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Degradable, absorbable or resorbable—what is the
best grammatical modifier for an implant that is
eventually absorbed by the body?
Yang Liu1, Yufeng Zheng1* and Byron Hayes2

ABSTRACT  The adoption of grammatical modifier for im-
plants or other kinds of biomaterials eventually absorbed by
the body has been a long-standing confusing issue, and there
are diverse terms in the large fields of research, which not
only causes the difficulties when searching on the Internet,
but also blurs the meaning and boundaries for researchers.
Prior unification attempts at laws/standards set the basis for
such research fields towards researching, labeling, marketing
and instructions for use. Considering this, the typical gram-
matical modifiers “biodegradable”, “resorbable”, “absorbable”,
along with their noun forms used in the decades of scien-
tific research have been reviewed and explained, interdiscipli-
nary in chemistry, ecology, materials science, biology, micro-
biology, medicine, and based on usage customs, laws, stan-
dards and markets. The term “biodegradable” has been not
only used in biomaterials but also in ecology waste manage-
ment, biomedicine and even natural environment. Mean-
while, the term “resorbable” has long been used in biological
reaction (osteoclast driven bone resorption), but is inappro-
priate for implants that do not carry the potential to grow
back into their original form. The term “absorbable” focuses
more on the host metabolism to the foreign biodegradation
products of the implanted material/device compared with the
term “degradable/biodegradable”. Meanwhile the coherence
and normalization of the term “absorbable” carried by its own
in laws and standards contributes as well. In general, the au-
thors consider the term “absorbable” to be the best grammat-
ical modifier with respect to other adjectives which share the
same inherence. A further internationally unified usage is
proposed by us.

Keywords:  biodegradation, bioabsorption, bioresorption,
biodegradable, absorbable, biomaterials

INTRODUCTION

Current situation
Technologies labeled as absorbable, bioabsorbable, re-
sorbable, bioresorbable, degradable, biodegradable, or by
some other similar terms, all of which carry the inher-
ent underlying potential to allow treated tissue to return
to its native state, have been developed for a long time.
More specifically, it likely started with the use of sheep
gut guitar strings (made of natural collagens, recognized
as absorbable polymer today) to approximate wounds
over 2,000 years ago in the Roman Empire [1]. As time
and technology progressed, the catgut suture technology
became significantly refined and synthetic polymers were
also developed, both of which led to the absorbable su-
tures we find in broad use today. Resorbable bioceramic
technologies also entered into use as bone fillers [2,3]. In
addition, the newly evolving biodegradable metals (such
as Mg, Fe, and Zn and their alloys) are now making their
way into the commercial marketplace [4,5]. All these
devices carry the promise of fulfilling their intended initial
physical/mechanical function and then undergoing com-
positional conversion into components that are eventually
absorbed by the body.
Meanwhile, numerous terms have been used to describe

the same general concept, with the diversity of terms pro-
viding self-evidence of either the absence or non-adherence
to standard terminology. Compounding this nomenclature
dilemma, literature in the field of absorbable/biodegrad-
able/resorbable implant materials has been increasing ex-
ponentially since the mid-1980s when the synthetic alpha-
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hydroxyester polymeric resins first became broadly avail-
able from commercial suppliers. To attain a preliminary
understanding of the scope of the confusion surrounding
labeling of these implants, all any person has to do is to ini-
tiate an Internet search, which—in order to confidently ad-
dress a single simple concept—begins as a convoluted as-
terisk-filled multi-line query.
Such problem not only causes the difficulties when

searching on the Internet, but also blurs the meaning and
boundaries for researchers. The absence of any universal
term recognition unnecessarily complicates communica-
tion and confounds the selection of language for research
papers, legal descriptions, international trade agreements,
as well as the language used in an implant’s labeling,
marketing, and instructions for use. Regardless of its
obviousness, the problem has been a present and fully
recognized problem that has persisted for decades. Some
intermittent attempts have been made by researchers to
unify this disparate language into a single preferred term
[6,7]. As a result, multiple purportedly “definitive” papers
have been published through the years. However, many
of these papers reflect the perspective of a single author
or society, which often leads to conflicts between nomen-
clature preferences [8–13] for even a single professional
society’s breadth of view can be similarly limited by its own
scope. Materials that are absorbed by the body do span
many medical disciplines, and the breadth of the technol-
ogy’s applicability may contribute toward inhibiting any
one professional society from attempting a nomenclature
resolution—as can be evidenced at numerous conferences
where one can observe an internal array of presentations
and posters with titles and terminology spanning most (if
not all) the terms described in the 1st sentence.

