one of these scaffolds, which was originally used for 

dressing wounds and burns. Currently, it has been 

introduced in periodontal tissue engineering7, and its 

potential as a scaffold has been shown in various in vitro, 

in vivo and clinical experimental studies, as described 

in further sections. 

 Human amniotic membranes (HAM) are the inner 

most layer of the fetal membrane. It develops from extra-

embryonic tissue, and has fetal components (the chorionic 

plate) and maternal components.8 HAM is obtained from the 

placental of mothers, after normal or cesarean deliveries, 

under informed consent; which is usually obtained without 

any major ethical issue.9 Although, amniotic membranes 

harvested from normal deliveries pose higher chances of 

contamination10, the donor serum is screened for Hepatitis 

C antibodies, Hepatitis B surface antigens, Human 

Immunodeficiency Virus 1 and 2 antibodies and syphilis. 

 Fresh HAM is processed in the laboratory, for 

clinical use either in the form of fresh, dried, frozen or 

cryopreserved.11 However fresh HAM has to be used 

within 24 hours, and may potentially impose slight anti-

genicity.12 Glycerol is the cryoprotective agent that is used 

for drying the membrane, thus it can be preserved until 

used. Preserved HAM is more favorable and convenient 

for clinical application. Nevertheless, the glycerol preserved 

shows a lack of some growth factors, thus hyper-dry HAM 

was introduced to overcome this disadvantage.13 The 

method for procurement and decellularization of HAM 

prior to seeding of specific cells has been reported.14

 This review is written with the intention of highlight-

ing this biological membrane, which covers the histology 

of HAM, its medical and dental applications and the 

potential of HAM as a substrate or scaffold in periodontal 
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tissue engineering. A computerized search was performed 

from databases; PubMed, Scopus, and Google Scholar, 

by using the keywords: “amniotic membrane”, “human 

amniotic membrane”, “periodontal regeneration”, “periodontal 

tissue engineering”, “scaffold” and “scaffold in periodontal 

regeneration”. All original articles, review articles and 

case reports published in English, and relevant to the 

topics were included. In total 61 articles were able to 

be retrieved and reviewed. 

Histology of human amniotic membrane 
 The basic structure of HAM consists of a mono-

layer epithelium, a thick basement membrane and an 

avascular stroma.15 Its thickness varies from 0.02 mm 

to 0.5 mm (Figure 1). The epithelium is a single layer of 

flat, cuboidal and columnar cells directly in contact with 

the amniotic fluid (Figure 2).16 The stroma (mesenchymal 

layer) has three sub layers; a compact layer (next to the 

basement membrane), a fibroblast layer (middle) and a  

spongy layer. Each layer has certain proteins/factors, 

which give this membrane its beneficial properties.17 The 

epithelial layer is characterised by: collagen type III and 

IV, non-collagenous glycoprotein, nidogen, fibronectin, 

vitronectin, laminin 5, tumor necrosis factor–alpha, nerve 

growth factor; brain-derived neutrotrophic factor and 

activin. The basement membrane comprises of integrin 

α6/β4 – main ligand. In the stromal (mesenchymal layer), 

there are various proteins, such as mitogenic protein, 

anti-angiogenic factors, anti-inflammatory proteins, natural 

inhibitors to protease and several growth factors. The 

amniotic membrane does not contain nerves, muscles, or 

lymphatics; instead, it uses diffusion to transport nutrients 

from the amniotic fluid and/or from the underlining 

decidua.8

 Studies have shown that HAM has anti-inflammatory, 

anti-scarring, anti-microbial17, anti-angiogenic, anti-carcino-

genic properties18 and the potential as a promoter of 

epithelialization, additionally it rarely causes immunologic 

rejection.19 These properties along with their mechanism 

are summarised in Table 1.

Figure 1 A human amniotic membrane (Tissue Bank, 

 Universiti Sains Malaysia), preserved by glycerol, 

 was soaked in normal saline before being used. 
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Figure 2 A schematic diagram of a cross section of an amniotic sac. The amniotic sac can be divided into amnion and 

 chorion. The amnion is the inner membrane comprising of the: of epithelium, basement membrane and stromal 

 layer (the stromal layer is comprised of three layers – compact, fibroblast and spongy). While the chorion is the 

 vascular outer membrane that is in contact with the uterine wall, and makes up the rest of the amniotic sac. 

