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BIOMECHANICAL FEATURES OF DIFFERENT SUTURE MATERIALS USED
IN HEPATO-PANCREATO-BILIARY SURGERY
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Abstract. The key features of any suture material, such as its tensile strength, knot security, resorbability, handling
characteristics and biological behavior must be taken into account during the selection process. These biomechanical
features may be variable in different microenvironmental conditions in the human body in which the sutures are
placed due to the influence of numerous local biohumoral factors. We have reviewed the data on the impact of
pancreatic juice and bile, various pH conditions, chemotherapy and heat on different suture materials behavior. It is
suggested that in pancreatic and biliary surgery polydioxanone sutures should be used. The review has also
demonstrated that absorbable suture materials were more sensitive to pH than non-absorbable sutures. In addition,
polyglyconate sutures were the strongest of all absorbable synthetic sutures when exposed to heat and cytotoxic drugs.

This review provides a better basis for the selection of suture materials for specific applications.
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Introduction

Surgical sutures are among the most commonly used
medical devices. Their design and composition, along
with the application technique, are essential for success-
ful wound healing [1]. Although many issues are in-
volved in the wound healing process special considera-
tion should be taken with regard to the exposure of the
suture materials to various microenvironmental biohu-
moral factors in the different tissues. These include dif-
ferent body fluids, pH conditions, local temperature etc.

Types of suture materials and their classifications
are presented in Table 1. The most common classifica-
tion of surgical suture materials is based in their resorb-
ability and includes absorbable (AB) or non-absorbable
(NAB) sutures. Also, based on their composition within
these two categories, there are three types of materials
used: natural unmodified, natural modified, and syn-
thetic. In addition, based on their structure they are di-
vided to monofilament and multifilament, coated or
uncoated, with straight or curved needle. Furthermore,
sutures can be classified according to their sizes as well
as to the method of application, The performances of the
suture material are adjusted to the specific tissue- and
microenvironment-related conditions and demands, so
the sutures are also classified for particular exclusive
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application in different types of surgery. The key fea-
tures of any suture material, such as its tensile strength,
knot security, resorbability, handling characteristics and
biological behavior must be taken into account during
the selection process [2].

Possible mechanisms underlying the changes of the
suture features in different conditions will be discussed
below, with an emphasis on pancreatic juice and bile,
various pH conditions, chemotherapy and heat. Fur-
thermore, these changes are also important considering
that some of these materials are nowadays being widely
investigated as possible constituents of some more
complex prosthetic devices.

Biomechanical properties
of the suture material

The biomechanical properties of the suture are of major
concern to surgeons. The capacity of a suture to with-
stand the tension forces that lead to its stretching and
rupture is defined as tensile strength. It is under the di-
rect influence of numerous factors, most important be-
ing the material components, the cross-sectional area
thickness and the stretching force. In terms of surgical
practice, tensile strength is the time it takes for suture to
lose 70% to 80% of its initial strength. Most available
AB sutures halve their strength within 4 weeks. How-
ever, lactide-based copolymer AB sutures can maintain
the strength over the period of 2 months. For most of the
AB sutures, required full absorption time ranges from
several months to years [1]. It is important to notice that
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the loss of tensile strength and mass absorption are two
separate processes. Although the suture loses its
strength much faster than it is absorbed, it must support
the wound long enough to enable healing after which it
remains in the tissue as a foreign body for a much
longer period [2].
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In the early stages of wound apposition and healing,
high tensile strength of sutures is important, while re-
tention of strength is important in delayed wound heal-
ing situations [3]. Suture strength is influenced by vari-
ous conditions prevailing in a particular part of the
body. In many areas the changes of the fiber properties

== Nature suture materials

Absorbable e Catgut - plain or chromic
Silk*
Non-Absorbable Linen

Stainless Steel Wire

= Polyglyconate
(%]
(¢o] — Glyconate
| -

| 3

== Polyglycolica Acid*
o YElY:!
E -
Q == Poliglecaprone 25
S
B

=1 i *
=S Polyglactin 910
n — Absorbable —

=] Polydioxanone

Synthetic suture
materials

== Polyglytone 6211

o= Glycomer 631

== Polycaprolactone

k== Poly-L-Lactide/glycolide*

r— Polypropylene

= Polyamide
Non-Absorbable =

I Polyester*

== Polyvinylidenefluoride

Fig. 1 Different types of suture materials with their classifications (natural and synthetic; absorbable and non-absorbable;

mono-filament and multi-filament).

