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Introduction: Smart elastomers, which possess self-healing and shape memory
capabilities, have immense potential in the field of biomedical applications.
Polycarbonates and polyesters have gained widespread interest due to their
remarkable biocompatibility over the last century. Nevertheless, the lack of
functional versatility in conventional polyesters and polycarbonates means that
they fall short of meeting the ever-evolving demands of the future.

Methods: This paper introduced a new smart elastomer, named mMPEG,3-b-
(PMBC-co-PCL),, developed from polyester and polycarbonate blends, that
possessed shape memory and self-heal capabilities via a physical crosslinking
system.

Results: The material demonstrated a significant tensile strength of 0.38 MPa and
a tensile ratio of 1155.6%, highlighting its favorable mechanical properties. In
addition, a conspicuous shape retrieval rate of 93% was showcased within
32.5seconds at 37°C. Remarkably, the affected area could be repaired
proficiently with no irritation experienced during 6h at room temperature,
which was indicative of an admirable repair percentage of 87.6%. Furthermore,
these features could be precisely modified by altering the proportion of MBC and
e-CL to suit individual constraints.

Discussion: This innovative elastomer with exceptional shape memory and self-
heal capabilities provides a solid basis and promising potential for the
development of self-contracting intelligent surgical sutures in the biomedical
field.
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1 Introduction

In practical applications, elastomers are frequently exposed to external factors such as
environmental conditions and external stresses. These exposures can result in external
damage, fractures, or internal cracking, ultimately leading to material failure (Utrera-Barrios
etal., 2022). Most elastomers lack self-healing properties, and once the material is damaged,
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it cannot be reshaped, often resulting in significant waste (Wemyss
et al,, 2020). Self-healing elastomers have the capability to restore
their structural integrity under specific conditions following material
damage (Wang and Urban, 2020). Self-healing elastomers are
typically divided into exogenous and intrinsic types (White et al;
Guo et al,, 2020). The self-healing capacity of exogenous self-healing
elastomers is restricted by the pre-embedded repair reagents within
the material. Once these repair reagents are exhausted, the material
loses its self-healing ability (Kanu et al., 2019). Intrinsic self-healing
elastomers derive their self-healing ability from the breakage and
reorganization of reversible chemical bonds in dynamic cross-linked
networks, such as hydrogen bonds, ionic interactions, metal-ligand
coordination, disulfide exchange, and Diels-Alder reactions (Jian
et al,, 2018; Song et al., 2018; Fan et al., 2019; Li et al.,, 2020; Wang
et al,, 2020; Yang et al., 2020). Compared to exogenous self-healing
elastomers, intrinsic self-healing elastomers possess the advantage of
an unlimited number of repair cycles, as the repair reagent does not
impose limitations. In addition to their self-healing capabilities,
these elastomers generally exhibit a higher Young’s modulus and
stress, greater elongation at break, and enhanced heat resistance
compared to similar non-self-repairing elastomers (Xie et al., 2021).

Shape Memory Elastomers (SMEs) belong to a category of smart
materials known for their capability to revert from a temporarily
programmed shape to their original permanent shape in response to
applied forces and external stimuli, such as temperature, pH, light, water
or solvents, as well as electric and magnetic fields, among others (Lapcik
et al., 1998; Liu et al., 2009; Han et al., 2012; Qi et al., 2014; Bai and Shi,
2017; Zhao et al., 2017; Kong et al., 2019; Davidson et al., 2020; Ze et al,,
2020; Cui et al., 2021). Briefly, SMEs are exposed to an external stimulus,
typically by heating them above the glass transition temperature while
applying an external force. This is followed by cooling below the glass
transition temperature for temporary programming, and finally,
returning to their original permanent shape upon heating to an
appropriate temperature (Chen et al, 2020). Permanent shapes are
typically established through covalent bonding, whereas temporarily
programmed shapes are generally achieved through weak interactions
such as hydrogen bonding, hydrophobic interactions, m-mt
superposition, ionic bonding, host-guest interactions, etc (Jiang et al,
2017; Wu et al,, 2020; Chen Z. et al., 2021; Gallos et al., 2021). Among
them, thermally induced shape memory elastomers have garnered
significant attention from researchers in recent years, owing to their
high deformation rates and ease of production techniques (Chen et al,,
2020; Zhao et al., 2020; Yin et al.,, 2022).

