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Designation: F2311 − 08

Standard Guide for
Classification of Therapeutic Skin Substitutes1

This standard is issued under the fixed designation F2311; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide defines terminology and provides classifica-
tion for products that can be substituted for tissue grafts of
human or animal tissue in medical and surgical therapies of
skin lesions.

1.2 This guide provides a classification method for skin
substitutes by comparing their clinical uses with those of
conventional tissue grafts. However, skin substitutes may also
have equivalent, superior, or inferior clinical properties in
comparison to conventional tissue grafts. Clinical classification
is independent of the materials and technology used to make a
skin substitute, or whether its components include human or
animal tissue or other biological or non-biological materials.

1.3 This guide also describes a nomenclature for systematic
description of the technologies and components of skin substi-
tutes that is independent of their clinical utilities. This system-
atic nomenclature is not intended to be prescriptive for product
labeling, and it describes only the most salient characteristics
of skin substitutes; the actual biological and clinical functions
of skin substitutes can depend on characteristics not recognized
in the nomenclature, and it should be understood that two
products that can be described identically by the nomenclature
should not be presumed to be identical or have the same
clinical utility.

1.4 This guide does not provide a correspondence between
the skin substitute composition and the clinical classification.
Also, more than one product may be suitable for each clinical
use, and one product may have more than one clinical use.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

F2027 Guide for Characterization and Testing of Raw or
Starting Biomaterials for Tissue-Engineered Medical
Products

F2150 Guide for Characterization and Testing of Biomate-
rial Scaffolds Used in Tissue-Engineered Medical Prod-
ucts

F2210 Guide for Processing Cells, Tissues, and Organs for
Use in Tissue Engineered Medical Products

F2312 Terminology Relating to Tissue Engineered Medical
Products

2.2 Other Reference:
Dorland’s Illustrated Medical Dictionary, 29th Ed., W. B.

Saunders Company, Philadelphia, 2000.

3. Terminology

3.1 Skin Tissue Definitions:
3.1.1 dermal, adj—pertaining to the dermis. Dorland’s
3.1.1.1 Discussion—In this guide, to avoid confusion, “der-

mal” is preferred to be used to refer only to a patient’s existing
or regenerated tissue and not to dermal tissue when used as a
component of a skin substitute. Exceptions are “dermal au-
tograft” and “dermal autograft substitute.”

3.1.2 dermis, n—the layer of the skin deep to the epidermis,
consisting of a dense bed of vascular connective tissue.

Dorland’s

3.1.3 epidermal, adj—pertaining to or resembling
epidermis. Dorland’s

3.1.3.1 Discussion—In this guide, to avoid confusion, “epi-
dermal” is used to refer only to the patient’s existing or
regenerated tissue and not to epidermal tissue used as a
component of a skin substitute. Exceptions are “epidermal
autograft” and “epidermal autograft substitute.”

3.1.4 epidermis, n—the outermost and nonvascular layer of
the skin. Dorland’s

1 This guide is under the jurisdiction of ASTM Committee F04 on Medical and
Surgical Materials and Devices and is the direct responsibility of Subcommittee
F04.41 on Classification and Terminology for TEMPs.
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3.1.5 skin, n—the outer integument or covering of the body,
consisting of the dermis and the epidermis, and resting upon
the subcutaneous tissues. F2312

3.1.6 tissue, n—an aggregation of similarly specialized cells
united in the performance of a particular function. In general,
a tissue contains an extracellular matrix, in addition to special-
ized cells. F2312

3.2 Skin Wound and Ulcer Definitions:
3.2.1 excised skin wound, n—a full or deep partial thickness

open skin wound that has been created by surgery and that is
free of foreign matter, necrotic and devitalized tissue, and
microbial contamination, has no punctuate bleeding, and is
capable of engrafting a skin autograft. In addition, an excised
skin wound should have a suitable contour such that the skin
graft or skin graft substitute can adhere (such as by capillary
attractive force) without significant air or fluid pockets between
it and the underlying viable tissue.