 It consists of a cellular, reticular layer and pseudo-basement membrane.16

Table 1 Summary of the properties of human amniotic membranes and their mechanisms22

Properties Mechanism

Promotion of epithelialization Amniotic membranes act as a substrate, on which epithelial cells grow on by facilitating the following:
1) Epithelial cell migration 
2) Basal epithelial cell adhesion 
3) Epithelial cell differentiation 
4) Prevention of apoptosis

Anti-scarring 1) Fetal hyaluronic acid suppresses TGF-β signaling (reduced expression of TGF-β1, TGF-β2, and 
TGF-β3 isoforms and reduced expression of TGF-Receptor II), inhibiting proliferation of fibroblasts. 

2) Inhibition of differentiation of fibroblasts into myofibroblasts

Anti-inflammatory 1)  Chemical mediated anti-inflammatory effect
 Inhibiting proinflammatory cytokines:
       IL-Ia, IL-2, IL-8, Interferon-γ, Tumor Necrosis Factor-β, basic fibroblast growth factor, platelet 
      derived growth factor
2)  Mechanical effect:
    Entrapment of inflammatory cells
    Apoptosis of inflammatory cells in matrix of amniotic membrane
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Medical and dental applications of human 
amniotic membranes
 Amniotic membranes have long been utilized 

in traditional Chinese medicine, but its first scientific 

documentation was conducted as a skin substitute.20 

Since then, HAM has been used in many medical 

procedures. The summary of some, various medical 

applications of this membrane is shown in Table 2. In the 

management of burns, HAM is used as a biological 

dressing substitute for skin grafts (amnioplasty).21 Due to 

its low immunogenicity, anti-inflammatory and anti-bacterial 

effects, re-epithelialization of the skin epithelium has 

rapidly occurred, without invasive bacterial infection.22

 A few procedures in ophthalmology have success-

fully utilized HAM, including treatment for corneal surface 

disorder, conjunctival surface reconstruction, as a carrier 

for ex vivo expansion of corneal epithelial cells, non-healing 

ulcers and glaucoma.22 It acts as a mechanical support, 

and protects the regenerating ocular epithelium from 

frictional forces in cases that involve damaged epithelium. 

HAM also promotes re-epithelialization of the host ocular 

epithelium; thus, accelerating the healing process, 

especially in cases of non-healing ulcers or persistent 

epithelial defects of the ocular surface. This is attributed 

to its basement membrane that is similar to the collagen 

composition of the conjunctiva and cornea.20 Other medical 

usage of HAM include:  diabetic foot ulcers23, temporalis 

fascia grafts24, reconstruction of dura mater25, repair of 

myelomeningocele26 and vaginoplasty.27 These studies 

reported that the healing process was uneventful, 

reduced scarring and inflammation. This reflects that HAM 

possessed a non-fibrillar meshwork, mainly collagen type 

III, and provided a suitable condition for cell growth.28 

 The use of HAM in dentistry has been reported in 

only a few studies and/or case reports. Amniotic membranes 

were used in maxillofacial surgery by Kothary in 1969, for 

Table 1 (continued)

Properties Mechanism

Anti-angiogenic Anti-angiogenic chemicals are present or secreted:
1) Thrombospondin-1
2) Endostatin
3) Tissue inhibitors of metalloproteases-1, -2, -3, -4
4) Heparin sulphate proteoglygan

Anti-microbial 1) Presence of anti-microbial factors:
 a. Bactricidiin
 b. Beta-lysin
 c. Lysozyme
 d. Transferin
 e. 7S immunoglobulin
2) Acts as a physical barrier as human amniotic membranes closely adhere to underlying structures

Immunomodulative There is no immune rejection from human amniotic membranes, as it lacks histocompatibility antigens 
such as HLA-A, HLA-B or HLA-DR

Anti-carcinogenic 1) Anti-angiogenesis: prevents tumor growth and metastasis of cancer cells
2) Pro-apoptosis
3) Cell cycle arrest

TGF-β=transforming growth factor-beta, IL=Interleukin, HLA=human leukocyte antigen
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mouth floor reconstruction after a glossectomy.29 HAM was 

compared with platelet-rich fibrin (PRF) for management of 

Miller Class I gingival recession defect, and demonstrated 

that the site treated with HAM achieved stable, ful root 

coverage comparable to PRF treated sites after seven 

months.30 This suggested HAM could be considered as 

a superior material, owing to laboratory preparation for 

PRF. Furthermore Shah et al.31 also showed complete root 

coverage of a Miller Class II gingival recession associated 

with enhanced tissue architecture after a six month review 

in a 32-year-old patients treated with HAM. In another 

clinical trials, HAM was used for root coverage procedures 

in 22 patients, with a total of 71 teeth that demonstrated 

significant changes of the recessions defect and gingival 

width compared to the baseline. It was also associated 

with significant improvement of the clinical attachment and 

probing depths.32 Other, previous reports, as summarized 

in Table 3, also support that amnion allograft might be a 

suitable, alternative biomaterial in procedures to cover 

denuded root surfaces. This will avoid separate surgical 

sites for harvesting tissue graft, thus reducing patient 

morbidity and discomfort.

