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Abstract Sutures are used not only for wound closure but also for oriental medicine field, beauty and even for
plastic surgery. Especially, it is popular in the field of cosmetic surgery. In this paper, we produced sutures using
PCL and PLLA with better strength than PDO sutures, which was widely used in the past. To learn about the
mechanical characteristics of the PCL and PLLA sutures, the contraction change, tensile strength, and elongation were
measured. And SEM was also analyzed for diameter and surface. The contraction change Ratio of sutures are
stabilized after a certain period of time regardless of temperature. Also, it can be seen that the higher the temperature,
the higher the contraction increase rate. And the rate change of mechanical properties is different according to the
temperature before and after the glass temperature. Also the higher the temperature, the faster the molecular motion
and the lower the tensile strength. The diameter of the PLLA and PCL sutures is opposite to the contraction change
ratio. And it is considered that the sterilization temperature of PLLA sutures is best to set at 45 °C and the
sterilization temperature of PCL sutures is best to set at 35 °C.
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1. Introduction sutured after the surgical site[1]. In general, sutures can
be divided into absorbable sutures and non-absorbable
Sutures are an essential part of surgery which are  sutures depending on the bio-absorbability of the

with human history. Sutures are disinfected fibers that sutures. The non-absorbable sutures are not

are applied within the human body while the tissue is decomposed in the human body and are present in the
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tissue as a foreign substances during the wound healing
process. The absorbable sutures can be divided into a
natural polymer system and a synthetic polymer system
depending on the materials[2,3]. Although natural
polymeric materials are used widely, such as catgut,
cellulose, and collagen, they have been widely used but
have lower tissue reactivity and infection rate than
synthetic polymeric suture materials, but have poor
degradation rate, breaking strength, knot tensile
strength and strength retention rate in vivo. So the
synthetic polymeric sutures are expected to be used
more[4,5]. The most commonly used materials are
(PDO), (PGA),
Polylactide (PLA), and their copolyesters, such as Poly
(lactide-co-glycolide) (PLGA). They have been noticed

as sutures because of their biocompatibility, stability

Polydioxanone Ployglycolide

and biodegradability as well as proper mechanical
properties[6-8].

According to the development of modern social
technologies and industries, human life is seeking
happiness. So sutures are now not only used for simple
bonding, but also for oriental medicine, beauty and
even plastic surgery. Especially diet and pain relief
needle in the oriental medicine field and lifting in the
cosmetic surgery area are popular. PDO sutures which
are widely used in the past is developed for skin
closure, and also have a high strength at the beginning,
but they are not suited for improvement of wrinkles or
lifting due to rapid degradation in the body. Recently,
Poly (L-lactic acid) (PLLA) and Polycaprolactone
(PCL) sutures have been developed to overcome this
problem[9,10].

PLLA is a biocompatible material that is widely
used because of its biological properties such as
biocompatibility and biodegradability. It is known that
PLLA has low mechanical strength, low flexibility and
long degradation period and is not used as a suture.
However, clinical effects on the formation of
collagen-type treatments based on PLLA have been
known recently[10,11].

Polycaprolactone (PCL) is a biomaterial that is
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approved by FDA and has low melting point, low
strength, but it has a high flexibility, non-toxic to
living body and high tissue-friendly, and it is widely
used in the field of tissue regeneration.[12,13]. PCL
structure also allows for blending with other
high-polymer as hydrophobic and hydrophilic units
exist together. Therefore, PCL is useful as a lifting
suture, stapler and drug carrier[14,15].

PLLA sutures and PCL sutures are popular, but they
are sensitive to water and temperature, so they are very
demanding in storage conditions. Storage conditions
are difficult because poor storage can cause distortion
and hydrolysis. Therefore, in this study, we measured
the contraction change, tensile strength, and elongation
rate of the sutures according to the sterilization
temperature to observe the mechanical characteristics
of the PLLA and PCL sutures. And SEM analysis was
performed to examine the surface characteristics of the

PLLA and PCL sutures.

2. Materials and Methods

Poly (L-Lactic acid) (PLLA) were purchased from
Purac and were manufactured by an extruder. The
suture was prepared with a diameter of 0.5 to 1lmm, an
input speed of 25 mm/min, the temperature of extruder
is set at 170 °C, and a take-up speed is set at 70
M/min. Then kept them for 10 minutes in the nitrogen
atmosphere and finally PLLA sutures were obtained.