Standards development in advance
Typically absent from most of these historical nomencla-
ture recommendations was any comprehensive consid-
eration of the truly broader medical context contained
within medical dictionaries and the relevant pharma-
copeial and/or implantable device-related standards [14].
Early device and pharmaceutical companies, regulators,
and any of the involved standards development organi-
zations all had to consciously think about and decide on
the specific terms to include on their labels and in any
governing standard, regulation, and/or law. With implants
that are eventually absorbed by the body, the selection and
standardization of terminology by the United States Phar-
macopeia had already occurred and had fully focused on
the term ABSORBABLE by 1939 through its official des-

ignations of both ABSORBABLE and NONABSORBABLE
sutures [15,16]. This same standardized language and clas-
sifications remain in place today and have been for decades
embedded in both United States Federal laws and US-Food
and Drug Administration (FDA) regulations [17–19] (to
be discussed in later section), as well as in theUnited States,
British, and European Pharmacopeias [20–22]. Trying to
change or reverse what has already been both functional
and established in both regulations and law (now for
decades) is both difficult and a questionable undertaking.
Regardless of this historic and significant establishment of
ABSORBABLE as standardized terminology, it is possible
that a simple lack of awareness and/or rigorous review by
those involved in the broader research and clinical fields
may have become the source for the plethora of similar and
analogously utilized terms we routinely encounter today.
The advances in standard unification of the grammatical

modifier provide insights to the term usage in the research
of such field. Due to the fact that many grammatical mod-
ifiers have been used in this field for a long time, typical
terms have been reviewed and explained, interdisciplinary
in chemistry, ecology, materials science, biology, microbi-
ology, medicine, and based on usage habits, laws, standards
and markets. Furthermore, the international unification of
the grammatical term usage is proposed.

TERMINOLOGY
As stated in the opening sentence, multiple terms are be-
ing utilized to describe the same general absorbable im-
plant concept, which includes absorbable, bioabsorbable,
resorbable, bioresorbable, degradable, biodegradable, and
potentially other similar themes. To provide an improved
understanding of the scope of current language diversity,
an overview of the usage of the aforementioned words was
undertaken to provide data that assisted in both confirming
and clarifying the scope of the problem. The results are in-
tended to provide a summary understanding of the scope
of confusion (i.e., how big the problem really is) so as to
better facilitate identification of an appropriate remedy.

Overview of utilization of the terms “degrada-
tion”/“biodegradation” and “degradable”/“biodegradable”
“Degradation” and “biodegradation” are both used in
polymers and ceramics for a period of time, and had been
noted by Prof. D. Williams as “the process as deleterious
change in the chemical structure, physical properties,
or appearance of a material” according to the American
Society for Testing and Materials (ASTM) [23]. In the
research of “biorelated” polymers, International Union
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of Pure and Applied Chemistry (IUPAC) suggested that
“degradation indicates progressive loss of the performance
or of the characteristics of a substance or a device” [14]. It
is also a general process since there can be degradations
caused by the action of water named “hydrodegradation”
or hydrolysis. As for biorelated polymers, the degradation
process is limited to macromolecule cleavage and molar
mass decrease, which distinguishes the degradation of
biorelated polymer from fragmentation and disintegration
illustrated in bioceramics. The term “degradation” was
formerly used in bioceramics by Prof. L. Hench to describe
the decomposition process of calcium phosphate ceramics,
which was followed by host response and tissue repair [3].
Thus the definition of “degradation” used in polymers and
ceramics fields could be interpreted as different, inferring
more specifically to chemical processes for bio-related
polymers while referring to physical break down from the
view of bio-ceramics researchers.
As for the term “biodegradation”, it is not the simple

addition of the prefix “bio-” to “degradation”. Fig. 1 de-
scribes the common usage of “biodegradation” currently.
The word was firstly introduced as the consumption of
material by bacteria, fungi, or other biological means in
ecology, waste management, biomedicine and even natural
environment [24]. Some kinds of environmentally friendly
products also undergo such process as they can be degraded

by microorganisms and do no harm to the environment.
However, some researchers studying polymers and ceram-
ics have defined a more specific scope for “biodegradation”.
For polymers, especially biorelated polymers, the differ-
ence between “biodegradation” and “degradation” lies in
the involvement of enzymatic process [14,25]—a distinc-
tion that can be problematic if both modes are active in an
implant’s degradation process. Moreover, IUPAC stressed
the importance of proved degradation mechanisms when
using “biodegradation”, otherwise “degradation” should be
used instead of “biodegradation”. In general, “degradation”
and “biodegradation” both refer to the chain scission or
chain cleavage. Nevertheless, the meaning of “biodegra-
dation” in bioceramics is different since there is no such
process as chain scission. The degradation process of
so-called “resorbable ceramics” is claimed to involve either
decomposition to small particles as well as dissolved ions,
which participate in the enzyme/cell mediated reaction
and new tissue forms [3,26–28]. Despite the exact degra-
dation process still needs further investigations, the word
“degradation” used for “resorbable” ceramics expresses
multiple meanings covering both chemical and physical
reactions in physiological environment such as hydrolysis,
decomposition and debris formation. According to Prof.
D. Williams, the recommended definition of “biodegrada-
tion” is the gradual breakdown of  a  material mediated by

