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Abstract: Amniotic membrane has been employed in the treatment of 
wounds for almost 100 years, beginning with early application of natu-
ral amniotic membrane obtained from labor and delivery to various 
types of burns and wounds. Amniotic membrane is rich in collagen 
and various growth factors that support the healing process to both 
improve wound closure and reduce scar formation. Unique properties 
of the material include the lack of immunologic markers, conferring an 
“immune privileged” status on the allografts; antibacterial properties; 
and the ability to reduce pain on application. The resurgence of inter-
est in the use of amniotic membrane in a number of applications, in-
cluding wound treatment, has occurred following improved techniques 
for preserving the natural membrane. Recently, techniques have been 
developed to dehydrate the material while preserving many of these 
wound-healing attributes, to produce a temperature-stable allograft. 
Future research will continue to yield more information on the unique 
properties of the amniotic membrane allografts.
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Historically, natural amniotic membranes have been successfully used 
for wound and reconstructive purposes since the early 20th century. 
John1 reviewed the subsequent uses of human amniotic membrane 

over the 20th century to include a number of other applications during that 
period. These included reconstructive OB/GYN surgery, dentistry, and neuro-
surgical and general surgical applications. 

Davis2 reported a comprehensive review of some 550 cases of skin trans-
plantation at the Johns Hopkins University in 1910. Sabella3 and Stern4 sepa-
rately reported on the use of preserved amniotic membranes in skin grafting 
for burns and ulcers in 1913, although they were familiar with each other’s 
work and collaborated. Amniotic membrane allografts as a wound allograft 
material have a number of beneficial properties inherent in their makeup. 
The material provides a natural scaffold for wound healing and contains vari-
ous important growth factors and biological macromolecules important in 
wound healing. These molecules have been scientifically found to confer 
properties that reduce wound pain, suppress infection, suppress scar forma-
tion, and provide anti-inflammatory mediators.1,7-10
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De Roth5 first used amniotic membrane to repair eye 
wounds in 1940 after noting other materials used for skin 
grafting in the eye did not appear to have the inherent 
healing properties of amniotic membranes. Ophthalmo-
logic use would go on to be one of the most popular ap-
plications of the material in the late 20th century.

Now numbering more than 45,000 applications by the 
ophthalmology community, amniotic membrane has been 
used for conjunctival reconstruction, burn treatment, pte-
rygium repair, and a number of other similar applications, 
including use in children.6

In the latter half of the 20th century, natural amniotic 
membrane began to be used as a wound covering, begin-
ning in the 1960s through the end of the century, with 
treatment for diabetic neurovascular ulcers, venous stasis 
ulcers, and various types of postsurgical and posttraumat-
ic wound dehiscence.1,7-11In these applications, sections 
of the entire membrane, used in sheet form, were placed 
on the wound.

However, while the use of amniotic membrane was 
evidently valuable for the purposes contemplated by 
the surgeons, it was a somewhat difficult material to in-
corporate into routine use. While various methods were 
used to describe how the material might be prepared and 
preserved,56-59 the tissue remained relatively difficult to 
reliably source, process, and handle, for obvious reasons. 
Transportation and storage similarly were difficult, and 
the material had limited widespread application.

In 2006, scientists developed methods for cleaning, 
preparing, and dehydrating human amniotic membranes 
for surgical use, creating dehydrated sheets of the materi-
al that could be cut into sections and stored. In this form, 
the material was easy to handle, stable at room tempera-

ture, and held a shelf-life of up to 5 years, as confirmed via 
a number of standardized tests. The ophthalmology com-
munity quickly adopted the use of this material in eye sur-
gery, where there is now an extensive peer review of the 
literature, numbering dozens of articles on the subject.1

Over the past 5 years, application of this material has 
been extended to include wounds of other areas, includ-
ing diabetic neurovascular ulcers, venous stasis ulcers, 
postoperative or posttraumatic chronic wounds, and 
postsurgical wound dehiscence. Now also numbering in 
the tens of thousands of applications, dehydrated amni-
otic membrane has been extended to other potential uses 
as a reparative membrane in orthopedics, neurosurgery, 
periodontology, OB/GYN, general and reconstructive sur-
gery, and a number of other medical fields.12-17

