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REZUMAT. Firele de sutură sunt utilizate pentru închiderea rănilor, iar selecţia lor se bazează pe 
biocompatibilitatea lor, interacţiunea biologică cu rana specifică şi performanţa mecanică in vivo și in vitro.  
Au fost analizate două categorii de fire de sutură, neresorbabile, obţinute din in şi resorbabile, realizate din 
acid poliglicolic (PGA). Determinările au fost efectuate eşalonat, pe o perioadă de 80 de zile, urmărindu-se 
modul cum variază caracteristicile fizico-mecanice în timp, pentru firul de sutură resorbabil din PGA, menţinut 
în aer. Experimentările au fost realizate pentru firele de sutură chirurgicală cu mărimea USP 3/0 (United 
States Pharmacopoeia), în vederea determinării performanţelor tensionale ale firelor de sutură, precum şi 
forţa de rupere la nod. 

Cuvinte cheie: fire de sutură resorbabile, acid poliglicolic, fire de sutură neresorbabile, in, caracteristici fizico-
mecanice.  

ABSTRACT. Sutures are threads used for closing wounds, and their selection is based on their biocompatibility, 
biological interaction with the wound and mechanical performance in vivo and in vitro. Two categories of 
sutures were analyzed, non-absorbable sutures from flax and absorbable sutures from polyglycolic acid (PGA). 
The determinations were carried out in a staggered manner over a period of 80 days, following the way the 
physico-mechanical characteristics vary over time, for the PGA absorbable suture thread, maintained in the 
air. Experiments were conducted mainly for United States Pharmacopoeia (USP) size 3/0 surgical sutures, to 
determine the tensile performance of surgical sutures, as well as the knot strength. 

Keywords: absorbable sutures, polyglycolic acid, non-absorbable sutures, flax, physico-mechanical characteristics. 

1. INTRODUCTION 

Sutures are mainly used to join edges and tissue 
surfaces, to stop blood flow, and to facilitate wound 
healing by reducing the space between tissue 
surfaces in a wound and to give stability. 

Sutures are designed to meet a multitude of 
requirements: 

− Smoothness - the suture should cause minimal 
dragging of the delicate tissue from the newly 
healed wound without damaging it during the 
removal. 

− Suture manipulation should be as easy as 
possible - minimal shape memory and 
excellent suture knot security are essential for 
optimal tissue healing. 

− Maximum tensile strength. 
− The suture must be able to withstand bacterial 

infections.  
− The suture should cause minimal tissue 

reaction. 
− Low capillary - an ideal suture should not 

have the effect of water absorption.  

− An ideal suture must have consistent and 
predictable performance as well as cost 
effectiveness [1]. 

Selection of surgical suture material for a specific 
surgical intervention should be based on its 
biocompatibility, biological interaction with the 
specific wound, its mechanical performance (in vivo 
and in vitro), lack of internal capillary, the effect on 
the wound. 

Non-absorbable sutures are not destroyed and 
must be removed by a surgeon after healing of the 
patient's surface incision. These types of sutures are 
best for body tissues that need to heal more slowly 
because they degrade harder. Non-absorbable 
sutures include flax, cotton, silk, polyester, stainless 
steel, polypropylene, polyethylene or polyamide. 

An absorbable suture decomposes into the 
patient's body within a few days and degrades as the 
wound or incision heals. Absorbable sutures are 
generally used internally or on parts of the body that 
heal faster. Absorbent sutures are made from 
synthetic polymers or collagen. Organic sutures are 
damaged by enzymatic processes, while synthetic 
sutures are damaged by hydrolysis [1, 2, 3]. 
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The United States Pharmacopeia (USP) and the 
British Pharmacopoeia have formulated a set of 
definitions and standards that provide benchmarks 
for suture testing and suture quality requirements. 
According to USP, a suture must meet the standard 
limits of the suture length, size (diameter), breaking 
strength of knotted suture and needle attachment 
force. 