 HAM has also been used as a dressing for intra-
oral, exposed defect surfaces.33 It was used to cover the 
exposed bone surface of the alveolar ridge, following 
resection of the white lesion. HAM, in the form of hyper-
dry, showed good adherence over the wound and 
promoted epithelialization, which was observed after 
approximately six weeks: no recurrence of the lesion was 
reported after 18 months.33 A similar result was also 
demonstrated in another case, reported by the same 
authors, for the management of vestibuloplasty in which 
sufficient keratinized tissue has been obtained after being 
grafted with HAM.33 Neither rejection, nor any excessive 
inflammatory reaction towards HAM was reported. HAM 
proved to act as an anatomic barrier34, and possessed 
several unique characteristics, such as a lack of immuno-
genicity and anti-inflammatory effects; thus promoting the 
healing process. Apart from promising effects on wound 
healing, HAM also displayed effective outcomes for facial 
nerve repair in rat models.35 These studies showed that 
HAM grafts appeared to produce better results for oral 
tissue reconstruction in comparison to other grafts, such 
as split skin graft, alloderm and buccal fat pad flap, that 
showed some shrinkage, contraction and rejection.36

Table 2 Different medical applications, and the use of amniotic membranes

Applications Procedures Benefit

Burns21 Dressings Acts as a barrier to bacterial colonization 
and re-epithelializes the skin while 
controlling  water loss.

Ophthalmology22 1) Corneal surface disorders, without limbal stem cell deficiency,
2) Corneal surface disorders associated limbal stem cell deficiency
3) Conjunctival surface reconstruction
4) As a carrier for ex vivo expansion of corneal epithelial cells
5) Glaucoma
6) Treatment of sclera melts and perforations

‘Biological bandage contact lens’ to 
preventing friction from being generated 
by the moving eyelid.

Reconstructive 
surgery27,56,57

Vaginoplasty
Bladder
Tympanoplasty
Arthroplasty
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Table 3 Studies on amniotic membranes, as guided tissue regeneration membranes in periodontal surgeries

Type of study Materials Subjects Outcome References

Case report  Amniotic membrane vs 
platelet-rich fibrin

40 year-old 
male 

Stable and ful root coverage of a Miller Class 
I gingival recession defect, after seven months 
post-surgery in both groups

30

Case report Amniotic allograft in 
conjunction with gingival 
flap

32 year-old 
female

Complete root coverage of a Miller Class II 
gingival recession associated with enhanced 
tissue architecture, after six months post-surgery

31

Double blind 
randomized 
control clinical 
trial

Amniotic membrane vs 
connective tissue graft

71 teeth in 22 
human patients

Significant changes of the recessions defect 
and gingival width from the baseline. Clinical 
attachment level and probing depths were 
improved significantly in the group treated with 
amniotic membrane, after six months

32

Case report Placental chorion 
membrane

56 year-old 
male

Complete root coverage and changes of thin to 
thick tissue biotype were observed three months 
after surgery

58

Retrospective 
observational 
report

Amnion chorion allograft 64 patients Reduction of probing pocket depth and gain in 
clinical attachment level, twelve months after 
surgery

59

Case series Amniotic membrane 3 patients Significant improvement of the clinical attachment 
level and width of keratinized gingiva, six months 
postoperative

60

 Infection control is particularly important to ensure 

the success of post-surgical sites. Amniotic membranes 

may help against microbial colonization, thus preventing 

infection by secretion of the anti-microbial peptides, such 

as beta defensins, secretory leukocyte proteinase inhibitor 

and elafin. The amniotic cells also secrete large amounts 

of cystatin E, an analogue of cysteine proteinase inhibitors, 

giving antiviral properties to the amniotic membrane.37-39 

Moreover, a lack of post-operative pain has been reported 

when using HAM, which could be owing to its anti-

inflammatory effect and the ability to protect the nerve 

endings from external irritants.40

 Through the advancement in clinical and laboratory 

techniques, HAM is now being used as a membrane in 

guided tissue regenerative procedures, substrate for 

culturing stem cells and as scaffolds for delivering 

regenerative cells into  oral defects (Table 4).11,14 

Potential of HAM as a substrate, or scaffold 
in periodontal tissue engineering
 Periodontium is a complex tri-phasic structure, 

comprised of soft (gingiva, periodontal ligament) and hard 

tissues (alveolar bone, cementum). In advanced periodontal 

disease, destruction and loss of these structures may lead 

to the formation of bone defects, due to active interactions 

between microbial infections and host inflammatory 

responses; in which tooth loss is the definitive complication. 