Surgical sutures are one of the most frequently utilized medical
devices in daily practice, aimed at facilitating wound healing and
minimizing scarring through the secure joining of body tissues. The
ideal surgical suture should have good biocompatibility, appropriate
mechanical properties, low inflammatory response, and ease of knotting
(Shao et al, 2016; Alshomer et al, 2017). The primary challenge
their
maneuverability during specific minimally invasive procedures for

encountered with surgical sutures lies in limited
wound closure, posing difficulties in achieving secure suturing and
knotting. Moreover, inadequate suture strength can result in visible scar
tissue at the wound site, potentially causing infections and hernias.
Conversely, excessive suture strength may escalate patient discomfort
and induce tissue necrosis at the wound site (Sheng et al, 2017;
Tsukamoto et al.,, 2018; Chen et al.,, 2022). The utilization of SMEs

as a promising choice for surgical sutures represents an appealing
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strategy. SMEs equipped with temperature-sensitive triggers can
undergo solidification at lower temperatures, effectively storing
internal stresses, and subsequently tightening the suture by releasing
these stresses at body temperature (Duarah et al., 2018). Therefore,
surgical sutures crafted using temperature-sensitive SMEs hold great
potential for enhancing surgical maneuvers.

Trimethylene carbonate (TMC) ande-CL are common polymer
monomers within the biomedical field. The copolymerization of these
monomers exhibits excellent biocompatibility and has been the subject
of extensive research in recent years (Mathot et al,, 2007; Danhier et al,,
2009; Yang et al, 2014a; Yang et al., 2014b; Pires et al., 2016). The
conventional P (TMC-co-CL),, lacks self-healing and shape memory
capabilities, thereby limiting its potential applications. In materials
science, functionalized modifications to monomers are a prevalent
approach to bestow polymers with superior properties (Xu et al,
2014; Ansari et al, 2021). The copolymer’s potential for biomedical
applications could be significantly enhanced by incorporating ambient
temperature self-healing properties and shape memory functionality
into P (TMC-co-CL), using this method.

In this investigation, we presented a novel shape memory elastomer
with self-healing properties, denoted as mPEGy3-b-P (MBC-co-CL),,
obtained by copolymerization of the TMC-functionalised monomer
MBC and &-CL. The elastomer was synthesized using mPEGy; as the
macromolecular initiator, MBC and CL as the functional monomers,
and Sn(Oct), as the reaction catalyst for the ring-opening
polymerization reaction. Due to the introduction of benzyl carbonyl
groups in MBC, mPEGy;-b-P (MBC-co-CL),, became insoluble in
dichloromethane. Infrared analysis confirmed the formation of an
internally structured physical crosslinked network within the
elastomer, created by hydroxyl and carbonyl groups interacting to
form hydrogen bonds. The elastomer mPEG,;-b-P (MBC-co-CL),
exhibited excellent mechanical properties and stretchability. It
automatically healed wounds at room temperature without external
stimulation and simultaneously demonstrated impressive shape
memory at human body temperature. These functions could be
regulated by adjusting the ratio of MBC to e-CL, wherein self-
healing capability and shape recovery rate increased with higher
MBC content. Compared to P (TMC-co-CL),, the elastomer
mPEG;-b-P (MBC-co-CL),, demonstrated enhanced self-healing
and shape memory functions, thus broadening the potential
applications of P (TMC-co-CL), in the biomedical field. Compared
to traditional surgical sutures, the mPEGy;s-b-P (MBC-co-CL),
exhibits
properties at room temperature, with the potential to create knotless

elastomer excellent self-healing and shape memory
self-tightening surgical sutures. This advancement opens up prospects

for its potential use in self-retracting surgical suture applications.

2 Experimental section

2.1 Materials

2,2-Bis(hydroxymethyl) propionic acid (99%) was bought from
Tianjin Bodi Chemical Co., Ltd. (Tianjin, China). Toluene (99%),
Calcium hydride (CaH,), and Benzyl chloride (99%) were
purchased from Sinopharm Chemical Reagent Co. Ltd.
(Shanghai, China). Triethylamine (99%) and tetrahydrofuran
were purchased from Tianjin Damao Chemical Reagent Factory.
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TABLE 1 Reaction conditions for the elastomer mPEG,3-b-P (MBC-co-CL).

Samples MBC: e-CL M: | M:C T(CQ  t(h)
M, 11 2000:1 | 1,000:1 130 24
M, 31 2000:1 | 1,000:1 130 24
M, 5:1 2000:1 | 1,000:1 130 24

(Tianjin, China). Methoxy polyethylene glycol (mPEGy3, 1.9 kDa)
was purchased from InnoChem Technology Co. Ltd. (Beijing,
China). ¢-CL and Stannous octoate [Sn(Oct),] (99%) were
supplied by Sigma-Aldrich. Ethyl chloroformate (99%) was
purchased from Xinyi Huili Fine Chemical Co., Ltd. (Xinyi,
China). The MBC is synthesized according to a previously
published procedure (Liu et al., 2003). e-CL was stirred with
CaH, for 2days to dry and then distilled under reduced
pressure. 5-methyl-5-benzyloxycarbonyl-1,3-dioxan-2-one
(MBC) was synthesized based on previous work (Chen et al,
2020). Toluene was de-watered by sodium filament azeotropic
reflux before use. Standard methods purified all other solvents in
this study.