3.2.2 full-thickness skin wound, n—a skin wound with the
loss of epidermis, and all of the dermis or at least the depth of
dermis that includes most or all sources of epidermal cells from
epidermal adnexae (glands and follicles). F2312

3.2.3 lesion, n—any pathological or traumatic discontinuity
of tissue or loss of function of a part. In this guide, “skin
lesion” is intended to encompass skin wounds and skin ulcers.

F2312

3.2.4 open wound, n—a wound that communicates with the
atmosphere by direct exposure F2312

3.2.5 partial thickness skin wound, n—a skin wound with
the loss of the epidermis and part of the dermis, but retaining
a layer of viable dermal tissue that includes the sources of
epidermal cells from which the wound can heal spontaneously
by epidermal tissue regeneration. F2312

3.2.6 ulcer, n—a local defect, or excavation of the surface of
an organ or tissue, which is produced by the sloughing of
inflammatory necrotic tissue. F2312

3.2.6.1 decubitus ulcer, n—an ulceration caused by pro-
longed pressure allowed to lie still in bed for a long period of
time. Also known as decubital ulcer, pressure sore, bed sore.

Dorland’s

3.2.6.2 diabetic foot ulcers, n—an ulcer, usually of the lower
extremities, associated with diabetes mellitus. Dorland’s

3.2.6.3 venous stasis ulcer, n—ulceration due to venous
stasis or insufficiency. Also know as stasis ulcer. Dorland’s

3.2.7 wound, n—an injury or damage, usually restricted to
those caused by physical means with disruption of the normal
continuity of structures. Called also injury and trauma. F2312

3.2.7.1 Discussion—In this guide, skin wounds include
those caused by trauma, surgical incision, or surgical excision;
skin lesion is the most general term, encompassing both skin
ulcers and skin wounds. This guide makes no distinction
among different types of ulcers (for example, decubitus ulcers,
diabetic ulcers, venous stasis ulcers) which are a result of
differing pathologies or conditions and for which different
procedures and different types of skin substitute may be
appropriate.

3.3 Wound Healing Physiology Definitions:
3.3.1 Discussion—In surgical wound closure, an important

distinction is made according to whether the surgeon expects
the healing to be accomplished by granulation tissue. This
distinction is made because in the normal physiology of wound
healing, granulation tissue matures into scar with wound
contracture, which is an undesirable outcome (see 6.3.1).
Wound closure “by approximating the wound edges or per-
forming a skin autograft” is “healing by first intention,” and
wound closure by “allowing spontaneous healing from the
edges” is “healing by second intention.”

3.3.2 devitalized, n—deprived of vitality or life. Dorland’s

3.3.3 engraftment, n—incorporation of grafted tissue into
the body of the host. F2312

3.3.4 [graft] take, n—engraftment. F2312

3.3.5 granulations, n—granulation tissue.

3.3.6 granulation tissue, n—the newly formed vascular
tissue normally produced in the healing of wounds of soft
tissue and ultimately forming the cicatrix [scar]; it consists of
small, translucent, red, nodular masses or granulations that
have a velvety appearance. F2312

3.3.7 heal, v—to restore wounded parts or to make healthy.
F2312

3.3.8 healing, n—the restoration of integrity to injured
tissue. F2312

3.3.9 healing by first intention, n—healing in which union or
restoration of continuity occurs directly without intervention of
granulations. F2312

3.3.10 healing by second intention, n—union by closure of a
wound with granulations which form from the base and both
sides toward the surface of the wound. F2312

3.3.11 hypercatabolism, n—abnormally increased
catabolism. Dorland’s

3.3.12 necrotic, n—characterized by the sum of the morpho-
logical changes indicative of cell death and caused by the
progressive degradative action of enzymes. Dorland’s

3.3.13 primary healing, n—healing by first intention.

3.3.14 primary wound closure, n—wound closure by ap-
proximating wound edges or performing a skin graft (healing
by first intention).