Amniotic membrane structure and function. 
Human amniotic membrane forms the lining of the 

fetal environment during gestation, separating the devel-
oping fetus from the mother in utero. The material used 
for surgical wound allografts is isolated from the mem-
branous sac surrounding the infant to the point where 
it adjoins the placenta at the chorionic plate. On gross 
examination, the amniotic membrane is composed of a 
number of layers that can be seen and appreciated with 
simple handling and the naked eye. The material easily 
splits into an amnion layer and chorion layer, separated 
by a jelly-like, intermediate layer, apparent on separation 
of the 2 layers. The amnion or fetal side of the membrane 
is further coated with a layer of epithelial cells, which can 
be gently removed with simple cell scraping techniques 
to reveal a translucent underlying membrane. The amnion 
and chorion layers are in turn each composed of a base-
ment membrane and stromal layer as outlined in Figure 1.

On microscopic examination, the overlying epithelial 
cells are clearly apparent, while the underlying architec-
ture is defined by the various layers visible in an H/E stain 
(Figure 2).18 Overall, the amniotic membrane is composed 
principally of 3 types of material: structural collagen and 
extracellular matrix, biologically active cells, and a large 
number of important regenerative molecules.19

Extracellular matrix materials form the structural com-
ponents of the architecture of the membrane and contain 
a variety of specialized proteins including fibronectin, 
proteoglycans, glycosaminoglycans, laminins, and other 
similar materials. Collagens type IV, V, and VII create an 
important substrate, which is not only important for the 
structural integrity of the membrane, but also to create ad-
vanced wound healing and ingrowth cells.  There is clear 
evidence that many of these molecules interact with one 

Keypoints

• �Amniotic membrane allografts as a wound allograft 
material have a number of beneficial properties in-
herent in their makeup. The material provides a nat-
ural scaffold for wound healing and contains various 
important growth factors and biological macromol-
ecules important in wound healing.

• 	�In 2006, scientists developed methods for clean-
ing, preparing, and dehydrating human amniotic 
membranes for surgical use, creating dehydrated 
sheets of the material that could be cut into sec-
tions and stored. Application of this material has 
been extended to include wounds of other areas, 
including diabetic neurovascular ulcers, venous sta-
sis ulcers, postoperative or posttraumatic chronic 
wounds, and postsurgical wound dehiscence.
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another in a highly complex milieu of bio-regulation that 
requires the presence of membranes, individual growth 
factors, and interactions that up-regulate and down-regu-
late the various regenerative processes of healing. Metal-
loproteinases for example, are counterbalanced by the tis-
sue inhibitors of these molecules (TIMPS); growth factors, 
such as fibroblast growth factor, may need the presence 
of the extracellular matrix components for some func-
tions, and so forth.20

Cellular material includes the epithelial lining of the 
amnion facing the infant, but also pluripotential stem 
cells important in regenerating new cellular materials 
within the membrane lining. Epithelial stem cells, in par-
ticular, have also been isolated from the epithelial layer of 
the amniotic membranes. Fibroblasts are also present and 
provide lining and strengthening of tissues. The epithe-
lial cells are also biologically active in the healing process 
through various receptors on the cell surface. The role 
of hematogenous, mesenchymal, and closely located stem 
cells is also affected by the interactions among various 
components of the membrane. 

Finally, regenerative biomolecules important in the 
healing and growth process are concentrated in the am-
niotic membrane. These include epidermal growth factor, 
transforming growth factor (TGF) beta, fibroblast growth 
factors, platelet-derived growth factors, metalloprotein-

ases, and TIMPS. Interestingly, there is a lack of HLA-A, -B, 
and -C antigens, and beta 2-microglobulin. This, combined 
with the presence of immunosuppressive cytokines inter-
leukin-4, interleukin-10, and TGF, results in a relatively “im-
munologically privileged” material that does not present 
itself as foreign material to either the mother or the in-
fant, and which is likely responsible for its observed lack 
of rejection in patients treated externally with amniotic 
membrane.21,22

Keypoints

• �Extracellular matrix materials form the structural 
components of the architecture of the membrane 
and contain a variety of specialized proteins includ-
ing fibronectin, proteoglycans, glycosaminoglycans, 
laminins, and other similar materials. Collagens 
type IV, V, and VII create an important substrate, 
which is not only important for the structural integ-
rity of the membrane, but also to create advanced 
wound healing and ingrowth cells.