A reliable method for knot security testing was 
developed and endoscopically bound knots were 
studied with a tensiometer that used a computerized 
algorithm to develop a knot quality index. Many 
other researchers have used tensiometer to study the 
forces of disruption of surgical knots [1, 4, 5, 6]. The 
security of the knot depends on the chemical 
composition of the suture, knotting techniques, 
friction coefficient, compressibility, rigidity, etc. In 
general, uncoated sutures have a greater knot 
security than those coated. 

Several critical physical parameters, such as 
elasticity, plasticity, memory and capillary, can have 
a significant influence on the final suture per-
formance. The tensile strength of a suture is one of 
its fundamental mechanical characteristics. The 
stitch breaking force should ideally match the 
resistance of tissues in vivo. 

The ability to knot a suture cannot be evaluated 
by any parameter, as it depends on a variety of 
handling features such as foldability or flexibility 
(ease of stitching), smoothing, friction coefficient, 
memory and knot security. The knotting capacity 
improves as rigidity decreases. Rigid sutures need 
larger loops and are therefore more difficult to knot. 

The chemical composition of the suture material 
should be selected so as not to cause toxicity in the 
body after biodegradation. Materials must not 
produce adverse local or systemic effects or be 
carcinogenic, either directly or by releasing their 
material constituents. Any suture is a "foreign" 
material implanted into human tissue; therefore, 
there is always a chance to cause immune inflam-
matory reactions to the suture. Inflammation may 
occur depending on the chemical ingredients of the 
suture material and its physical configuration. 

The adhesion of tissues to the suture surface is 
another frequently reported complication and 
therefore a source of major concern. Post-surgical 
adhesions have been shown to extend either from 
sutures or from their direct surroundings. During the 
wound healing process, cells can grow inside the 
interweaving of the woven structures. Such deep 
tissue growth can cause a major problem during 
suture removal and can cause new tissue damage to 
healing. The suture composition and configuration, 
as well as the length of the cut suture, may affect 
adhesion [1, 7]. 

Due to the occurrence of laparoscopic surgery or 
minimally invasive surgical approaches, a major 
challenge for physicians is how to make a suture in a 
closed space during surgical interventions at internal 
organs. Attempts are being made to develop sutures 
of shape-memory polymeric materials which should 
have the ability to take multiple forms according to 
specific stimuli such as body temperature, pH of 
tissue fluid, ionic tissue concentrations, etc. 

The permanent shape of such shape memory 
sutures may be substantially different from their 
original temporary form. After insertion into the 
body, a complex mechanical deformation could be 
performed automatically, instead of manually, by the 
surgeon. The multicomponent oligo (e-caprolactone) 
diol coupled with 2,2 (4), 4-trimethylhexane-
diisocyanate was used to develop smart sutures, 
demonstrating the feasibility of the concept [1,8]. 

Chemists in the field of polymers are still looking 
for new materials to develop "ideal" sutures. By 
using recombinant DNA technology and living 
organisms such as bacteria can be made chemicals 
that would be difficult to perform according to 
standard industrial methods. 

In the last decade, clinicians have tried to mini-
mize tissue damage and achieve better anchorage 
using jagged architectures [1]. Bidirectional in-
dentations were introduced using micro-processing 
techniques in a spiral pattern along the circum-
ference of the suture of the monofilament. A surgical 
suture based on polidioxanone is able to anchor in 
the tissue without the need for a suture knot, due to 
the thorns present on its surface. 

One of the absorbable synthetic sutures is made 
from polyglycolic acid. A suture based on poly-
glycolic acid is generally not recommended for the 
skin because it is absorbed by hydrolysis. The 
filaments of polyglycolic acid (a compound of a 
homopolymer of glycolic acid) are biodegradable 
and have good tensile strength properties.  