Figure 1    Common use of biodegradation currently.
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specific biological activity [23]. Another definition, as the
biomaterial or medical device involving loss of their in-
tegrity or performance when exposed to a physiological or
simulated environment, which existed in some ISO Techni-
cal Report, was not recommended since no specific respect
to biological activity mentioned [23].
Beyond the category of biomaterials, “degradable” in

pure chemistry was defined as qualifier to a substance that
can undergo physical and/or chemical deleterious changes
of some properties especially of integrity under stress
conditions [14]. Thus degradable polymer is considered
with macromolecules being able to undergo chain scis-
sions, resulting in a decrease of molar mass [14]. Besides,
ASTM made a standard definition on “degradable” in the
scope of soil, rock, and contained fluids as “in erosion
control, decomposes under biological, chemical processes,
or ultraviolet stresses associated with typical application
environments” [29]. Despite no specific emphasis on
biomaterials, numerous publications used “degradable” to

modify metals, polymers or compounds in tissue engineer-
ing, drug delivery and gene delivery [30–35]. Meanwhile,
in some ASTM standard specifications, the definition of
the adjective “biodegradable” is given as capable of de-
composing under natural conditions into elements found
in the nature [36–42]. The active ASTM entries currently
with “biodegradation”, “degradable” and “biodegradable”
in the title are summarized in Table 1. The adoptions
of “biodegradation”, “degradable” and “biodegradable”
by ASTM are historical generally in the classification of
ecology or environmental protection.
While the above listing provides evidence that the usage

of the term biodegradable is broad, it is particularly notable
that almost all of the listed standards are not relevant to
implantable devices. Instead, the listing primarily reflects
usage directed toward the environmental degradation as-
pect that is most commonly recognized within the broader
non-medical oriented population. ASTM-F1635, a stan-
dard  specifically  centered  on  the  hydrolytic  degradation

Table 1 Summary of the terms “biodegradation”, “degradable” and “biodegradable” being utilized in ASTM titles (not limited to implant)

Terminology ASTM titles

ASTM D5864-11 Standard Test Method for Determining Aerobic Aquatic Biodegradation of Lubricants or Their
Components

ASTM D6954-04(2013) Standard Guide for Exposing and Testing Plastics that Degrade in the Environment by a
Combination of Oxidation and Biodegradation

ASTM D5511-12 Standard Test Method for Determining Anaerobic Biodegradation of Plastic Materials Under High-Solids
Anaerobic-Digestion Conditions

ASTM D6139-11 Standard Test Method for Determining the Aerobic Aquatic Biodegradation of Lubricants or Their
Components Using the Gledhill Shake Flask

ASTM D7991-15 Standard Test Method for Determining Aerobic Biodegradation of Plastics Buried in Sandy Marine
Sediment under Controlled Laboratory Conditions

ASTM D5338-15 Standard Test Method for Determining Aerobic Biodegradation of Plastic Materials Under Controlled
Composting Conditions, Incorporating Thermophilic Temperatures

ASTM D6691-09 Standard Test Method for Determining Aerobic Biodegradation of Plastic Materials in the Marine
Environment by a Defined Microbial Consortium or Natural Sea Water Inoculum

ASTM D5526-12 Standard Test Method for Determining Anaerobic Biodegradation of Plastic Materials Under Accelerated
Landfill Conditions

ASTM D7475-11 Standard Test Method for Determining the Aerobic Degradation and Anaerobic Biodegradation of Plastic
Materials under Accelerated Bioreactor Landfill Conditions

Biodegradation

ASTM D5988-12 Standard Test Method for Determining Aerobic Biodegradation of Plastic Materials in Soil

ASTM F1635-11 Standard Test Method for in vitro Degradation Testing of Hydrolytically Degradable Polymer Resins
and Fabricated Forms for Surgical Implants

ASTM D7444-11 Standard Practice for Heat and Humidity Aging of Oxidatively Degradable PlasticsDegradable

ASTM D3826-98(2013) Standard Practice for Determining Degradation End Point in Degradable Polyethylene and
Polypropylene Using a Tensile Test

ASTM D7665-10(2014) Standard Guide for Evaluation of Biodegradable Heat Transfer Fluids

ASTM D8029-16 Standard Specification for Biodegradable, Low Aquatic Toxicity Hydraulic FluidsBiodegradable

ASTM D7044-15 Standard Specification for Biodegradable Fire Resistant Hydraulic Fluids
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testing of absorbable polyesters, is the sole listed standard
from ASTM Committee F04—Medical and Surgical Im-
plants and, thereby, is directly relevant to implantable de-
vices. However, this standard utilizes the term degrade
and its derivatives specifically in reference to the process of
degradation that occurs as a result of ester hydrolysis. Con-
versely, the same standard uses the term absorbable to de-
scribe a class of implants that are eventually absorbed by the
body, which it defines as: “absorbable, adj—in the body—an
initially distinct foreign material or substance that either di-
rectly or through intended degradation can pass through or
be assimilated by cells and/or tissue.”