3.3.15 scar, n—fibrous tissue replacing normal tissues de-
stroyed by injury or disease. F2312

3.3.16 secondary healing, n—healing by second intention.

3.3.17 secondary wound closure, n—wound closure for
healing by second intention.

3.3.18 skin replacement, n—the permanent replacement of
lost or diseased skin with healthy skin.

3.3.19 tissue regeneration, n—healing in which lost tissue is
replaced by proliferation of cells, which reconstruct the normal
architecture. F2312

3.3.20 tissue repair, n—healing in which lost tissue is
replaced by a fibrous scar, which is produced from granulation
tissue. F2312
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3.3.21 wound closure, n—the provision of an epithelial
cover over a wound. It can be accomplished by approximating
wound edges, performing a skin graft, or allowing spontaneous
healing from the edges. F2312

3.3.22 wound closure immediate physiological response,
n—an immediate restoration of some of the physiological
functions of skin by a skin graft or skin substitute that is
demonstrated by an immediate reduction in wound
inflammation, pain, and fluid loss. Granulation tissue is not
formed and wound contraction does not occur. In the case of a
large wound, the open wound systemic physiological response
is also reduced.

3.3.23 wound contraction, n—the shrinkage and spontane-
ous closure of open skin wounds. F2312

3.3.24 wound contracture, n—a condition of fixed high
resistance to passive stretch of muscle, skin or joints resulting
from fibrosis and scarring of the skin or the tissues supporting
the muscles or the joints, or both.

3.3.24.1 Discussion—This definition is a modification of
Dorland’s definition of contracture, “a condition of fixed high
resistance to passive stretch of muscle, resulting from fibrosis
of the tissues supporting the muscles or the joints, or disorders
of the muscle fibers,” because that definition does not address
fibrosis and scarring in skin. F2312

3.3.25 wound inflammation, n—a localized protective re-
sponse elicited by injury or destruction of tissues, which serves
to destroy, dilute, or wall off (sequester) both the injurious
agent and the injured tissue. It is characterized in the acute
form by the classical signs of pain (dolor), heat (calor) redness
(rubor), swelling (tumor), and loss of function (functio laesa).
Histologically, it involves a complex series of events, including
dilation of arterioles, capillaries, and venules, with increased
permeability and blood flow; exudation of fluids, including
plasma proteins; and leukocytic migration into the inflamma-
tory focus. F2312

3.4 Graft Definitions:
3.4.1 allograft, n—a graft of tissue between individuals of

the same species but of disparate genotype. Called also
allogeneic graft and homograft.3 F2312

3.4.2 autograft, n—a graft of tissue derived from another
site in or on the body of the organism receiving it. F2312

3.4.3 conventional graft, n—fresh or frozen graft tissue, not
otherwise processed.

3.4.4 dermal autograft, n—a skin [autograft] from which
epidermis and subcutaneous fat have been removed; used
instead of fascia4 in various plastic [surgery] procedures.

F2312

3.4.5 donor, n—a living or deceased organism who is the
source of cells or tissues, or both, for research or further
processing for transplantation in accordance with established
medical criteria and procedures. F2210

3.4.6 epidermal autograft, n—an autograft consisting pri-
marily of epidermal tissue, including keratinocyte stem cells,
but with little dermal tissue.5 F2312

3.4.7 full thickness skin autograft, n—a skin [auto]graft
consisting of the epidermis and the full thickness of the dermis.

F2312

3.4.8 graft, n—any tissue or organ for implantation or
transplantation. F2312

3.4.9 implantation, n—the procedure of inserting materials
such as a cell(s), tissue(s), or organ(s) for therapeutic purposes.
Synonym: graft or grafting. TEMPs may be applied to a
recipient by implantation or grafting. F2210

3.4.10 recipient, n—the individual or organism into whom
materials are grafted or implanted. F2210

3.4.11 split thickness skin autograft, n—a skin [auto]graft
consisting of the epidermis and a portion of dermis. F2312

3.4.12 transplantation, n—for therapeutic purposes, the pro-
cess of implanting in one part, cells, tissue(s), or organ(s) taken
from another part or from another individual. Some (but not
all) forms of transplantation are regulated by the U.S. Food and
Drug Administration (FDA) under 21 CFR Parts 16 and 1270
(1) and 21 CFR Parts 207, 807, and 1271 (2). F2210

3.4.13 xenocultured cell, n—a cell that is a xenotransplan-
tation product.