“Multi-filament (braided) sutures, whereas all other unmarked sutures (without *) are mono-filament.



The Influence of Various Microenvironmental Factors on Biomechanical Features of Different Suture Materials Used in Hepato-Pancreato-Biliary Surgery 97

and weakening of the tensile strength occur due to the
influence of various local biohumoral factors. Also, it is
noted that the weakest point of a surgical suture is the
knot, regardless of the suture material and the knot con-
figuration [4, 5]. It is important to know the tensile
strength of the suture and its changes in different pH
environments [6, 7], under the influence of body fluids
[8, 9], or due to the presence of bacterial adherence [10].
These changes may irreversibly alter the suture dynamics
[11], knotting characteristics [12, 13] and biocom-
patibility [14], and eventually lead to impaired healing.

Effect of pancreatic juice and bile on the
tensile strength of suture materials

It is assumed that pancreatico-jejunostomy has a higher
failure rate compared to other surgical anastomoses.
One of the reasons for that may be the exposure of the
sutures to pancreatic juice. Specific effects of pancreatic
juice and bile on the tensile strength of suture materials
derive from the composition of these two body fluids.
Bile contains water, electrolytes, bile salts, proteins,
lipids, and bile pigments, and it is an alkaline fluid.
Pancreatic fluid contains approximately fifteen enzymes
or precursors of enzymes [8].

There is little data on the effects of pancreatic juice
and bile on suture materials. The aim of the study by
Muftuoglu et al. (2004) was to observe such effects on
absorbable and non-absorbable suture materials [8]. The
authors suggested that the application of catgut and silk
should be avoided and for mucosal layer of pancreatico-
jejunostomy non-absorbable sutures should be used.
This research also showed that PGA sutures and poly-
glactin 910 were not appropriate for use in pancreatic
surgery. Furthermore, the authors proposed PDO sutures
for application in pancreas surgery because of their re-
sistance to pancreatic fluid and lesser associated in-
flammatory reaction [8]. Biliary and pancreatic surgery
are associated with increased risk of fistula [8]. The
nature of the suture used may have a role in the genesis
of pancreatic fistula, in addition to multiple factors in-
volved in the development of this complication [9]. The
majority of absorbable suture materials are sensitive to
proteolytic enzymes contained in pancreatic juice be-
cause they are made of proteins [9].

One of the earliest researches was the study by Mi-
zuma et al. investigating the changes of loop-tensile
strength of various suture materials when exposed in
vitro to pancreatic juice [9]. It was concluded that due to
the exposure to pancreatic juices and consequent prote-
olysis, 24-48 hours after surgery, catgut could not
maintain its tensile strength and could not hold the pan-
creatic duct and jejunum connected. Furthermore, their
research demonstrated that catgut sutures were disinte-
grated even when almost all trypsin activity was inhib-
ited and this was due to the presence of other proteolytic
enzymes in the pancreatic juice that may be involved in
the process of digestion. Also, non-activated pancreatic
juice was capable of digesting the catgut because these

pancreatic enzymes were active at least partially in the
form in which they were secreted [9]. Interestingly, the
finding that the addition of aprotinin has a protective
effect might have practical significance [9].

According to the results of Mizuma et al., PGA su-
tures maintained their strength better than catgut, but
not as well as silk or nylon. Also, because of their
structure, polyglycolic sutures were digested by non-
activated pancreatic juice faster than by activated pan-
creatic juice [9]. Furthermore, in numerous studies it
was concluded that synthetic suture materials were bet-
ter for use in pancreas surgery [15, 16].

Effect of various pH conditions on the ten-
sile strength of suture materials

It is very important for the surgeon to know how the
strength of suture materials is influenced by the differ-
ent chemical components and features of the body fluid
in direct contact with the thread, particularly the pH
level, after their implantation. In different circum-
stances, especially under pathologic conditions, the pH
of body fluids may alter the biomechanical characteris-
tics of the suture. Thus, a study of the pH effect on ten-
sile strength of sutures will provide a better basis for the
selection of suture materials for specific applications.