Overview of utilization of the terms “absorption”/“bioab-
sorption” and “absorbable”/“bioabsorbable”
The term “absorption” was recognized by IUPAC as the
process of penetration and diffusion of a substance (ab-
sorbate) into another substance (absorbent) as a result of
the action of attractive phenomena. The IUPAC defini-
tion is within the scope of chemistry. As for biomaterials,
Prof. D. Williams adopted the definition in Dorland Medi-
cal Dictionary as the uptake of substances into or across tis-
sues [23]. For this kind of definition, “absorption” empha-
sizes the interaction of materials and human or animal tis-
sue. The same connotation is shared by its derivative words
“absorbable” and “bioabsorbable”, as capable of being de-
graded or dissolved and subsequently metabolized within
an organism [23]. Besides, the prefix “bio-” is abridged as

it is redundant in the field of implantation [43]. ASTM has
made standard definition on “absorbable” in the field of ab-
sorbable polymers as well as absorbablemetals, which it de-
fines as “… an initially distinct foreign material or substance
that either directly or through intended degradation can pass
through or be metabolized or assimilated by cells and/or tis-
sue in the body” [43]. Table 2 summarizes the currently ac-
tive ASTM standards and both United States and European
Pharmacopeia implantable device monographs that utilize
the word “absorbable” in the title. Distinctly different from
“biodegradable”, the utilization of “absorbable” displays a
distinct preference for use in describing this particular class
of biomedical materials and devices.
As can be observed in both Table 1 and Table 3, the

well-established terminology for describing sutures is very
broadly based on the term absorbable, with historical
application of the term to the original gut sutures and
even extending to permanent sutures through the “nonab-
sorbable” descriptor.
Aside from the language of standards organization, the

terminology utilized by regulatory agencies is also of par-
ticular relevance. Through multiple laws and regulations
the US-FDA is authorized to evaluate medical device man-
ufacturers and their products. The US Code of Federal
Regulations (CFRs) that is specific to sutures legally de-
scribes those regulated devices based on composition and
then designates both their product class and needs to meet
USP requirements. While Table 3 demonstrates both a US-

Table 2 “Absorbable” utilized in title entries for implantable device related standards

Terminology Title entries

ISO/TS 17137:2014 Cardiovascular implants and extracorporeal systems—Cardiovascular absorbable implants

ISO/TR 37137:2014 Biological evaluation of medical devices—Guidance for absorbable implants

ASTM F3036-13 Standard Guide for Testing Absorbable Stents

ASTM F2902-16 Standard Guide for Assessment of Absorbable Polymeric Implants

ASTM F2502-16 Standard Specification and Test Methods for Absorbable Plates and Screws for Internal Fixation Implants

ASTM F1983-14 Standard Practice for Assessment of Selected Tissue Effects of Absorbable Biomaterials for Implant Applications

ASTM F3160-16 Standard Guide for Metallurgical Characterization of Absorbable Metallic Materials for Medical Implants

United States Pharmacopoeia (USP 39/NF 34) monograph
“Absorbable Surgical Suture”

United States Pharmacopoeia (USP 39/NF 34) monograph
“Nonabsorbable Surgical Suture”

European Pharmacopoeia (8.8)
“Sterile non-absorbable sutures” – 1118

European Pharmacopoeia (8.8)
“Sterile synthetic absorbable braided sutures” - 1122

Absorbable

European Pharmacopoeia (8.8)
Sterile synthetic absorbable monofilament sutures – 1123
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Table 3 US-FDA suture product codes and accompanying citation of US CFRsa)

Suture name Regulation Product code

Absorbable polydioxanone surgical (PDS) suture 21 CFR878.4840 NEW

Absorbable poly(glycolide/L-lactide) surgical suture 21 CFR878.4493 GAM

Absorbable gut suture 21 CFR878.4830 GAL

Nonabsorbable poly(ethylene terephthalate) suture 21 CFR878.5000 GAT

Nonabsorbable polypropylene surgical suture 21 CFR878.5010 GAW

Nonabsorbable polyamide surgical suture 21 CFR878.5020 GAR

Natural nonabsorbable silk surgical suture 21 CFR878.5030 GAP

Stainless steel surgical suture 21 CFR878.4495 GAQ

Nonabsorbable expanded polytetrafluoroethylene (ePTFE)
surgical suture

21 CFR878.5030 NBY

a) Note: this table selects abbreviated results obtained from online search for the implant device term “suture” that was conducted on 6 Aug 2016 at:
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPCD/classification.cfm. 

FDA and a US Code of Federal Regulations preference for
absorbable terminology when referring to sutures, Table
4 shows an expansion of that preference to include a to-
tal of 30 absorbable implant product classifications, each of
which is assigned to a relevant Federal regulation that uti-
lizes the term “absorbable”.
In short, “absorbable” is both a historically well estab-

lished and currently relevant term in both the regulation
and standardization of implants that are intentionally ab-
sorbed by the body.