Polycaprolactone(PCL) were purchased from Purac
and were manufactured from a self-made extruder. The
sutures were prepared with a diameter of 0.5 to 1mm,
an input speed of 25 mm/min, an extruder temperature
of 80 °C, and a take-up speed of 70 M/min. Then kept
them for 10 minutes in the nitrogen atmosphere and
finally PLLA sutures were obtained.

The obtained sutures were dried for 12 hours in a
dryer. The sutures were cut to 1000mm and the
specimens were prepared. Five specimens of PLLA

sutures were taken out after a certain period of time at
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Fig. 1. The Contraction change ratio of PCL sutures at
35 °C, 45 °C and 55 °C.

45 °C, 60 °C, 80 °C and 100 °C. Respectively, the
contraction change, tensile strength, and elongation rate
of sutures were measured. The specimens of PCL
sutures were taken out after a certain period of time at
35 °C, 45 °C and 55 °C. Respectively, the contraction
change, tensile strength, and elongation rate of sutures

were measured.

3. Results

3.1 The contraction change of sutures

3.1.1 The contraction change of PCL sutures

Fig. 1 shows that the contraction change of PCL
sutures at 35 °C, 45 °C and 55 °C. As shown in the
figure, the contraction change of PCL sutures at 35
°C, 45 °C and 55 °C rapidly increases from the
beginning, and the contraction change does not
increase any more after a certain period of time. It was
seen that the contraction change was stabilized at 35
°C for 180 minutes, 45 °C for 150 minutes, and 55 °C
for 120 minutes. The contraction change of the sutures
are stabilized after a certain period of time regardless
of temperature. Also, it can be confirmed that the
higher temperature, the higher the contraction change

ratio and the shorter the stabilization time.
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Fig. 2. The Contraction change ratio of PLLA

sutures at 45 °C, 60 °C, 80 °C and 100 °C.

3.1.2 The contraction change of PLLA sutures

Fig. 2 shows that the contraction change of PLLA
sutures at 45 °C, 60 °C, 80 °C and 100 °C. As shown
in the figure, the contraction change at 45 °C and 60
°C, was stabilized at 120 minutes and 60 minutes
respectively, thereafter, there is almost no change in
the contraction change. The contraction change was
greatly increased to 20 minutes at 80 °C and to 10
minutes at 100 °C, and then stabilized. It can also be
seen that the rate of change at 80 °C and 100 °C more
than at 45 °C and 60 °C.
1 and fig. 2, the higher the

temperature, the faster the contraction change ratio, the

As seen in fig.

higher the contraction increase rate. This confirmed
that the setting temperature as low as possible when
sterilize the sutures . And when the sterilization
temperature was setting at 45 °C, the contraction
change ratio of the sutures can be found to be in the
3% to 5%. The data from the experimental results
published by Ahn Seon-eun showed that the injection
20% the
injection-type process[16]. It can be confirmed that
the higher the

temperature, the higher the contraction change ratio.

temperature also appears within in

although the processes are ditterent,



FEAe71Ee 8] =g A Al9d Al2E, 2018

es Qo

2

—

=

o o]

m 0

=

=

=

o

=

2

N

[*]

-+

=

g

9- O:PCL

= -

3 O:PLLA
/T(K)

Fig. 3. The Contraction change ratio of PCL and
PLLA sutures at 45 °C.
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. 4. The tensile strength of PCL sutures at 35 °C,
45 °C and 55 °C.
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3.1.3 The contraction change of sutures at 45 °C
Fig. 3 that the curves of contraction
characteristics of PLLA and PCL sutures at 45 °C. As

shows

shown in the figure, the contraction strength of PLLA
and PCL sutures as a function of sterilization time at
45 °C. The contraction strength of PLLA was 24.39 N
and the contraction strength of PCL was 14.62 N.
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. 5. The tensile strength of PLLA sutures at 45 °C,
60 °C and 100 °C.
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k=A*exp(-F/RT), (1)
Ink=InA-F/RT, )
Where A is a constant and R is a universal constant.
And T is the sterilization temperature, F is the

contraction strength.