A method of producing the filament implies that 
the polyglycolic acid resin, with a content of less 
than 0.5 wt. % residual monomer, is spun from the 
melt, quenched in a bath at a temperature not 
exceeding 10° C, stretched in a bath with a 
temperature between 60-83° C, so as to result in a 
polyglycolic acid filament having a tensile strength 
of at least 750 MPa and a knot resistance of at least 
600 MPa [9].  

Polyglycolic acid (PGA) was melt-spun in a 35 
mm diameter extruder and a single-layered nozzle, 
at an extruder temperature of 260°C and a nozzle 
temperature of 230°C, was then introduced into a 
water bath at 5°C for cooling after passing through a 
6.5 cm air gap for quenching, being processed at a 
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rate of 4,5 m/min. Next, the filament was introduced 
into a glycerin bath heated to 80°C, it was stretched, 
resulting in a 6 times thinner monofilament of 0.26 
mm in diameter [9].  

The sutures are sized according to a system 
developed by United States Pharmacopoeia (USP) 
and are numbered on two scales depending on the 
size of the suture, respectively whether the suture is 
large or small: 

I. A system for larger sutures, from 5 (thickest) 
to 0 (the thinnest). Size 5 has a diameter of 
maximum 1.09 mm. Dimension 0 has a 
minimum diameter of 0.30 mm and a 
maximum diameter of 0.39 mm.  

II. A system for sutures less than 0, from 1/0 
(thickest) to 11/0 (the thinnest). The size 8/0 
has a diameter between 0.05 and 0.069 mm. 

Sutures with 2 USP size and above are used for 
interventions such as abdominal repair, sutures of 2/0 
to 5/0 USP size are used for stitching the skin, while 
smaller sutures up to 11/0 USP size are used to repair 
the fine blood vessels and in microsurgery [1].  

The European Pharmacopoeia (EP) decimal 
classification is used as the standard for defining the 
thread gauge (from 0.1 to 10). For example, a decimal 
2 corresponds to a thread of 0.20-0.29 mm in diameter. 

In Figure 1 it can be seen how the breaking force 
varies according to suture size, in the case of a 
polyglycolic acid thread [10]. 

 

 
 

Fig. 1. The breaking force variation according to suture size, in 
the case of a polyglycolic acid thread. 

 

 
 

Fig. 2. The variation in time of the breaking force of the sutures 
of polyglycolic acid in biological tissue. 

Figure 2 shows a decrease in the breaking 
strength of the polyglycolic acid thread over time 

due to hydrolysis occurring in the biological environ-
ment [10]. It can be seen that after 31 and a half days 
the PGA thread completely loses its resistance, so it is 
no longer able to maintain the tissue layers united if 
they have not completely healed. 

 

 
 

Fig. 3. The absorption in time of polyglycolic acid sutures in 
biological tissue. 

 
According to Figure 3, within 91 days (13 weeks), 

PGA threads are completely absorbed by the human 
body [10]. 

2. MATERIALS AND METHODS 

Two categories of polyglycolic acid (PGA) 
absorbable sutures and 100% flax non-absorbable 
sutures, both of the same size 3/0, were analyzed. 
These wires were subjected to traction on the 
electronic dynamometer Tinius Olsen model HK5T, 
a dynamometer that allowed the recording of the 
effort - elongation curves. The distance between the 
clamps of the dynamometer was set to 250 mm. 

For the PGA absorbable suture thread, the deter-
minations were carried out in a staggered manner over 
a period of 80 days, following the way the physic-
mechanical characteristics vary over time. It is known 
that the absorbable PGA fiber degrades over time by 
hydrolysis, but when kept in the atmosphere for a 
longer period due to air humidity, the physic-mecha-
nical characteristics of the yarn may undergo changes 
over time. The experiments aimed at highlighting 
whether the absorbent sutures are influenced by the 
length of time they are kept in the air, at a temperature 
of 20 ± 3 ºC and a relative humidity of 65 ± 5%. 