Overview of utilization of the terms “resorption”/“biore-
sorption” and “resorbable”/“bioresorbable”
In the scope of chemistry, the term “resorption” was used to
illustrate the total elimination of a substance from its initial
place caused by physical and/or chemical phenomena [14].
Besides the understanding from pure chemistry, “resorp-
tion” is more recognized involved in the metabolic activi-
ties in vivo. For example, “resorption” is considered as the
“absorption” into the circulatory system of cells or tissue,
which usually includes bone resorption, tooth resorption
and vanishing twin [44]. In the biomedical scope, Prof. D.
Williams used themeaning in DorlandMedical Dictionary
as “lysis and assimilation of a substance, as of bone” [23].
“Bioresorption” is more common when describing the in
vivo process of a certain foreign material. The ISO defined
“bioresorption” as a process by which biomaterials are de-
graded in the physiological environment and the by-prod-
uct are eliminated or completely bioabsorbed [23]. Thus,
according to this interpretation, the bioresorption process
includes material removal in vivo either by cellular activ-
ity or not. Conversely, Taber’s Cyclopedic Medical Dictio-
nary [45] describes the term “resorb” as themeaning “to ab-

sorb again”—something that live tissue does but not some-
thing any implant is known to do—be it permanent or ab-
sorbable.
As for the adjectives “bioresorbable” and “resorbable”,

there is no difference when used to describe a kind of ma-
terials which have the ability of resorption. This is ascribed
to the fact that “resorption” itself already has been well rec-
ognized as a biological process [23]. Currently there is no
ASTM entries used “resorbable” or “bioresorbable” in the
title.

Utilization and comparison of the terms “biodegradable
metals” and “absorbable metallic materials”
“Biodegradablemetals” generally include themetalsMg, Fe
and Zn and their alloys and composites. They can be de-
fined as metals that assist with tissue healing and are then
expected to gradually corrode and release corrosion prod-
ucts in vivowith an appropriate host response and then dis-
solve completely with no implant residues [46]. As a result
and different from traditional “bio-inert”metallic biomate-
rials (e.g., Ti and Co based alloys) that release limited cor-
rosion products [47], metabolic reactions besides inflam-
mation can be expected to occur between the biodegrad-
able metal and the host body after implantation. Addition-
ally, the corrosion-based degradation mechanism of these
materials is inherently different from that of either bioce-
ramics or polymers, which has resulted in limited to no
standardized guidance available from either ASTM or ISO.
Instead of the term “biodegradable metal”, the recently

published and first absorbable metal related standard
ASTM F3160 utilizes the more inclusive word “absorbable”
within the phrase “absorbable metallic materials” and,
again,  defines the term as  “… an  initially  distinct  foreign
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Table 4 US-FDA absorbable implant related product codes, descriptions, and accompanying CFRsa)

Product code Device Device class Regulation number Regulation description

OMT Absorbable lung biopsy plug 2 [878.4755] Absorbable lung biopsy plug

LMF Agent, absorbable hemostatic, collagen based 3 [878.4490] Absorbable hemostatic agent and dressing

LMG Agent, absorbable hemostatic, non-collagen based 3 [878.4490] Absorbable hemostatic agent and dressing

MRY Appliances and accessories, fixation, bone, absorbable single/multiple component 2 [888.3040] Smooth or threaded metallic bone fixation fastener

PBQ Fixation, non-absorbable or absorbable for pelvic use 2 [884.4530] Obstetric-gynecologic specialized manual instrument

HQJ Implant, absorbable, (scleral buckling methods) 2 [886.3300] Absorbable implant (scleral buckling method)

OWT Mesh, surgical, absorbable, abdominal hernia 2 [878.3300] Surgical mesh

OXM Mesh, surgical, absorbable, fistula 2 [878.3300] Surgical mesh

OXI Mesh, surgical, absorbable, large abdominal wall defects 2 [878.3300] Surgical mesh

OXL Mesh, surgical, absorbable, organ support 2 [878.3300] Surgical mesh

OWW Mesh, surgical, absorbable, orthopaedics, reinforcement of tendon 2 [878.3300] Surgical mesh

OXF Mesh, surgical, absorbable, plastic and reconstructive surgery 2 [878.3300] Surgical mesh

OXC Mesh, surgical, absorbable, staple line reinforcement 2 [878.3300] Surgical mesh

OWZ Mesh, surgical, absorbable, thoracic, chest wall reconstruction 2 [878.3300] Surgical mesh

OWU Mesh, surgical, non-absorbable, diaphragmatic hernia 2 [878.3300] Surgical mesh

OWR Mesh, surgical, non-absorbable, facial implants for plastic surgery 2 [878.3300] Surgical mesh

OXJ Mesh, surgical, non-absorbable, large abdominal wall defects 2 [878.3300] Surgical mesh