Under normal circumstances, the pH of gastric juice
varies from 0.9 to 1.5 while pancreatic juice in the duo-
denum ranges from 7.5 to 8.2 and urinary pH ranges
from 4.5 to 8.0. Chu’s et al. categorized and summa-
rized the effects of pH on eight different AB and NAB
suture materials, based on an in vitro immersion study.
The reported pH dependent degradation of sutures in
this study deserves the attention of surgeons in their
selection of these suture materials in various physio-
logic and pathologic conditions. Furthermore, in this
study it was indicated that AB suture materials were
more sensitive to pH than NAB suture materials [17].

Tomihata et al. showed that sutures containing gly-
colic acid as a comonomer were degraded faster in al-
kaline solution, whereas PDO sutures had a faster deg-
radation in acidic solution [18]. In addition, Chu et al.
(1983) demonstrated that both acidic and alkaline envi-
ronments might accelerate the degradation of natural
AB sutures, while only alkaline conditions had this un-
desirable effect on synthetic AB sutures. This observed
pH dependence of PGA and polyglactin 910 sutures was
consistent with the previous reports [19, 20], but it was
contrary to Holm-Jensen and Agner’s and Reed and
Gilding’s data [21, 22]. It is hypothesized that the coat-
ing materials and/or the level of crystallinity may con-
tribute to this discrepancy. In the same investigation,
within the NAB sutures, silk was the most sensitive in
various pH conditions. Polyamide [multifilament) su-
tures were the next most sensitive to pH levels, while
polyamide (mono-filament), polyester, and polypropyl-
ene sutures had very similar pH dependence [17].

Many authors [7,23] were consistent with results of
Chu’s et al. (1983) research indicating that accelerated
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loss of strength was present in both acidic and alkaline
environments. Also, it is claimed that the suture im-
plantation site, which is always presented with inflam-
mation, is generally on the acidic side of the pH scale
[17]. This may have a major importance in certain situ-
ations. For example, the transfixion of a bleeding ulcer
in the environment with low pH due to the presence of
HCI should not be performed with plain catgut sutures.
NAB sutures that maintain their tensile strength for 4
weeks are the right choice in these situations. For clo-
sure of the intestines the choice should be the AB su-
tures in order to avoid the narrowing of the intestinal
lumen and bacterial migration along the fibers [17].

Preservation of adequate strength in pancreatic juice
is especially important. In Chu’s study it was noted that
polypropylene, polyester, and polyamide (mono-fila-
ment) were the NAB sutures of choice rather than silk
sutures and polyamide (multifilament), while polyglac-
tin 910 was the best among the AB sutures. As for the
urinary tract the AB suture is a better choice than NAB
suture [17].

The study by Karabulut et al. (2010) aimed to inves-
tigate the effects of pH and in vivo and in vitro effects of
different intra-abdominal organs and fluids on the re-
tention of tensile strength of seven different suture ma-
terials. They summarized that polypropylene suture
preserves its stability in all conditions and pH values. In
addition, it is concluded that in urological surgery poly-
glytone 6211 and glycomer 631 should be used. In bili-
ary surgery polyglactin 910, polyglyconate or glycomer
631 had the best performances, while the use of poly-
propylene, as the material with highest durability, was
disputed because it is an NAB suture and could cause
biliary stone formation [7].

Effect of chemotherapy and heat on the
tensile strength of suture materials

The absorption rate and therefore the tensile properties
of AB sutures are dependent on their chemical proper-
ties. There is numerous evidence that free radicals [24],
enzymes [25], temperature [26], and pH [7] may affect
the hydrolysis rate of glycolic and lactic acids polymers
used in AB sutures structure. Because most of the
chemical reactions increase with temperature rise, tem-
perature is particularly important among these factors.
The process of tissue repair depends on both the surgi-
cal technique and the properties of the sutures used, as
well as on tissue integrity. It is noted that impaired
wound healing induced by chemotherapy agents and/or
hyperthermia after hyperthermic intraperitoneal chem-
otherapy (HIPEC) procedures has been associated with
bowel complications observed [5].

