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Abstract: It is allegedly known that the thermal stability of the Mint Lift® (the Mint Lift® 17 and the
Mint Lift® Fine; HansBiomed Co., Ltd., Seoul, Korea) over time might be lower as compared with
thread-lifts processed through ultrasonic molding technology, such as the MEDI ROPE (WSM 19-03;
CNG Co., Ltd., Gyeonggi, Korea), because the Mint Lift® undergoes a thermal treatment during the
manufacturing process. We conducted this accelerated aging test to compare the thermal stability
over time between the Mint Lift® and the MEDI ROPE. Thus, we measured the degrees of strength
of the MEDI ROPE, the Mint Lift® 17, and the Mint Lift® Fine at 0,2, 3,4, 5,7, 8,9, 10, 11, 14, and
17 weeks. Between 0 and 14 weeks, the Mint Lift® 17 and the Mint Lift® Fine had significantly higher
degrees of strength as compared with the MEDI ROPE (p < 0.05). At 0, 5, and 10 weeks, the Mint Lift®
17 and the Mint Lift® Fine showed no notable differences in microscopic findings as compared with
the MEDI ROPE. At 20 weeks, however, the integrities of the Mint Lift® 17 and the Mint Lift® Fine
were better preserved as compared with the MEDI ROPE. In conclusion, our results indicate that the
Mint Lift® 17 and the Mint Lift® Fine might be less vulnerable to degradation over time as compared
with the MEDI ROPE under thermal conditions.
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1. Introduction

In the past decades, there has been a dramatic increase in the demand for non-invasive
rejuvenation procedures. According to the American Society of Plastic Surgeons (ASPS)
statistics, 15.9 million minimally-invasive aesthetic procedures were performed in 2018.
This corresponded to a 2% and 228% increase from 2017 and 2000, respectively. However,
1.8 million surgical aesthetic procedures were performed in 2018. This corresponded to a
5% decrease from 2000. Thus, there has been a tremendous growth of the market of non-
invasive aesthetic procedures as compared with surgical ones. This should be addressed
using effective, safe non-surgical aesthetic procedures [1].

The increased number of patients receiving non-invasive aesthetic procedures may be
attributable to technological advancements in the pharmaceuticals and medical devices
that are used for patients. Thus, soft tissue fillers, laser therapies, and radiofrequency-
or ultrasound-based skin tightening methods have been introduced. It would therefore
be mandatory to perform the above treatment modalities for patients who are in need
of aesthetic rejuvenation procedures, which is essential for optimizing outcomes and
minimizing complications [1].
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A thread-lifting is a minimally-invasive technique using a thread-lift; it is performed
to correct the skin laxity by improving the contours of soft tissues [2,3]. The emergence
of thread-lift has opened new era of non-surgical aesthetic procedures. To date, fillers or
other procedures controlling hyperactive facial mimetic muscles have been used for the
restoration of volume of the deflated facial areas. This is complemented by non-surgical
facial rejuvenation using a barbed thread-lift [4].A barbed suture is a special type of suture
that is used to anastomose the tissue without tying a knot [5]. It is characterized by
the presence of barbs on its surface. Conventional types of sutures are dependent on
surgeons’ technical skills in tying secure knots. However, barbed sutures serve as a knotless
alternative in some surgical settings; they are commonly used in the field of cosmetic
surgery [6].

With technological advancements in the manufacturing process and the popularity
of a barbed thread-lift in the field of aesthetic procedures, diverse types of polydioxanone
(PDO) thread-lifts have become commercially available [7-10]. Meanwhile, PDO thread-
lifts have undergone scientific evolution, leading to improvements in their physicochemical
and biomechanical properties [8,9].

Of various types of PDO thread-lifts, the Mint Lift® (HansBiomed Co., Ltd., Seoul,
Korea) deserves special attention because it was approved by the U.S. Food and Drug
Administration (US FDA) [11]. Moreover, its clinical efficacy and safety have been well
described in the literature [4,12-20].