OWX Mesh, surgical, non-absorbable, orthopaedics, reinforcement of tendon 2 [878.3300] Surgical mesh

OXG Mesh, surgical, non-absorbable, plastic and reconstructive surgery 2 [878.3300] Surgical mesh

OXD Mesh, surgical, non-absorbable, staple line reinforcement 2 [878.3300] Surgical mesh

OXA Mesh, surgical, non-absorbable, thoracic, chest wall reconstruction 2 [878.3300] Surgical mesh

LBP Replacement, ossicular (stapes) using absorbable gelatin material 2 [874.3450] Partial ossicular replacement prosthesis

OLL Septal stapler/absorbable staples 2 [878.4750] ImplanTABLE staple

MNU Staple, absorbable 2 [888.3030] Single/multiple component metallic bone fixation
appliances and accessories

GAK Suture, absorbable 2 [878.4830] Absorbable surgical gut suture

GAL Suture, absorbable, natural 2 [878.4830] Absorbable surgical gut suture

HMO Suture, absorbable, ophthalmic 3

GAN Suture, absorbable, synthetic 2 [878.4830] Absorbable surgical gut suture

GAM Suture, absorbable, synthetic, polyglycolic acid 2 [878.4493] Absorbable poly(glycolide/l-lactide) surgical suture

NEW Suture, surgical, absorbable, polydioxanone 2 [878.4840] Absorbable polydioxanone surgical suture

a) Note: the results obtained from online search for the device term “absorbable” that was conducted on 6 Aug 2016 at: http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPCD/classifica-
tion.cfm. 
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material or substance that either directly or through in-
tended degradation can pass through or be metabolized or
assimilated by cells and/or tissue.” The standard’s nomen-
clature appendix further elaborates on its preference for
“absorbable” since the prefix “bio-” is redundant in the
context of implant applications [43].
Clearly, these two terms of “biodegradable metals” and

“absorbable metallic materials” share the same connota-
tion, which defines the completemission of an intentionally
degradable material when implanted in vivo. In the context
of biodegradable metals/absorbable metallic materials,
the process includes the corrosion caused by body fluid,
a host response caused by corrosion products, followed
by dissolution/absorption and finally improved tissue
healing. The “biodegradation” instead of “biocorrosion”
is used to distinguish this new kind of metals which can
fully dissolve in vivo with no implant residues. Besides
biodegradation process, the following dynamic process of
dissolution/absorption also starts in vivo. For example,
dissolved Mg2+ is considered to enhance the integrin me-
diated human-bone-derived cell adhesion and affect new
bone formation [48]. The metabolic reaction is also crucial
and even more important for biodegradable metals as it is
helpful. It is another distinction from traditional metals
used for biomedical application. In fact, the different usage
habit forming of “biodegradable” or “absorbable”/“bioab-
sorbable” may be more related with the study field the
researchers in. Taking the “absorbable” metallic stent as
an example (Fig. 2), once the “absorbable” metallic stent
was implanted into blood vessel, “corrosion” of biometal

begins. The corrosion products including debris, hydro-
gen (for Mg-based metals), metallic ions and hydroxyl
convert the local environment and diffuse into the blood
vessel wall. Some corrosion products can be biologically
beneficial. For instance, the diffused and absorbed Zn2+

can potentially play a positive role in dealing with athero-
sclerosis [49]. Along with the corrosion process, healing
processes such as endothelialization may become en-
hanced. In summary and within the context of absorbable
metals, the adjectives “degradable” and “absorbable” refer
to the nature of the biodegradation products of the mate-
rial/device being metabolically absorbed, an attribute of
the host (animal or human body) regardless of whether
the implant degrades, corrodes, hydrolyzes, or dissolves
[50–52].

Summary quantification of the common Terms
Fig. 3a shows preliminary searching results in Web
of Knowledge using “degradable”, “absorbable” or “re-
sorbable” along with “material” as key words. The
utilization of “degradable” is a bit more frequently than
“absorbable”, but that of “resorbable” steps down. Mean-
while, the counterpart searching result, when using “bio” as
prefix to the adjectives along with “material” as keywords,
are presented in Fig. 3b. “Biodegradable material” is the
most common utilization which holds 91% among the ex-
pression approach. This is also due to the fact that besides
the common utilization in biomaterials, “biodegradable”
is also used in a wide range of applications such as clean
environment and ecology [53,54].

Figure 2   Different point of views on the biodegradation/absorption process.
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Figure 3   Searching results in Web of Knowledge from all databases: (a) with the total searched publication numbers by “degradable”+ “material”,
“absorbable”+ “material” and “resorbable”+ “material” as 100%; (b) the total searched publication numbers by “biodegradable”+ “material”, “bioab-
sorbable”+ “material” and “bioresorbable”+ “material” as 100%.