Lapointe’s et al. (2016) study described for the first
time the impact of heated chemotherapy on biome-
chanical properties of the commonly used gastrointesti-
nal sutures. Thus, the objective of this study was to
compare tensile breaking force and elongation rate of
six different AB sutures, when exposed to heat and cy-
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totoxic drugs: oxaliplatin and mitomycin-c, for a better
understanding of their impact on gastrointestinal anas-
tomosis. They concluded that tensile strength of all
tested AB sutures was preserved for a minimum of 2
weeks. In addition, it was suggested that exposition to
heat and chemotherapy did not significantly affect the
biomechanical properties of tested sutures. However,
this study did not analyze the long-term impact of heat
and chemotherapy on sutures' properties. This study
model was not sufficient for the final conclusion about
the influence of suture choice on anastomotic leakage
[5]. The selected heat model in this study included the
temperatures of 37°C and 45°C, because of the increased
risk of small bowel toxicity when intra-abdominal tem-
perature is over 45°C [15], while 37°C mimics the body
temperature. So far there is no clear position on the
choice of suture materials for the use in cytoreductive
HIPEC procedures. Attitudes applied by surgeons now-
adays are based on individual experience [5].

Beside the tensile strength, another important bio-
mechanical feature of the suture materials is elongation
rate which is determined by both elasticity and struc-
tural properties of the suture material. The elongation
rate of suture materials determines the suture adjustment
to both wound edema and wound contraction. As
showed in Lapointe’s et al. (2016) paper, monofilament
sutures had a significantly higher elongation rate than
multifilament sutures in all experimental conditions [5].
Furthermore, Tomihata et al. (2005) noted that monofil-
ament sutures provide higher elongation rate than
braided sutures [27]. This is explained by the structural
characteristics of monofilament sutures, i.e. more ho-
mogenous tubular structure which contributes to the
higher elongation rate [28,29]. It is important to point
out that some studies reported no correlation between
the suture tensile strength and its elongation rate [5,30].
Furthermore, increasing the size of suture material in-
creases its tensile strength.

Lapointe et al. (2016) showed in their study that un-
der basal condition polyglyconate was the strongest of
all tested AB synthetic sutures while tensile strength
was like other AB sutures investigated [5]. However,
Pietrzak et al. showed that AB polymers used in suture
composition were affected by temperature [26]. The
authors analyzed the impact of temperature on hydroly-
sis of a PGA/polylactic acid copolymer. Their results
showed that the rate of hydrolysis increased with the
rise of temperature. The interesting observation in these
data was that a variance of as little as 2°C from 37°C
could affect the rate of hydrolysis for about 25-30%
[26]. This adverse finding in relation to the results by
Lapointe et al. may be explained by the difference in
incubation time.

In addition to the temperature, it should be taken
into account that the pH of the incubating solution is not
a less important factor that can affect hydrolysis rate of
the tested AB suture. However, the whole experimental
model in the research conducted by Lapointe et al.
would have different results if it was implemented under
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in vivo conditions [5], and therefore this is one of the
main limitations of this study. Thus, these data must be
interpreted with caution. Also, in an investigation by
Pietzark et al. all animal testing needs to be interpreted
with caution because most of them have a body temper-
ature 1-3°C greater than that of humans [26]. It may be
that these variations in body temperature may contribute
to faster tensile strength loss in animals. More research
is required to determine the efficacy of chemotherapy
and heat on the tensile strength of suture materials.

One should bear in mind that this part of the review
is based on a small amount of the published data. Fur-
ther studies need to be carried out in order to validate
these adverse findings and determine a definitive state-
ment on the effect of chemotherapy and heat on the
tensile strength of suture materials.

Sutures and infection

Although not the primary goal of this review, the influ-
ence of bacterial accumulation and infection on the
biomechanical features of surgical sutures should be
mentioned. It is now well known that surgical sutures
may serve as a favorable substrate for bacterial coloni-
zation and growth [31]. This bacterial colonization in-
duces a hypoxic environment and inhibits the activity of
fibroblasts and granulocytes, thus leading to the im-
paired host-defense response. This is followed by the
creation of biofilm consisting of bacteria encapsulated
within a self-produced extracellular polymeric matrix
composed of polysaccharides, proteins and nucleic acids
which serves as a self-protection for bacteria [32, 33].
Susceptibility of suture materials for bacterial adherence
depends on their biomechanical and chemical features.
For example, it is widely accepted that braided sutures
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