• �The amniotic membrane is also home to a variety 
of unique molecules with specific functions. De-
fensins, for example, are a group of molecules that 
assist in conferring antibacterial properties to the 
material and are known to increase near the time of 
delivery. Similarly, both matrix metalloproteinases, 
which are significant in the role of membrane de-
velopment, are balanced by tissue inhibitors of me-
talloproteinases, which confer on the material the 
ability to both heal and control tissue breakdown.23

Figure 1. Layers of the amniotic membrane. Used as a 
wound allograft, the entire membrane is used, placed 
with the chorion side down against the wound and the 
epithelial surface upright.

Layer Composition

Fetal Side of Membrane

Epithelial layer Epithelial cells

Amnion layer
Basement membrane

Stromal layer

Intermediate layer Intermediate layer

Chorion layer
Basement membrane

Stromal layer

Maternal Side of Membrane

Figure 2. H/E Stain of human amniotic membrane tis-
sue. Note the epithelial cell later visible through the 
presence of the epithelial cells and their nuclei. Am-
nion and chorion layers are characterized by a layered 
appearance.18
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The amniotic membrane is also home to a variety of 
unique molecules with specific functions. Defensins, for 
example, are a group of molecules that assist in conferring 
antibacterial properties to the material and are known to 
increase near the time of delivery. Similarly, both matrix 
metalloproteinases, which are significant in the role of 
membrane development, are balanced by TIMPS, which 
simultaneously confer on the material the ability to both 
heal and control tissue breakdown.23

Stains of the amniotic membrane in both natural and 
dehydrated human amniotic membrane (dHAM) clearly 
show the presence of these various growth factors and 
cytokines, which have been well-documented in the lit-
erature. Similarly, a large number of cytokines have ac-
tually been measured in both natural human amniotic 
membrane and dHAM in various concentrations, presum-
ably accounting for their biological properties.24,61,62 The 
presence of these molecules can be confirmed through 
immunohistochemical staining, which shows various 
amounts of the materials at different levels in the mem-
brane (See Figure 3).

Dehydrated human amniotic membrane (dHAM) 
wound healing properties. Based on the aforemen-
tioned anatomic and biochemical properties, human am-
niotic membrane, as a wound allograft material, has been 
found to have a number of characteristics that make it 
uniquely suited to wound healing, and to act as a skin 

substitute in various wound applications. These include 
the observations that amniotic membrane:

•	�provides a matrix for cellular migration and prolifera-
tion;7

•	�promotes increased healing and enhancement of the 
wound healing process;25

•	is non-immunogenic;21

•	reduces inflammation;26

•	reduces scar tissue;27

•	has antibacterial properties;28,29

•	reduces pain at the site of application;12,30-32

•	provides a natural biological barrier;12,30,32,33 and 
•	�contains a number of essential growth factors and cy-

tokines, as described above.
Overall, the material has potential uses in a variety of 

other wound healing applications in addition to cutane-
ous wounds. The material appears to be safe in its overall 
use, and contributes significantly to the regeneration of 
various tissues.34,35

Similarly, the use of amniotic membrane transplanta-
tion in the treatment of lower extremity venous ulcers 
has been addressed in the literature by a number of in-
dividuals including Bergan et al,37 Grey et al,36 and oth-
ers.30,38 

A copious amount of literature also exists on the use 
of amniotic membrane in the treatment of burns, where 
it has been found to be an effective burn skin substitute 
material.39-43

Biological wound treatments seek to provide many of 
the important functional characteristics naturally present 
in amniotic membrane outlined above, including provid-
ing a matrix scaffold, biologically active cells for healing 
and signaling (including stem cells, macrophages, fibro-
blasts and/or epithelial cells), and important molecular 
elements including growth factors, cytokines, signaling 
molecules, defensins, and others. These functions pro-
mote healing; reduce inflammation, scar formation, and  
infection; and have a variety of other actions.

