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Abstract

The article reviews the recent research trends in textile sutures. Attempt has been made to predict the braiding parameters that
can lead to sutures with optimal mechanical performances for specific surgical intervention. The braiding parameters include yarn
count and machine settings. Effects of yarn characteristics and machine parameters on a polyamide braid mechanical property have
also been studied. Drug loaded PLA suture has been one most potential surgery material to help wounds healing. The loaded drug
amounts and sustained drug release effect were a vital part for PLA suture. In this research drug-loaded microspheres and finishing
bath were prepared to ensure more drug particles loaded on PLA suture. Moreover, sustained drug release effect and mechanical
properties of PLA suture were also observed.
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Introduction

In surgeries involving ligaments, stents, nerves and
sutures, braided sutures are usually used [1,2]. Owing to their
outstanding flexibility, knot stability and handling properties,
braided multifilament sutures are commonly used compared to
monofilaments [3,4]. Braided suture manufacturing process is
described in literature, but the available data describes only some
steps of this process [5-7]. During the past few year’s sutures made
from polylacticacid fibers has gained importance in surgeries owing
to their striking properties like biocompatibility, biodegradability,
and harmlessness. PLA sutures could degrade automatically and be
assimilated by body along with wound healing, so itis not necessary
to take the stitches out, which made the patients escape from the
pain of removing stitches secondary [8-10]. Therefore, PLA sutures
were especially suitable for operations towards internal organs
and some special positions and occasions, such as episiotomy,
circumcision, infant skin closure, as well as infected or polluted

wound surfaces [11-13].

Studies on Mechanical Performances of Braided
Polyamide Sutures

The information relating to production factors of braided
suture is scanty. This is more particularly so regarding the
production factors on tensile properties of suture. A circular
braiding machine is used to produce braided sutures. Today’s
braiding machines still employ the principles of earlier machines.
Each sheet yarn is individually controlled by carriers of bobbin that
moves along a predetermined path causing yarns interlacement
and form braid structure [5,14]. The different interlacing patterns
are accomplished by varying the motions of the carriers. There are
three of typical tubular braided patterns, viz. diamond, regular and
Hercules [15]. Regular tubular braid is normally selected so as to
get suture having very small diameters and smooth surface. The
geometry of a braided suture is linked to many variables, including
braid angle, diameter, and pick count. Braid angle is defined as half

of the angle between the interlacing yarns in the vertical direction.
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It is the most important parameter that determines the cover factor
of braided structure. A low carrier speed with high take up speed
generates loose braided structures with low braiding angles and,
consequently, low cover factor. But high carrier speed and low take
up speed give closely packed braided structures having higher
braiding angles and better cover factors [16,17].

Despite braiding being a conventional technique in manufacture
of sutures, a good deal of efforts has been taken for enhancement
of the braided suture properties. Indeed, many sutures exhibit
failure after implantation. Helical braided sutures have been
developed [14]. These sutures are formed by yarns that intersect
inside the braid and are parallel to longitudinal axis of braid. It has
been observed that these sutures reveal minimal friction when
they penetrate through wound tissue. Suture knot security is also
improved in the case of these structures. But, sutures commercially
available are still being produced in conventional braiding machine.
Owing to technological constraint of helical braiding machine the
production of suture having required diameters has not been
possible. Other initiatives have focused on producing sutures
using tubular braids by varying braiding conditions, such as sheets
yarn number, yarn count of sheet yarns and cabled core. Intervals
of these various parameters that permit to obtain braids having
acceptable strength and surface roughness have been established.
It has been observed that smoother surface is obtained by using
maximum possible number of filaments and sheet yarns. In fact,
filaments with very small diameters that allow the use of a high
number of sheet yarns and to obtain compact suture surface have
been used. The influence of braiding parameters on some suture
performances, such as tensile strength and knot pull strength have
been investigated [18]. Available data is limited to few analyses on
effect of manufacturing conditions. However, there is no available
research showing how to establish relation between manufacturing
parameters and suture properties.

In a work, tensile analytical model of braided sutures has been
developed in order to predict stress-strain behavior of braided
sutures based on braid geometry, braid kinematics, and constituent
monofilament properties. The model has accounted for the changes
in the braid geometry, including braid angle, diameter, and Poisson’s
ratio. However, proposed model is limited to tensile strength
property and did not consider effect of manufacturing conditions. It
has therefore been aimed to develop braided sutures by varying the
manufacturing parameters, such as yarn count, take up speed and
type of braiding machine and to study the effect of these parameters
on suture mechanical properties [19]. Prediction models for the
mechanical properties are also developed using linear regression
method. Finally, an optimization of these parameters is performed
by referring to preferred properties reported in literature and
meeting the requirements of the US pharmacopeia for diameter
and tensile strength. The main objective of the investigation is
to understand the effect of yarn characteristics (yarn count)

and machine parameter (CR, sheet yarn number) on the braid
mechanical properties (tensile strength, ultimate tensile strength,
extension at break, Youngs modulus and FCD mean). Several braids
have been manufactured from different yarns in order to be used
as PA 6-6 suture. It is found that the yarn count and sheet yarn
number are most significant parameters. Linear regression model
is used in order to predict mechanical properties as function of
manufacturing conditions. Simultaneous surface plots are then
generated in order to optimize mechanical properties of suture.
Finally, the conditions permitting to produce optimal sutures
having properties which meet the USP requirements related to
tensile strength and diameters and better performances than those

of marketed sutures have been identified.