3.4.13.1 Discussion—Xenografts and xenotransplantation
products comprise overlapping but not congruent groups of
skin substitutes. Autograft, allograft, and xenograft are tradi-
tional terms to describe tissue used in surgical procedures.
Because autograft involves the harvesting of the patient’s own
tissue, care is taken to preserve its viability. However, allograft
and xenograft are not necessarily alive and may have been
frozen for storage. Skin substitutes may combine attributes of
autograft, allograft, xenograft, and xenotransplantation
product, depending on the origin of cells or tissues used in their
manufacture, and whether these components are alive or not.
For example, a skin substitute consisting of viable autologous
epidermal cells grown on a feeder layer of metabolically
active, non-replicating murine cells may be both autologous
and a xenotransplantation product.

3.4.14 xenograft, n—a graft of tissue transplanted between
animals of different species. Called also heterograft, heterolo-
gous graft and heteroplastic graft. A xenograft is not necessar-
ily a xenotransplantation product (3.4.16), and vice versa.

F2312

3.4.15 xenotransplantation, n—any procedure that involves
the transplantation, implantation, or infusion into a human
recipient of either (a) live cells, tissues, or organs from a
nonhuman animal source, or (b) human body fluids, cells,

3 It should be understood that an allograft substitute or autograft substitute may
include animal components which cause it to be also a xenotransplantion product
according to 3.4.16.

4 “a sheet or band of fibrous tissue such as lies deep to the skin …” (Dorland’s).

5 For practical details, see Fang, P., Engrav, L. H., Gibran, N. S., Horani, S.,
Kiriluk, D. B., Cole, J. K., Fleckman, P., Heimbach, D. M., Gauer, G. J., Matsumura,
H., and Warner, P., “Dermatome Steeing for Autografts to Cover Integra®,” J Burn
Care Rehabil., 23, 2002, pp. 327-332; and Kagan, R. J., Invited editorial, J Burn
Care Rehabil., 23, 2002, pp. 326.
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tissues, or organs that have had ex vivo contact with live
nonhuman animal cells, tissues or organs.6

3.4.16 xenotransplantation product, n—live cells, tissues, or
organs used in xenotransplantation.7

3.5 Other Wound Cover Definitions:
3.5.1 dressing, n—any of various materials utilized for

covering and protecting a wound. F2312

3.5.2 skin substitute, n—a biomaterial, engineered tissue, or
combination of biomaterials and cells or tissues that can be
substituted for a skin allograft, a skin autograft, an epidermal
autograft, or a dermal autograft in a clinical procedure.F2312

3.5.3 wound cover, n—a dressing, skin graft, or skin substi-
tute.

3.6 Skin Substitute Components and Processes:
3.6.1 acellular scaffold, n—a scaffold without primary or

cultured cells.

3.6.2 allogeneic or allogenic, adj—from cells, tissues, and
organs in which the donor and recipient are genetically
different individuals of the same species. Synonyms: allograft
and homograft. F2210

3.6.3 autologous, adj—from cells, tissues, and organs in
which the donor and recipient is the same individual. Syn-
onyms: autogenous, autograft, or autotransfusion, a self-to-self
graft. F2210

3.6.4 biomaterial, n—any substance (other than a drug),
synthetic or natural, that can be used as a system or part of a
system that treats, augments, or replaces any tissue, organ, or
function of the body. F2312

3.6.5 cell, n—the smallest structural unit of an organism that
is capable of independent functioning, consisting of one or
more nuclei, cytoplasm, and various organelles, all surrounded
by a semipermeable cell membrane. F2312

3.6.6 cell culture, n—the in vitro growth or maintenance of
cells. F2210

3.6.7 cell type, n—a distinct morphological or functional
form of cell.