The ultimate goal of periodontal therapy is to restore the 

loss of periodontal architecture, and functions by which 

are unpredictable to be achieved with conventional perio-

dontal therapy alone. Therefore, regeneration of the 

periodontal attachment apparatus became a significant 

procedure to reconstitute  original tissue.41 

 Several regenerative approaches as well as 

materials are well documented in the literatures. Guided 
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tissue regeneration (GTR) has been greatly applied in  

regenerative procedures, by using the barrier membrane 

to allow the repopulation of periodontal ligament cells 

from the defect area.42 However, the unpredictable clinical 

outcome and effectiveness of GTR have been reported, 

although attempts have also been made by using bioactive 

molecules; such as enamel matrix derivative and growth 

factors, including platelet-derived growth factors to promote 

regeneration.4,43 Periodontal tissue engineering has been 

addressed for regenerating  complex periodontal structures, 

utilizing scaffolds cultured with specific cells, adding 

bioactive molecules in the laboratory; followed by surgically 

implantation at the defect sites.44 Progenitor cells such 

as periodontal ligament stem cells or other cells; including 

mesenchymal stem cells, were cultured on a scaffolds to 

form a 3D tissue-engineering model before being inserted 

into the periodontal defect area.45 The characteristics 

of the scaffold are important to support cell proliferation 

and differentiation, allowing for the ingrowth of cells as 

well as being able to facilitate revascularization following 

implantation. This multiphasic scaffold has to remain

intact during the maturation of the tissues, prior to under-

going the biodegradation process.46

 Scaffold can be categorized into biological (natural) 

and synthetic scaffolds. Biological scaffolds derived from 

human and animal tissues; such as HAM, chitosan, 

hyaluronic acid and cellulose, whereas hydroxyapatite 

(HA), tricalcium phosphate, polyglycolic acid, and polylactic 

acid are among the synthetic scaffolds available on the 

market. Natural scaffolds are readily available, and offer 

a less expensive alternative to synthetic scaffolds. Further-

more, biological scaffolds provide specific cell interaction, 

biocompatible, tissue-like characteristic that are highly 

acceptable by host tissues.47 Chitosan is biocompatible, 

able to be degraded by human enzymes, and widely 

used for natural scaffolds.48 However, it is often combined 

with other bioactive materials, such as HA, to improve its 

bioactivity in bone tissue engineering. Recently chitosan 

gel has been incorporated with alkaline phosphatase to 

promote bone mineralization.49,50 Owing to being easily 

available and a relatively inexpensive material, HAM 

became an alternative scaffold for tissue engineering.

 Good cell-cell adhesion was observed among 

periodontal ligament stem cells (PDLSCs)9 and periosteal 

cells when they were cultured on HAM.51 These studies 

suggest that amniotic membranes can be used as a 

Table 4 Amniotic membranes as substrate/scaffolds, for periodontal progenitor/stem cells

Type of study Substrate/scaffold Cells Outcome References

In-vitro Amniotic membrane Human periodontal 
ligament cell sheets

Cells were able to differentiate,  proliferate 
and express the essential proteins for cell-
substrate adhesion 

9

In-vitro Amniotic membrane Periosteal-derived cell 
sheet

Amniotic membranes showed good adhesion 
with periosteal-derived cell sheet

51

In-vitro Amniotic membrane Human dental pulp-
derived cells

Amniotic membranes showed good adhesion 
to dental pulp-derived cell sheet

61

Pre-clinical 
(rat model)

Amniotic membrane Periodontal ligament 
stem cells

Periodontal regeneration was enhanced and 
showed a monolayer of the cells on the 
amnion surface

52

In-vivo 
(rat model)

Amniotic membrane Adipose-derived stem 
cells

Periodontal regeneration was enhanced in 
the surgically created bone defect

54
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substrate for the cultivation of PDLSCs. Another study 

has demonstrated the application of amniotic membranes 

as a scaffold using PDLSCs in rat periodontal models.52 

This membrane can be closely adapted to the underlying 

periodontal structures, because of its thin, cross-sectional 

dimension.31 HAM also has the advantage of mimicking 

the gingival tissues by having a basement membrane, 

which synthetic scaffolds lack. Thus, HAM is a suitable 

scaffold for in vitro studies.17 It also has other benefits 

for in vivo studies, because of its biological properties.