The accelerated aging test is commonly performed to assess the stability of a medical
device, for which it accelerates the chemical or physical degradation of the device in such
conditions as severe temperature for a short period of time relative to the actual shelf-life of
the device [21]. The accelerated aging test for biomaterials has been traditionally performed
using either solvent or thermal methods. Use of solvents or solutions for the accelerated
aging test is a type of method for assessing the performance of the material once it has
been implanted; it is advantageous in predicting toxicological concerns and changes in
the properties of the material. Thermal methods have also been used for the accelerated
aging test, although they are much less accurate as compared with those using solvents or
solutions. Nevertheless, they have successfully predicted the long-term performance of the
material in assessing the shelf-life and packaging of devices [22].

It is allegedly known that the thermal stability of the Mint Lift® over time might be
lower as compared with thread-lifts processed through ultrasonic molding technology,
such as the MEDI ROPE (WSM 19-03; CNG Co., Ltd., Gyeonggi, Korea), because the Mint
Lift® undergoes a thermal treatment during the manufacturing process.

Given the above background, we conducted this accelerated aging test to compare the
thermal stability over time between the Mint Lift® and the MEDI ROPE.

2. Materials and Methods
2.1. Experimental Rationale

For the current study, the accelerated aging test was performed based on the following
rationale: first, the accelerated aging of materials refers to the accelerated variation of
their properties, particularly including those related to safety and function of the material
or package, over time. Second, the material or package were subjected to external stress
to a greater extent or more frequently as compared to normal conditions for relatively
short periods of time. Third, the accelerated aging test was performed based on the
assumption that the chemical reactions involved in the deterioration of materials followed
the Arrhenius reaction rate equation. This suggests that the rate of a chemical reaction (Qj)
is increased by twice or decreased by half when there is a 10 °C change in the temperature
of a homogeneous process. Fourth, the Q9 was determined by performing the accelerated
aging test at varying temperatures and, thereby, assessing changes in the reaction rate when
there was a 10 °C change in the temperature [23-27].
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2.2. Definitions of Test Variables

To simulate real-time aging of the sample, the accelerated aging of it is induced at an
elevated temperature (Tpa) for short periods of time [28]. For the current experiment, the
following test variables are defined, as previously described [28]:

(1) Accelerated aging factor (AAF): the estimated time to real-time changes in the physi-
cal property of the sample

(2) Accelerated aging temperature (Tsa): the elevated temperature during the acceler-
ated aging test

(3) Accelerated aging time (AAT): the length of time elapsed during the accelerated
aging test

(4) Ambient temperature (Trr): storage temperature for the sample as a measure of
storage conditions in real-time conditions.

2.3. The Accelerated Aging Conditions

The following equations define the relationships between the above variables, as
previously described [28-30]:

AAF = Qlo[(TAA — Tgrr)/10] 1)

AAT = Desired (RT)/AAF )

The estimated AAT might differ from its actual value because the Formula (1) did
not consider the treatment of samples with the phosphate buffered saline (PBS) solution.
Moreover, it is necessary to adjust temporal changes in the strength considering results
of a real-time degradation test [29,30]. Based on the Formula (2), the AAT was estimated
at 90 days/4 = 23 days at a Taa of 57.5 °C. Therefore, the accelerated aging conditions
include a temperature of 57.5 °C and a duration of 23 days.

2.4. Experimental Materials

The MEDI ROPE served as the control material, whose dimensions included a 19-G
cannula with an external diameter of 1.030-1.100 mm and a suture size of United States
Pharmacopeia (USP) 3. It was equipped with a depressed barb, whose strength was
closely associated with its engraved central part. It was therefore expected to be vulnerable
to degradation.

The Mint Lift® 17 and the Mint Lift® Fine served as the trial materials, whose charac-
teristics have been described in previous literature [12,13,19,20].

The MEDI ROPE, the Mint Lift® 17, and the Mint Lift® Fine were cut at a length of
4.5 cm and then weighed. Thus, the MEDI ROPE (0.014 g), the Mint Lift® 17 (0.009 g), and
the Mint Lift® Fine (0.009 g) were prepared for the current experiment.