3.2 The tensile strength of sutures

3.2.1 The tensile strength of PCL sutures

Fig. 4 is the change of tensile strength of PCL
sutures according to the sterilization temperature. As
shown in Fig. 4, it can be seen that the tensile strength
greatly increases at 35 °C, 45 °C and 55 °C within 2
hours, and after 2 hours the tensile strength almost
have no change. The tensile strength at 35 °C is
maintained at approximately 36 kgf/mm? and the
tensile strength at 45 °C is maintained at 32 kgf/mm?
and at 55 °C is 29 kgf/mm?. Unlike Fig. 1 and Fig. 2,
tensile strength is found to be lower at higher
temperatures. It is considered that the higher the
temperature, the faster the molecular motion and the

lower the tensile strength[17].

3.2.2 The tensile strength of PLLA sutures
Fig. 5 is the change of tensile strength of PLLA

sutures according to the sterilization temperature. As
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Fig. 6. The Elongation Ratio of PCL sutures at 35°C,
45°C and 55°C.
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Fig. 7. The Elongation Ratio of PLLA sutures at 45
°C, 60 °C, 80 °C and 100 °C.

shown in the figure, the tensile strength decreases at 45
°C, 60 °C and 100 °C at first and then increases. It is
considered that the tensile strength is influenced by the
degree of orientation of the PLLA. And the result same
as the data from the experimental results published by
W. B. Qin showed that when the degree of orientation
and the crystallinity is increased after a certain period
of time, the change of tensile strength of PLLA sutures

also is on the increase[17].

3.3 The elongation ratio of sutures

3.3.1 The elongation ratio of PCL sutures

Fig. 6 is the change of elongation ratio of PCL
sutures with the sterilization temperature. It stabilizes at
35 °C for 6 hours, at 45 °C for 4 hours, and at 55 °C
for 2 hours as shown in Fig. 2. It can be seen that the
higher the temperature, the greater the elongation ratio
and the faster the stabilization. The rate of change with
temperature did not show much like Fig. 1. It can be
confirmed that the elongation stays stable at about 67%
to 69%.

3.3.2 The elongation ratio of PLLA sutures

Fig. 7 is the change of elongation ratio of PLLA
sutures according to the sterilization temperature. As
shown in the figure, the elongation ratio of PLLA
sutures at 45 °C and 60 °C is decreased first and then
increased. On the other hand, the elongation ratio at 80
°C and 100 °C is increased, stabilized, and then
increased again. These results show that the mechanical
characteristics of the PLLA sutures will change while
the sterilization temperature over the glass transition
temperature. So the sterilization temperature of sutures

is best to set blow the glass transition temperature.
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Fig. 8. The SEM image of PCL and PLLA sutures
at 45 °C.
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3.4 The section characteristics of sutures
Fig. 8 is an SEM analysis image of PLLA and PCL
sutures at 45 °C with raw data and after 10 hours. As

shown in the figure, the diameter increases after 10

hours of PLLA sutures and PCL suture. It can be seen

that the diameter of the sutures is opposite to the

contraction change ratio of the sutures.

4, Conclusion

The following conclusions can be obtained from

experiments on the characteristics of PCL and PLLA

sutures according to the sterilization temperature.

0

The contraction change ratio of PLLA and PCL
sutures stabilizes after a certain period of time
regardless of temperature. Also, it can be seen
that the higher the temperature, the higher the
contraction change ratio and the shorter the
stabilization time. the contraction

change rate of PLLA suture is faster When the

However,

sterilization temperature is higher than the glass

transition temperature.

(2) The tensile strength of PCL sutures is decreases

(€)

)

®)

with increasing temperature, which is considered
to be due to the low PCL glass transition
temperature. On the other hand, the tensile
strength of the PLLA sutures is decreased and
then increased. It is considered that the tensile
the of

orientation and thermal motion of the sutures.

strength is influenced by degree
It can be confirmed that the elongation ratio of
the PCL and PLLA sutures is opposite to the
contraction change ratio. However, the tensile
strength results are different.

The diameter of the PLLA and PCL sutures is
opposite to the contraction change ratio.
According to all the analysis results, it is
considered that the sterilization temperature of
PLLA sutures is best to set at 45 °C and the

sterilization temperature of PCL sutures is best
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to set at 35 °C. After sterilization, the suture
contraction change ratio is going to be in 3 ~
5%.
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