DISCUSSION

Expertise inherent biases
As previously mentioned, biomaterial is an interdiscipli-
nary field fascinating researchers with specialty from dif-
ferent backgrounds. Different backgrounds as well as dif-
ferent research point of interests may be one of the reasons
for using different terminologies. Materials scientists tend
to focus on the material/device itself, leading to their usage
of “biodegradable” to illustrate what happens to the device.
They pay more attention to the process such as hydroly-
sis, corrosion, debris, degradation products and the change
of surface morphology, resulting in the researching inter-
ests of “material biodegradation”. In contrast, surgeons and
biomedical researchers tend to be concerned more on the
host response and healing process. They are curious about
the absorption of various degradation products of the im-
planted material/device, and related metabolism mecha-
nism, and thereby prefer to use the term “absorbable” to
illustrate what happens to the device. As known, somema-
terials may only undergo biodegradation but the corrosion
products still have no influence on the metabolic activities.
For example, cellulose is considered as “dietary fiber”which
cannot be digested and absorbed by human body but is be-
nign for human body [55]. Some coating tablets for drug or
drug delivery systems made from cellulose and its deriva-
tives are quite frequently utilized or investigated [56,57].
The polymer and derivatives of cellulose can only be de-
graded but not be absorbed by human body [58]. For such
materials, the adjective “absorbable” or “bioabsorbable” is
not appropriate.
Overall, once the materials/devices are implanted into

the human body, the “biocorrosion”/biodegradation”
process happens immediately, no matter to what degree;
at the same time the host will biologically response to the

corrosion/degradation products, through the absorption,
metabolism and excretion processes. So for the same
story, the majority of materials scientists would report it
by “biodegradable/degradation” way, whereas the majority
of medical doctors would report it by “absorbable/ab-
sorption” way. In nature, the two terms “biodegradable
metals” and “absorbable metallic materials” share the same
connotation and are mutually replaceable.

Connotation and extension of noun forms “biodegradation,
bioabsorption and bioresorption” and adjectives
“biodegradable, bioabsorbable and bioresorbable”
The three noun forms of the terms illustrate the process
while their adjectival derivatives were used to describe the
group of materials with such certain capabilities. For the
study on biomaterials, polymer researchers use “degrada-
tion/biodegradation” when there is proved chain scission
process. Besides, they differentiate “biodegradation” and
“degradation” by confirmed metabolic activities between
the materials and cells or tissues. Regarding to the four
adjectives “biodegradable”, “bioabsorbable” and “biore-
sorbable”, the term “biocorrodible” is only used in scientific
papers on iron based materials and some patents on mag-
nesium based materials. The common usage of terms
“biodegradable”, “bioabsorbable” and “bioresorbable” with
respect to the biomaterial research area is shown in Table 5.
The results reveal a widespread usage of “biodegradable” in
both polymers and magnesium based metals. Varies types
of materials were reported as biomaterials. Besides, there
are also reports of “biodegradable” polymers for ecology
and environmental protection, which indicates a further
usage scope of “biodegradable” not only for implants and
devices. Besides, “bioresorbable” is also utilized in all the
research fields of polymers, ceramics andmetals. However,
no  current  work  used   “bioabsorbable”   as  grammatical
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Table 5 Current reported usage of terms “biodegradable”, “bioabsorbable” and “bioresorbable”
Terminology Category Materials Applications

PLA-PEG-biotin, PLGA Controlled cell engineering [59,60]
Porous PLGA Tissue engineering [61–63]

PLGA-PEG-PLGA Injective thermosensitive hydrogel [64]
PLGA Nerve guidance [65]

Fibronectin (Fn)-coated PLLA, P(LLA-CL) Enhanced growth of endothelial cells [60,66]
PEG tethered PPF [67]

PDMS Drug delivery [68]
PGA Tissue engineering [69]

Undefined Coronary stent [70–72]
PGA Joint resurfacing [73]

Polymers

PHA Ecology and environmental protection [74]
CaO-P2O5 glass Bone regeneration [75]
β-Whitlockite Bone regeneration [76]

Calcium phosphate hydraulic cement Bone regeneration [77]
Calcium

phosphate glass ceramics
Bone regeneration [78]

Ceramics

CaO-SiO2-B2O3 glass-ceramics Bone regeneration [79]
Pure Mg Implant material [80]

Mg-Ca-based Bone regeneration [81–84]
Mg-Zn-based Bone regeneration [33,85,86]
Mg-Sr-based Bone regeneration [87–89]
Mg-RE-based Vascular stent [90–92]

Mg and its metals

Mg-Ag-based [93]
Zn-Mg, Zn-Ca, Zn-Sr [94,95]Zn and its metals Zn-Mg-Sr [96]

Fe [97,98]

Biodegradable

Fe and its metals Fe-Mn [99]
PLLA, PLG, PGA Molecule delivery [100]

PGA Suture [101]
Undefined Drug-eluting stent [102,103]

PLA Neuron attachment [104]
Polymers

PLA and PCL reinforced with PGA fibers Bile duct patch [105]
Mg-RE based Coronary stent [106–109]