Manufacture and preparation of amniotic tissue 
in dehydrated form for commercial use. For most of 
the literature in the first half of the 20th century where 
amniotic membranes were used, no practical methods 
of preparation, sterilization, and long-term storage were 
available.1 In 1965, Diño et al55 noted that amniotic mem-
brane from deliveries could be sterilized and kept for 
6 weeks at 4ºC and used safely on acute second-degree 
burns and on skin donor sites.12 Ganatra et al44 described 
washing the placenta first with saline, then with saline-
containing penicillin, prior to applying the material suc-

Figure 3. Immunohistochemical staining for some rep-
resentative important biomolecules. (Stain is brown.) 
Note that the amount and general distribution of the  
growth factors are different among the various types. 
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cessfully to patients with burns. It has also been docu-
mented that radiation sterilization has proven to be an 
effective way to properly prepare the material.42

Advanced tissue stabilization and preservation tech-
niques have caused a resurgence in the use of this ma-
terial in the treatment of chronic or nonhealing dermal 
wounds. The PurionSM process (MiMedx Group, Inc, 
Kennesaw, GA) has created a stable, easily stored, and 
easily transported material that is becoming an increas-
ingly common application in the treatment of various 
types of wounds.  This approach uses a combination of 
procedures designed to select low-risk patients, cleanse 
the membrane of bioburden, gently dehydrate the mate-
rial, and sterilize the prepared product. Initially marketed 
to the ophthalmology community, human amniotic mem-
brane allografts made using this process have been suc-
cessfully used more than 45,000 times in the treatment 
of eye injuries, burns, and for reparative eye work such 
as correction of pterygium. More recently, the success of 
this material as an allograft has been extended to the gen-
eral treatment of cutaneous wounds.

Amniotic membrane allograft application. For ap-
plication of amniotic membrane in wound patients, stan-
dard medical history and physical examination assess-
ment are still required. Wound cause, duration, presence 
of comorbidity, and prior treatments are all collected as 
part of the standard recommended medical history.  Typi-
cally, advanced biologic allografts are not applied unless a 
period of conservative therapy has first been tried. Physi-
cal examination recommendations include documenta-
tion of wound appearance, size (ie, length, width, depth), 
and the presence of infection or bone exposure. Other 
standard examination elements include circulatory evalu-
ation for both macro- and micro-circulatory compromise, 
and neuropathy. Proper wound staging with the Wagner 
Ulcer Classification grading score is standard practice in 
wound clinics. Additional other studies are necessary, in-
cluding laboratory tests such as complete blood count, 
sedimentation rate and glucose, as well as tests for micro-
vascular supply. 

Surgical wound bed preparation is first completed to 
ensure the wound is free from clinical signs of infection 
or decaying tissue, including sharp debridement of the 
wound to a visible wound base with good blood flow. 
Next, graft orientation of the amniotic membrane is deter-
mined with the stromal collagen layer facing the wound. 
In the case of EpiFix (MiMedx Group, Inc, Kennesaw, GA), 
this is achieved through confirmation that the emboss-
ment “SB” (ie, Surgical Biologics, the MiMedx subsidiary 

that produces the material) on the surface of the graft is 
visible and the implanted material is placed correct-side 
up. Graft preparation is fairly straightforward. The mate-
rial is supplied in a sterile container and sterile dry scis-
sors are used to cut the material to fit the wound margin. 
It is acceptable to overlap the wound margin with the 
material by 1 mm. The material can be applied wet or 
dry and may be more easily manipulated if moistened 
with wet saline prior to application. Amniotic membrane 
wound allografts do not need to be sutured, and can be 
held in place with only “steri-strip” type adhesive attach-
ments. The graft should be covered with a non-adherent 
contact layer (eg, Adaptic [Johnson and Johnson, New 
Brunswick, NJ] or Mepitel [Mölnlycke Health Care, Go-
thenburg, Sweden]) and should not be disturbed, if possi-
ble, for at least 1 week to 2 weeks. The secondary dressing 
environment should be moist, and appropriate moisture 
management dressing for the wound type and treatment 
is recommended. Various support therapies can be used 
as needed. Dehydrated human amniotic membrane is 
compatible with offloading, decompression, and negative 
pressure therapies, and may be used in conjunction with 
hyperbaric oxygen therapy. Collagenase-based pastes or 
creams should not be used, since the enzymes would po-
tentially destroy much of the valuable underlying cellular 
architecture of the material.