3. RESULTS AND DISCUSSIONS 

According to figure 4, the variance of the 
breaking force is small; the tensional properties of 
the PGA absorbable suture thread are not visibly 
impaired during the 80 days of experiment. It can be 
seen the slight tendency of decreasing over time 
from a value of approximately 38.5 N to 36 N. 



MECHANICAL PROPERTIES OF FLAX AND POLYGLYCOLIC ACID SURGICAL SUTURES 

 

Buletinul AGIR nr. 1/2018 ● ianuarie-martie 131

 
 

Fig. 4. Trend line of the breaking strength variation in time, for 
absorbable PGA sutures. 

 
According to Figure 5, the elongation at break 

does not undergo any essential changes. Approxi-
mately until half of the analyzed time interval is 
observed a slight increase in yarn elongation from 
29% to 32%, followed by a slow decrease until the 
end of the 80 days. 

 

 
 

Fig. 5. Trend line of the elongation variation in time, for 
absorbable PGA sutures . 

 
During the surgery, depending on the type of 

stitch used, the suture thread is subject to important 
stress. Due to the fact that the suture thread is 
knotted several times, it is necessary to test the 
breaking strength for the knotted thread. As can be 
seen from Figure 6, over the 80 day period, the knot 
strength was not essentially modified, the values 
being close to the average value of 24.86 N. 

In Figure 7 we can see how the breaking force of 
the PGA absorbable suture thread and the knot strength 
vary over time. The curve for the thread without knot 
decreases very slightly over time, unlike the same type 
of thread, but with a knot, where more slightly 
changes are observed with the passage of time. 

This may be due to the effects of structural 
changes during deformation in the non-crystalline 
and crystalline domains of the yarns. These changes 
are highlighted by the aspect of the effort-elongation 
curve, figure 8. Thus, the first part of the curve is 
considered to be an elastic area - specific to solids, 

where the deformations are quasi- elastic, where the 
binding molecules in the non-crystalline zones, 
which connect with the crystalline areas, are subject 
to increasing effort, causing their elongation. 

 

 
 

Fig. 6. Trend line of the breaking strength variation in time, for 
absorbable PGA knotted sutures. 

 

 
 

Fig. 7. Trend lines of the breaking strength variation in time, for 
absorbable sutures: 

˗ PGA sutures; ˗ knotted PGA sutures 
 
After their configuration and tensile state, they 

successively take up the effort so that a series of 
links begin to bear the effort only when others break. 
In the non-crystalline areas homogenization takes 
place, which ultimately leads to a uniform 
application of the molecular bonds that have the 
same configuration and bear the same tension. 

The second part of the curve summed up the 
demanding of the still intact binding molecules, 
which are oriented. In addition, the positioning of 
the molecules is associated with the orientation of 
the crystalline domains. The size of this part depends 
on the mobility or stiffness of the chemical 
structures of the yarns. The second part of the curve 
is characterized by a large deformation at relatively 
small forces, which is also called the flow area.  

The third part is characterized by accelerated 
breakdown phenomena, finalized with yarn breakage. 
In the third part irreversible sliding processes occur and 
occur both between crystalline and non-crystalline 
areas and between interfibrillation binding molecules. 
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Fig. 8. The effort-elongation curve for the polyglycolic acid 
thread. 

 
Parameters specific to the stress-elongation 

curves, up to the elastic limit, predominantly de-
pend on orientation, and what is above this limit 
also depends on the orientation of the crystallites 
[11, 12, 13]. 

In Figure 8 the effort-elongation curve for the 
polyglycolic acid thread can be analyzed. It can be 
seen that the limit of proportionality is reached at 
the point corresponding to the absolute elongation 
of 3 mm and the breaking force of 5 N. The flow 
area extends over a small part and the breaking 
zone has a marked slope, finalizing with thread 
breakage at the point corresponding to the absolute 
elongation of 75 mm and the breaking force of 39 
N. The thread will have a proper behavior during 
use, with no residual deformation, if subjected to 
stresses less than 8 N. 