3.6.8 cellularized scaffold, n—a scaffold that has been
seeded with viable cells. The seeded scaffold may or may not
be further cultured.

3.6.9 cultured cells, n—cells propagated by cell culture.

3.6.10 extracellular matrix, n—any material produced by
cells and excreted to the extracellular space within the tissues.
It takes the form of both ground substance and fibers and is
composed chiefly of fibrous elements, proteins involved in cell
adhesion, and glycosaminoglycans and other space-filling mol-
ecules.

3.6.11 killed cell, n—a cell that has been subjected to
conditions that assure that it is non-viable.

3.6.12 live cell, n—a viable cell.

3.6.13 metabolically active, adj—capable of catalyzing all
of the chemical transformations and transport processes typical
of living organisms, including anabolism and catabolism.
Metabolic processes typically transform small molecules, but
also include macromolecular processes such as DNA repair and
replication, protein synthesis and degradation, and membrane
transport.

3.6.14 natural materials, n—synthesized or produced by
living cells. F2027

3.6.15 non-viable cell, n—a cell not meeting one or more of
the criteria for viability given in 3.6.23.

3.6.16 primary cells, n—dispersed cells derived directly
from fresh tissue.

3.6.17 proliferation competent cell, n—viable cell capable
of continued growth and replication under appropriate culture
or in vivo conditions.

3.6.18 scaffold, n—a support, delivery vehicle, or matrix for
facilitating the migration, binding, or transport of cells or
bioactive molecules used to replace, repair, or regenerate
tissues. F2150

3.6.19 scaffold architecture, n—macrostructure characteris-
tics of a scaffold biomaterial that determines its permeability to
cells, including whether or not it is an impervious solid,
impervious membrane, porous membrane, open cell porous
foam, non-woven fibers, woven fabric, cell-permeable gel.

3.6.20 skin substitute format, n—the overall shape of the
skin substitute, such as sheet, multilayer sheet, particles,
granules, pellet, spheroid, cylinder, and so forth

3.6.21 syngeneic, adj—from cells, tissues, and organs in
which the donor has an unreactive genotype with the recipient.
Synonyms: syngraft, isograft, isogeneic, or isogenic. F2210

3.6.22 synthetic biomaterial, n—a chemically synthesized
biomaterial.

3.6.23 viable cell, n—a cell capable of metabolic activity
that is structurally intact with a functioning cell membrane.

3.6.24 xenogeneic or xenogenic, n—from cells, tissues, and
organs in which the donor and recipient belong to different
species. Synonyms: xenogenous, heterogeneic, or heterolo-
gous. F2210

3.7 Medical and Surgical Procedures:
3.7.1 debridement, n—the removal of foreign material and

devitalized or contaminated tissue from or adjacent to a
traumatic or infected lesion until surrounding healthy tissue is
exposed. Dorland’s

3.7.2 dressing therapy, n—application of wound dressing in
direct contact with wound tissue or lesion. Wound dressing
therapy may be used to protect an open skin wound or skin
ulcer during healing by second intention and in therapy of
non-healing ulcers that is aimed at promoting natural wound
closure and/or tissue repair or at keeping the pathology at its
present level and preventing exacerbation.

3.7.3 excision, n—the surgical procedure to prepare a
wound to accept a skin graft. The result of the procedure is an
excised skin wound (see 3.2.1). Excision encompasses any

6 This definition is intended to be consistent with that of the United States Public
Health Service (USPHS) and the United States Food and Drug Administration. See
http://www.fda.gov/CBER/xap/xap.htm and http://www.fda.gov/CBER/gdlns/
clinxeno.htm.

7 See http://www.fda.gov/CBER/gdlns/clinxeno.htm.
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