General experience is that the amniotic membrane 
allograft will incorporate into the wound bed within 1 
week to 2 weeks. The medical practitioner should an-
ticipate seeing some improvement in the wound mar-
gins and depth within 2 weeks to 3 weeks. Anecdotally, 
wound margins can typically reduce by 40% - 50% within 
3 weeks to 4 weeks in typical wounds, compared to more 
than 4 weeks of standard therapy. A second graft may be 

Keypoints

• �Surgical wound bed preparation is first completed 
to ensure the wound is free from clinical signs of 
infection or decaying tissue, including sharp de-
bridement of the wound to a visible wound base 
with good blood flow. Next, graft orientation of the 
amniotic membrane is determined with the stromal 
collagen layer facing the wound.

• �General experience is that the amniotic membrane 
allograft will incorporate into the wound bed within 
1 week to 2 weeks. The medical practitioner should 
anticipate seeing some improvement in the wound 
margins and depth within 2 weeks to 3 weeks.
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applied when slowing of the wound margin reduction 
is observed in measurements over time. Chronic wounds 
can remain problematic however, and must still be closely 
followed.45

Snyder-Fetterolf 4-Week PAR Tool. Margolis et al46 

performed a meta-analysis on individuals with diabetes 
with neuropathic ulcers to ascertain effectiveness of stan-
dard care with moist wound healing and appropriate clin-
ical practice guidelines (CPG), at 12 weeks and 20 weeks, 
respectively. The analysis gleaned abysmal results with a 
24.1% (n = 425) and 31.2% (n =175) healing rate at 12 
weeks, respectively. This research, however, created cata-
lysts for change, including the need for pivotal clinical de-
cision points that could foster practitioner introspection 
and reevaluation of reasons for delayed healing and the 
potential need for advance therapies.

In a retrospective analysis of 203 patients, Sheehan 
et al47 concluded that if a wound failed to resurface by 
at least 50% (percent area reduction [PAR]) in the first 4 
weeks of therapy, the wound was unlikely to completely 
epithelialize in 12 weeks, thus representing a negative 
predictor of healing. Snyder et al48 conducted a retrospec-

tive analysis of 2 randomized controlled studies (n = 133 
and n =117, respectively) and found only 5% and 2%, re-
spectively, healed in 12 weeks if the PAR was less than 
50%, thus validating Sheehan’s hypothesis. It remains clear 
that advanced therapies such as dHAM could be useful in 
facilitating a PAR of > 50% at 4 weeks, accelerating heal-
ing. 

Based upon the literature, the aforementioned tool 
may be helpful in establishing when a cutting edge ther-
apy such as dHAM may be useful. The key to effective 

Figure 4. Snyder-Fetterolf 4-Week Percent Area Reduction (PAR) Tool. Review of wound size at weekly intervals can de-
velop an early predictive model for a decision to utilize advanced biologic treatments.  (Area reduction is calculated by 
subtracting the wound area at the week in question from the area at Week 0 and dividing by the Week 0 value.)  Ulcers 
with slow wound healing kinetics and/or reduced improvement at 4 weeks will benefit from advanced biologic treatments 
such as amniotic membrane allografts.