In Figure 9 the effort-elongation curve for the 
polyglycolic acid thread kept in the air for 76 days 
can be analyzed. It can be seen that the appearance 
of the curve remains the same, the only changes 
being that the slope of the curve in the breaking area 
is slightly smaller, and the thread breakage occurs at 
values of strength and elongation different from 
those recorded in the initial case, 38.2 N and 78.8 
mm respectively.  

Figure 10 shows a comparison of the physic-
mechanical characteristics of absorbable sutures of 
PGA and non-absorbable sutures of flax of the same 
size, ESP 3/0 respectively. Flax yarn can be used for 
general surgery, cardiovascular surgery, gastrointestin-
al surgery, gynecology, and plastic surgery. The flax 
suture gains 10% of tensile strength when it is wet. It 
is also available in treated with silicone and 
polyvinyl solution [3].  

From Figure 10 it can be seen that the absorbable 
suture thread from PGA has a much higher tenacity, 
the value being of 60.29 cN/tex, compared to the 
much lower flax yarn tenacity of 28.81 cN/tex . 

The PGA thread has a 29% elongation, noticeably 
more pronounced than the elongation of the flax yarn, 
with only 1.67%. From this point of view, the linen 
thread has a better suture handling capacity. 

 

 
 

Fig. 9. The effort-elongation curve for the polyglycolic acid 
thread kept in the air for 76 days . 

 

 
 

Fig. 10. The tenacity of the absorbable suture thread of PGA and 
the tenacity of the flax yarn (ESP 3/0). 

 
The friction coefficient is a measure of the 

sliding of a suture, which affects the tendency for 
the knot to weaken after it has been tied. Flax suture 
has a higher coefficient of friction than polyglycolic 
acid thread, which leads to a safer knot. High 
friction sutures are easy to handle for knot joining. 

Selecting the best suture material for a given 
procedure is a controversial topic among surgeons. A 
material that allows a surgeon to make good the knots 
easily can become incorrigible in the hands of another, 
since he can prefer material with low friction 
coefficients because they pass through the tissues with 
a minimal pulling force and are quickly removed. 

4. CONCLUSIONS 

Two categories of polyglycolic acid (PGA) 
absorbable sutures and 100% flax non-absorbable 
sutures, both of the same size 3/0, were analyzed. 
The determinations were carried out in a staggered 
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manner over a period of 80 days, following the way 
the physico-mechanical characteristics vary over 
time for the PGA absorbable suture thread main-
tained in the air. It is known that the absorbable 
PGA fibre degrades over time by hydrolysis, but 
when kept in the atmosphere for a longer period due 
to air humidity, the physico-mechanical characte-
ristics of the yarn may undergo changes over time. 

As a result of the experiments, it can be observed 
that the tenacity of the sutures decreases very 
little, so it can be concluded that the polyglycolic 
acid suture thread can be used in optimal 
conditions, even after 80 days of it’s unsealing. 
The elongation at break increases slightly, but the 
values obtained are not so large as to lead to a 
difficult handling of the suture thread. Over the 80 
day period, the knot strength was not essentially 
modified, the values being close to the average 
value of 24.86 N. 

In vivo tests carried out on polyglycolic acid 
sutures showed that there was a decrease in the 
breaking strength of the polyglycolic acid thread 
over time due to hydrolysis in the biological 
medium. It was found that after 31 and a half days 
the PGA wire completely lost its strength, so it is no 
longer able to maintain the bonded tissue layers, and 
within 91 days (13 weeks) the PGA yarns are 
completely absorbed by the human body. 

The yarn producers are continuously studying the 
development of new technical yarns for various 
applications. As research progresses in the de-
velopment of new technical fibers, the range of 
threads produced for existing and new applications 
is expected to grow at an accelerated rate. The 
ongoing research has led to major advances in suture 
technology, with the further development of new 
suture materials. 
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