Properties of Poly (Lactic Acid) (PLA) Suture
Loaded with PLA Microspheres Enclosed Drugs

In aspect of drug using approaches, to avoid infection or
rejection, or to relieve pain or inflammation, oral administration
was usually adopted to deliver medicines to the whole body, but
this might cause side effects to other organs [20-22]. So, loading
specific drugs onto sutures was one direct and efficient targeted
drug delivery system for the wound [21-23]. In view of the
remarkable properties of PLA and the prominent advantages of
drug-loaded sutures, the drug loaded PLA suture had received
considerable attention in surgery fields, since appropriate drug
loading approach was crucial to make PLA suture work more
efficiently during wounds healing [24-26]. Until now diverse drug-
loaded ways for PLA suture had been investigated and there were

mainly the following:

a) The drug could be loaded onto PLA fiber (suture) in
the spinning process. Aspirin has been directly added to PLA
nanofibers and then prepared drug-loaded PLA sutures by
electrospinning method [27]. Such drug-loaded method made
the drug release slowly and be assimilated fully along with
fiber degradation [28-30]. But drug particles might affect the
mechanical properties of PLA fiber and the amount of drug

loaded was limited too.

b) The drug could also be absorbed or grafted onto the
surface of the fiber. 5- Fu was made to absorb on the surface
of PLA fiber and further process of drug release has been
discussed [28]. This drug-loaded method by absorption or
grafting had little influence on the mechanical properties of PLA
fiber, but the amount of loaded drug is limited [29-31]. What
was more, the drug release rate was high, which caused drug
maldistribution and drug release cycle was relatively short.

c¢) In addition, the drug could be loaded via the coating of
fibers (suture). Triclosan has been put into the coating of
suture to reduce the surgical infection of coronary artery
[32]. The advantage of such drug loaded way was that the
loaded drug amounts were big and the fibers (suture) would
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not be destroyed. However, the coating usually made fibers
stiffer, which is that the flexibility of suture decreased [33-35].
Moreover, the drug loaded on the coating of suture generally
released unevenly and its release cycle was short too.

d) Besides, drugs could be stuffed into the gaps of yarns
with multifilament’s or multistrands. immersed the suture in

specific drug solution to achieve a drug-loaded effect [36].

This drug-loaded way maintained the mechanical properties
of PLA suture and the loaded drug amounts were also relatively
big, but its downside was that the drug particles easily dissociated
from the suture, which caused drug releasing rapidly [37,38].
Considering the defects mentioned above, one new drug loaded
mode for PLA suture was designed, as illustrated in Figure 1. Firstly,
the PLA microspheres enclosed drugs (PM-Ds), with big drug-
loaded amount and sustained drug release effect, were prepared by
emulsification-solvent evaporation method. And following, these
microspheres were further loaded on the yarns of PLA suture which
was spun by single- or multi-bundles by dip-padding method. Then,
PLA drug-loaded microspheres/PLA suture (PM-Ds/PLA) was
prepared. By this drug-loaded approach, the amount of loaded drug
was big, and the cycle of drug release was long [39-45].

Moreover, these PM-Ds would not impair the mechanical
properties of PLA suture and especially its toughness and flexibility
were maintained. The designed drug-loaded method for PLA suture
notonly increased the loaded drug amounts but also achieved drug-
controlled release. In this research, the preparation technology of
PM-Ds was optimized, and three parameters, the concentration
of PLA, the dosage of emulsifier and the total dosage of drug and
emulsifier, were analyzed to explore their effect on the structure and
performances of PM-Ds. Moreover, the effect of two parameters, the
ratio of agglutinant to microsphere and concentration of finishing
bath, on the loaded amounts of PM-Ds were also observed. And
then, the drug-release properties and morphology of PM-Ds/PLA
suture were further investigated.

This research had successfully prepared the PLA drug loaded
microspheres and its optimal technique was that PLA concentration
was 0.03 g/mL, the amount of emulsifier was 0.3 g, and the total
amounts of drug and emulsifier was 3g. The size of PM-D prepared
by optimal technique was small and smooth [46]. The finishing
bath was used to make more PM-Ds loaded on PLA suture and its
appropriate technique was that the ratio of adhesive to PM-Ds was
55%, concentration of finishing bath was 8%. SEM images showed
that a great number of microspheres loaded in the gaps of PLA
suture. The drug release period had reached 8 days and achieved
an excellent sustained drug release effect. Moreover, the flexibility
and strength of PLA suture were also maintained after disposal.

Conclusion

The braiding parameters of braided polyamide sutures have
been predicted for optimal mechanical performances in the case

of specific surgical intervention. In considering the mechanical
performance yarn count and sheet yarn number have proved to
be the most significant factors. Predictive models of the suture
mechanical responses based on yarn characteristics and machine
parameters have been developed and it shows very significant
level. Using simultaneous contours plots, manufacturing conditions
permitting to obtain optimal mechanical properties meeting
the requirements of the US Pharmacopeia for the diameter and
tensile strength are determined for sutures having USP number
from 3-0 to 2. Drug-loaded microspheres and finishing bath were
prepared to ensure more drug particles loaded on PLA suture.
Moreover, sustained drug release effect and mechanical properties
of PLA suture were also observed. The results suggested that PLA
concentration and emulsifier amounts had more effect on the size
of PLA drug-loaded microspheres and the optimal technology was:
0.03 g/mL of PLA concentration, 0.3 g of amount of emulsifier and
the total amount of drug and emulsifier was 3g. Moreover, drug
release test showed a significant sustained release effect of the
drug-loaded PLA suture. Mechanical measurements indicated the
flexibility and strength were not impaired by such drug-loaded
method. This research is expected to benefit the surgery fields
further.
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