 In a recent study, HAM provided good bio-

compatibility for the attachment and proliferation of human 

periodontal ligament fibroblast cells. Even though there 

were some limitations, noted by the authors, the results 

could be a basis for future works on HAM as scaffold 

for periodontal tissue engineering.14 It is known that for 

periodontal regeneration, the success of autologous ex 

vivo expanded cells culture depends on the substrate 

used, and whether it could induce cell attachment or 

proliferation of progenitors/stem cells. Therefore, as a 

substrate or scaffold, HAM was shown to be compatible 

for periodontal cell growth, as evidenced by the ability of cells 

to penetrate the matrix.9 The study also demonstrated that 

the essential proteins for cell-substrate adhesion as well as 

for maintaining tissue integrity; such as laminin 5, laminin 

alpha 5 chain, collagen IV, and collagen VII, were  expressed.9 

Other studies on HAM, using PDLSCs, also showed the 

expression of  cell-cell adhesion proteins.52,53 In addition, 

periosteal cells interacting with HAM showed expressions of 

cell proliferation (Ki-67), mesenchymal cell (vimentin), and 

osteoblast markers (Gla protein).51 The cells also expressed 

desmoplakin (desmosomal proteins) and ZO-1 (tight 

junction proteins).51 The previously mentioned studies prove 

the potential of HAM as a culturing cell sheets substrate.

 In vivo studies also showed the promising data 

of HAM. A transplanted PDLSC-HAM into the surgically 

created periodontal defects at first maxillary molars for 4 

weeks, showed enhanced periodontal regeneration, and a 

monolayer of PDLSCs on the amnion surface, respectively.52 

A similar finding was shown when a construct, consisting 

of adipose derived stem cells and HAM, was transplanted 

into a surgically created two wall infrabony defects.54

 Despite successful uses of HAM, reported from 

vast literatures, some limitations of this membrane have to 

be taken into account. In ophthalmology, early detachment 

and premature degradation of HAM at the operative site 

has been reported; forcing the need of repeated trans-

plantation.22 Principally, in tissue engineering, scaffolds 

should be biocompatible, stable and biodegradable during 

appropriate periods of time, for the homing of the cells 

at the target site, allowing complete maturation of the 

regenerative tissue. However, the quick degradation of 

HAM, due to endogenous enzymes, may be insufficient 

for implant sites that require longer scaffold stability and 

strength.22 Moreover, although HAM is a transparent 

structure, that offers clear visibility of the underlying wound 

when apply over the tissue defect33, this membrane is 

very delicate and thin in dimension; which also gives it a 

disadvantage when reconstructing 3D defects.16 It was 

suggested that treating HAM with crosslinking agents; 

such as genipin, formaldehyde or glutaraldehyde, may 

improve HAM’s biostability and mechanical strength.28 

Physical treatment; such as ultraviolet, gamma ray and 

electron beam irradiation, have also been used to enhance 

the stability of HAM.14 There is a need of further investigation 

to overcome these shortcomings of HAM, mainly in the 

field of periodontal tissue engineering.

 As described by a previous report, multiphasic 

scaffolds for periodontal tissue engineering should possess 

compartmentalized bone and periodontal attachment 

tissue formation, enhance cementum formation, and 

reconstitute the periodontal ligament fibers; that are 

functionally oriented into the newly regenerated alveolar 

bone and cementum.55 The potential of HAM, as carryings 
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of this criteria, require further research in vitro and in vivo. 

Nevertheless, with the current findings on the superiority 

of HAM histologically as well as clinically that are 

comparable with the current, available scaffolds for tissue 

engineering is a promising, alternative biomaterial in the 

management of periodontal defects.14,22,36 

Conclusion
 Amniotic membranes are being used in a wide 

range of procedures and disciplines in medicine, dentistry 

and stem cell research, owing to its pleiotropic properties 

and having the advantage of being a biological membrane. 

Amniotic membranes have shown great potential as 

suitable scaffolds, and therefore, can serve as an alter-

native material in periodontal tissue regeneration and 

engineering. Further clinical studies are required to 

establish its role and efficacy.
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