Percent Area Reduction (PAR) Tool

Patient’s Name:	 _________________________________________Date:______________Wound Number:_______

Percent Area Reduction

Week 0 Week 1 Week 2 Week 3 Week 4

Wound
Baseline
___cm2

> 25%
------
< 25%

> 30%
-----
< 25%* < 40%

> 40%
-----
< 25%* < 40%

> 50%
-----
< 50%*

Calculation ______% ______% ______% ______%

Smaller
Unchanged
Larger

Smaller
Unchanged
Larger*

Smaller
Unchanged*
Larger*

Smaller
Unchanged* 
Larger*

*Consider advanced therapies49

Keypoints

• �Based upon the literature, the Snyder-Fetterolf 
4-Week PAR Tool may be helpful in establishing 
when a cutting edge therapy such as dehydrated 
human amniotic membrane (dHAM) may be useful. 
The key to effective treatment is to use advanced 
therapies early in the treatment paradigm. 

•	�Human amniotic membrane allografts present an 
effective, value-based solution for wound care in 
clinics and hospitals across a number of domains.

Fetterolf.indd   304 10/24/12   9:27 AM



Fetterolf and Snyder

Vol. 24,  No. 10  October 2012	  305  

treatment is to use advanced therapies early in the treat-
ment paradigm. 

Cost effectiveness. Untreated or chronic non-healing 
wounds represent a significant cost to both patients and 
society. Nonhealing leg ulcers have a high predictive val-
ue for forward future medical costs, and are a health infor-
matics marker for increased health care costs in the pop-
ulation of individuals with this pathology. Patients with 
chronic nonhealing wounds can have medical care costs 
that have been quoted as high as $30,000 to $40,000 per 
year.4 

Data from a retrospective analysis of 974 home care 
patients performed by Snyder et al,50 suggests that treat-
ment with saline-gauze dressings applied daily may be 10 
times more costly than advanced therapies and provide 
fewer benefits. Furthermore, retrospective data collected 
by Lazaro-Martinez et al,51 involving 40 patients, revealed 
that treating neuropathic ulcers in patients with diabetes 
utilizing an advanced product, such as collagen/oxidized 
regenerated cellulose, could provide an excellent cost-
benefit ratio that saves an average of $2,280.13/patient 
over 6 weeks of treatment. Additionally, a review of the lit-
erature supports the hypothesis that improved and faster 
healing of neuropathic ulcers in patients with diabetes 
may reduce the incidence of amputation;52 amputations 
are associated with increased direct cost of care ranging 
from $22,000 to $60,000.53

Despite this evidence, clinicians often avoid advanced 
therapies in favor of saline-gauze (wet-to-dry), foams, or 
generic moist wound healing products, because they are 
still perceived as having little benefit and being too ex-
pensive when compared to traditional methods. Although 
it is true that modern products have a higher unit cost, 
they require fewer dressing changes, making them more 
cost effective.60 If other issues such as time to healing, 
clinician confidence that the appropriate therapy is being 
utilized, and quality of life are included, cost effectiveness 
should be a major force for change.54

Proper and definitive treatment of chronic wounds is 
an important clinical goal for health plans, hospitals, and 
medical practices, but particularly for patients with sig-
nificant, exacerbating, underlying comorbidities, or who 
must bear the significant cost that treatment of this con-
dition entails. Human amniotic membrane allografts pres-
ent an effective, value-based solution for wound care in 
clinics and hospitals across a number of domains.

Conclusion
Human amniotic membrane is a uniquely suited mate-

rial for use as an allograft in wound management. Used in 
its natural form, then later in preserved preparations, the 
material assists in the healing process through a number 
of physical, biochemical and molecular biological path-
ways to promote regenerative healing while simultane-
ously reducing scar formation. Dramatic wound closure 
rates have been demonstrated for chronic wounds, while 
evolving characterization of the mechanisms involved in-
dicate deep involvement of the molecular biology of the 
healing process that is occurring. Wounds respond best 
to advanced therapies, such as dHAM, when utilized early 
in the treatment regime; the PAR Tool elucidated in this 
manuscript may help make appropriate decisions in this 
regard. Additional research and characterization of this 
process will more completely define the dramatic results 
seen in the application of this material.

Disclosure
Dr. Fetterolf is Chief Medical Officer of MiMedx Group, 

Inc, manufacturer of EpiFix dehydrated amniotic mem-
brane; Dr. Snyder is Consultant to MiMedx Group, Inc.
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