2.5. Experimental Procedure

For the current experiment, the accelerated aging test was performed in compliance
with guidelines of the American Society for Testing and Materials (ASTM) F 1980-2 Stan-
dard Guide for Accelerated Aging of Sterile Medical Device Packages for the purposes of
assessing the thermal stability over time of the Mint Lift® 17 and the Mint Lift® Fine as
compared with the MEDI ROPE, as previously described [31-33].

Three samples each were placed in a 15-mL conical tube and then treated with PBS
solution 10 mL. Following this, the experiment was performed in an oven at a temperature
of 57.5 °C.

Following the thermal treatment of samples, we measured the strength in triplicate.
Then, we compared microscopic findings between the Mint Lift® 17, the Mint Lift® Fine
and the MEDI ROPE under a light microscope (Industrial Microscope Division, Nikon
Instruments, Inc., Melville, NY, USA) at a magnification of 4 x.

In the current study, we compared the strength between the Mint Lift® 17, the Mint
Lift® Fine, and the MEDI ROPE at 0, 2, 3,4, 5,7, 8,9, 10, 11, 14, and 17 weeks.
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2.6. Statistical Analysis

All data were expressed as mean =+ standard deviation. Differences in the degree of
the initial strength between the experimental materials were analyzed using the two-way
analysis of variance with Duncan’s post-hoc analysis. Statistical analysis was carried out
using the SPSS ver. 18.0 for windows (SPSS Inc., Chicago, IL, USA). Statistical significance
was set at p < 0.05.

3. Results
3.1. Time-Dependent Changes in the Thermal Stability

As shown in Table 1 and Figure 1, the initial strengths of the Mint Lift® 17 and the
Mint Lift® Fine were higher as compared with the MEDI ROPE. More specifically, between
0 and 14 weeks, the Mint Lift® 17 and the Mint Lift® Fine had significantly higher degrees
of strength as compared with the MEDI ROPE (p < 0.05).

Table 1. Time-dependent changes in the thermal stability.

Duration (Weeks) Values

Mint Lift 17 Mint Lift Fine MEDI ROPE
0 47.89 +1.482 37.61 +5.33P 3255 4+ 1.522b
2 4255 4+ 0.582 3343 +2.39b 28.53 £ 1.182b
3 41.46 £0.972 34.15 + 156 27.99 + 1.67 2b
4 41.90 + 0.56 2 3044 £ 1.36° 24.62 +2.392b
5 35.40 +1.832 27.45 4 093P 14.72 + 4.08 2P
7 2256 +0.99 2 20.53 +1.22° 9.11 + 0.69 2P
8 18.69 +2.122 14.64 +0.97° 3.64 + 1.87 2P
9 9.76 +2.40 2 10.15 4 1.87 P 2.41 + 1.58 2P
10 9.67 £ 0.992 6.71 £ 0.75P 3.05 + 0.28 P
11 6.84 £1.632 5.70 +£1.14b 1.17 £ 0.622b
14 2.85+0.752 1.81 +0.98° 0.27 4 0.27 2P
17 0.00 % 0.00 0.00 + 0.00 0.00 + 0.00

Note: the unit is N. Values are mean + standard deviation. Different letters indicate statistical significance
atp <0.05.

604

20+

0 2 3 4 5 7 8 9 10 1 14 17
B Mint Lift 17 O Mint Lift Fine BE MEDI ROPE

Figure 1. Time-dependent changes in the thermal stability. Between 0 and 14 weeks, the Mint Lift®
17 and the Mint Lift® Fine had significantly higher degrees of strength as compared with the MEDI
ROPE (p < 0.05). (X- and Y-axis indicate the time and the strength (N), respectively).
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3.2. Microscopic Findings

At 0, 5, and 10 weeks, the Mint Lift® 17 and the Mint Lift® Fine showed no notable
differences in microscopic findings as compared with the MEDI ROPE (Figure 2). At
20 weeks, however, the integrities of the Mint Lift® 17 and the Mint Lift® Fine were better
preserved as compared with the MEDI ROPE (Figure 3).