Binary Mg alloys [110]Mg and its metals
Mg-Al-based [111,112]

Zn and its metals Pure Zinc [113,114]
Fe and its metals Nitrided iron [115]

PLDLA Transforaminal lumbar interbody fusion [116]
Alkylene bis(dilactoyl)-methacrylate modified polymer Bone screw augmentation [117]

Undefined Coronary stent [118]
PHB Mandibular defects regeneration [119]
HA Bone regeneration [120]Ceramics Calcium phosphate [121,122]

MgNd2 Stent material [123]
Porous Mg Bone substitute [124]
Mg-RE Coronary stent [125]
Mg-Ca Orthopedic application [126]

Mg and its metals

Mg-based Finite element analysis [127]

Bioabsorbable

Fe and its metals Pure Fe [128]
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modifier to bioceramics. In addition, as previously
illustrated, the prefix “bio” of “bioabsorbable” and “biore-
sorbable” are abridged, hereafter discussion will concen-
trate on “biocorrodible”, “biodegradable”, “absorbable” and
“resorbable”.
Since absorbable technologies are increasingly utilized

in numerous new and broader implant applications, it be-
comes more important to not acquiesce in addressing his-
torical problems and instead actively move forward toward
utilizing standardized language that is both technically ac-
curate and unified in itsmeaning. Preferred language needs
to accurately communicate the concept. To achieve the uni-
fying goal of harmonized terminology, themedical and sci-
entific communities need to not solely look at materials,
chemistry, or even biomaterials alone, but to instead look
at term selection both across and within the context of the
broader medical discipline—the location where the results
of implant technology development actually reaches the
marketplace where therapies are brought to those in need.
Nomenclature solutions need to both understand and re-
spond to the context of terms across adjacent technologies,
which means to address needs from the perspectives of the
biomaterial researcher, the device/product developer, the
surgeon/clinician user, the regulator, and, last but not least,
the patient/general public who is the direct beneficiary of
the developed technology.
A better understanding of these terminologies is neces-

sary and beneficial to the field. Therefore, the definitions
on “degradable”, “absorbable”, “resorbable” and related
terms proposed by different organizations in different
fields have been summarized and discussed, with the con-
notation and extension of each term being compared and
the criteria being proposed.

CONCLUDING REMARKS
Herein, given both the searching problem on the Internet
and ambiguity in meanings, the usage of grammatical
modifiers to describe biomaterials that is eventually ab-
sorbed by human body has been enumerated, based on
usage habits, laws, standards and markets. In summary,
“degradable”/“biodegradable” are the most frequently used
grammatical modifier not only in metals but also poly-
mers as such kind of biomaterials. “Biodegradation” and
“biodegradable” define the change of the material/device
well in the research of biomaterials, but they are also
adopted in other fields such as ecology and environmental
protection. Meanwhile, “resorbable”/“bioresorbable” have
long been recognized in the biological research and the
“resorption” itself has been widely accepted as a biological

reaction. The utilization of “resorbable”/“bioresorbable”
was found to be not as frequent as the counterparts
“degradable”/“biodegradable” and “absorbable”/“bioab-
sorbable”. Such usage is accurate for osteoclast driven bone
resorption, but is inappropriate for implants that do not
carry the potential to grow back into their original form.
Otherwise, despite it is not the most frequently used term,
“absorbable”/“bioabsorbable” concentrates more on the
host metabolism to the foreign biodegradation products
of the implanted material/device compared with “degrad-
able”/“biodegradable”. “Absorbable” is defined in the scope
of biomaterials by different organizations and their publi-
cations and also adopted by ASTM to illustrate “absorbable
polymer”. It is the most historically established, the most
broadly applicable (includes dissolvable devices that do
not degrade), the most specific to medical applications,
and is the formal legal descriptor for most implant devices.
Considering the usage history, common utilization in law
and standards, as well as the scientific meaning in essence,
“absorbable” can be better among other grammatical
modifiers for description of an implant that is eventually
absorbed by the body, which is recommended by the
authors for a further internationally-unified usage.
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可降解、可吸收、再吸收——哪个是描述最终被人体吸收生物材料的最好词汇
刘洋1, 郑玉峰1*, 拜伦海耶斯2

摘要   关于最终被人体吸收的植入材料,领域内文献采用的英文修饰词长期以来混乱且不同,不仅造成文献检索困难,同时模糊了研究人
员的研究边界. 此领域在法律法规/标准中统一用词的确定,为领域内的科学研究、产品销售及产品使用说明奠定了基础. 我们基于化学、
生态学、材料学、生物学、微生物学和药学,立足于使用习惯、法律、标准和市场,对领域内使用已久的典型修饰词“生物可降解”、“再
吸收”和“可吸收”进行了讨论和解释. 总的来说,尽管目前绝大多数修饰语实际想表达的意思相同,作者认为“可吸收”这一英文修饰语是最
恰当的修饰词. 同时,我们提议进一步规范和统一该领域修饰词的使用.
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