Mint® Lift Fine Mint® Lift 17 MEDI ROPE

- - - -
- - - o
- -- o

Figure 2. Microscopic findings observed at 0, 5, and 10 weeks. At 0, 5, and 10 weeks, the Mint Lift®
17 and the Mint Lift® Fine showed no notable differences in microscopic findings as compared with
the MEDI ROPE.

MEDI ROPE Mint® Lift Fine Mint® Lift 17

Mint® Lift Fine
Mint® Lift 17

—

—— i . *= MEDI ROPE

Figure 3. Microscopic findings observed at 20 weeks. At 20 weeks, the integrities of the Mint Lift® 17
and the Mint Lift® Fine were better preserved as compared with the MEDI ROPE.

4. Discussion

Both synthetic and natural polymers are vulnerable to degradation at varying levels
during their lives, which may eventually lead to alterations in their mechanical, thermal,
optical, functional, or other properties. Such vulnerability to the degradation plays a role
in impairing the performance of polymers and thereby shortening their life cycles [34-39].
The long-term behavior of polymers may be affected by diverse factors, such as their
chemical properties, the manufacturing process, and the type and level of environmental
exposure. Indeed, even the same polymers would perform differently if exposed to different
conditions [40].

The accelerated aging test is commonly performed to obtain the experimental data
from a new product and, thereby, to estimate its clinical performance and shelf-life claims [41].
To our knowledge, this is the first study to assess the thermal stability of the Mint Lift® 17
and the Mint Lift® Fine over time as compared with the MEDI ROPE.

Adequate tensile strength for tissue anchorage as well as durability is considered a
requirement for thread-lifts, for which both larger cross-sectional diameters and irregular
shapes serve as factors causing a tissue reaction, and barbs are involved in the even
distribution of the tensile strength in the dermal and subcutaneous layers [42]. There are
several literature studies advocating the effects of barbed thread-lifts; these effects are
classified as mechanical and biochemical ones. The former arises from the helical and
bidirectional arrangement of barbs, which is followed by the generation of the tensile force,
applied to both sides, allowing the barbs to act as a hook without a wire slip [43,44]. The
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latter leads to neocollagenesis; Jang et al. [45] used a rat experimental model and thereby
inserted cog threads in the skin. These authors observed that myofibroblasts were a key
player in the contracture of the fibrous tissue at 4 weeks following the insertion of thread.
In addition, histological examinations showed the formation of a homogeneous fibrous
capsule around the thread, leading to the preservation of the traction and compactness
of tissues. Moreover, there was an increase in the thickness of the dermal papillae on
histopathology, which is suggestive of the interstitial growth of collagen components [7].

A limited durability, in vivo, of thread-lifts deserves special attention; it may com-
monly arise from changes in their thermal stability over time. This is closely associated
with clinical failure of the facial rejuvenation using them. Therefore, their clinical lifetimes
should be prolonged through improvements in their thermal stabilities over time.

To summarize, our results are as follows: First, between 0 and 14 weeks, the Mint Lift®
17 and the Mint Lift® Fine had significantly higher degrees of strength as compared with
the MEDI ROPE (p < 0.05). Second, at 0, 5, and 10 weeks, the Mint Lift® 17 and the Mint
Lift® Fine showed no notable differences in microscopic findings as compared with the
MEDI ROPE. Third, at 20 weeks, the integrity of the Mint Lift® 17 and the Mint Lift® Fine
was better preserved as compared with the MEDI ROPE.

However, our results cannot be generalized, because we failed to perform histologic
and molecular analyses in vivo. It is mandatory to consider inherent differences in the
elastic and thread-holding properties between in vitro and in vivo conditions. This deserves
further studies.

5. Conclusions
In conclusion, our results indicate that the Mint Lift® 17 and the Mint Lift® Fine might

be less vulnerable to degradation over time as compared with the MEDI ROPE under
thermal conditions.
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