10.3389/fbioe.2023.1298723

2.2 Synthesis of the elastomer mPEG,43-b-P
(MBC-co-CL),

Utilizing mPEGy; the initiator for
polymerization and Sn(Oct), as the catalyst, the ratios of
monomer MBC and CL were determined as 1:1, 3:1, and 5:1.

as ring-opening

The ratio of monomer to the initiator (M:I) was set to 2,000:
1 and the ratio of monomer to catalyst (M:C) was given at 1,000:
1. These combinations resulted in three distinct ratios of elastomers
named M, M,, and M3, with specific details outlined in Table 1. In
summary, the polymerization cross-linking process began by placing
the PTFE tube mold (length 30 mm, inner diameter 2 mm) inside an
ampoule. Subsequently, a toluene solution (0.2 mol/L) containing
the monomer, mPEG,; and Sn(Oct), was added to the ampoule. The
system was vacuumed and purged with nitrogen three times before
the ampoule was sealed to maintain a vacuum-tight system (<15 Pa).
Afterward, the ampoule was positioned in an oil bath container at
130°C for 24 h. The elastomers underwent a 72 h immersion in
dichloromethane (DCM) to exclude polymer chain segments not

involved in cross-linking, including any unreacted monomers.
Afterwards, they were vacuum-dried for 24h until a stable
weight was attained.
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FIGURE 1

(A) Ring-opening polymerization of elastomers. (B) The formation of physically crosslinked elastomers.
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FIGURE 2

The FT-IR spectrum of monomers and elastomers (M;, M5,
and Ms).

2.3 Characterization

Fourier transform infrared spectra (FT-IR) was acquired using a
PerkinElmer Spectrum One (B) Spectrometer (PerkinElmer, Foster
City, CA, USA) over the range of 4,000-500 cm™ at room temperature.

Thermogravimetric analysis (TGA) was conducted using a
Netzsch 209C TGA instrument (Netzsch, Hanau, Germany) over
the temperature range of 40°C-800°C with a ramp rate of 20°C/min
under nitrogen purging. Differential scanning calorimetry (DSC)
was performed utilizing a NETZSCH DSC-204 thermal analyzer
(Netzsch, Hanau, Germany). Data was recorded within the
temperature range of —50°C-200°C at a rate of 10°C/min under a
flowing nitrogen atmosphere.

A
Mq
M2
-15.8°C M3
=)
E
s
é 129C
2
K]
£
©
[T
E
1 1 1 1 1 1
-40 -20 0 20 40 60 80
Temperature (°C)
FIGURE 3

The (A) DSC and (B) TGA of elastomers.
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The swelling experiments were carried out in water and
dichloromethane. The weighed samples were immersed in the
solvent and changed the solvent every 24 h for a total of 72h.
After removing and drying the surface solvent, the samples were
weighed (W;) and vacuum-dried to constant weight (W,). The
swelling rate (SR) of the elastomer was calculated by Eq. 1, and the
gel fraction (GF) was calculated by Eq. 2.

W1 —Wo

0

1%
= 2% 100%
Wy

SR = x 100% (1)

GF 2
Wo: Initial weight of the elastomer.

A dynamic mechanical analyzer (242E Artemis DMA,
Netzsch, Germany) was employed to assess the viscoelastic
properties of the polymer. During all tests, measurements
were conducted in the tensile mode using cylindrical samples
measuring 2 mm in diameter and 20 mm in length. The storage
modulus (E’) and loss modulus (E”) of the polymers were
measured at 25°C over a frequency range of 0.1-100 Hz for
frequency testing and at a constant frequency of 1Hz for
various temperatures ranging from 25°C to 70°C. Three
replicates were carried out for each sample scale. Tensile
mechanical properties of the elastomer were evaluated using
the MTS MCT-6103 (Meister, China) universal mechanical
testing machine. Elastomeric rods, 20 mm in length and 2 mm
in diameter were tested at room temperature with a clamping
distance of 10 mm and a stretching rate of 10 mm/min.

The investigation into the self-healing properties of elastomers
involved cutting a rod-shaped elastomer in half and rejoining the
two cut surfaces, allowing them to contact and self-heal at 25°C for
a specified duration. The repaired elastomer was then examined
under an optical microscope (Smartzoom 5) to document
alterations in the self-healing scratch trajectory. Subsequently,
mechanical properties were evaluated using a universal testing
machine.
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The assessment of the elastomer’s shape memory capability
proceeded as follows: an external force was applied to the I-shaped
rod elastomer at room temperature, causing it to adopt a U-shape
(temporary form). Subsequently, the elastomer was solidified in
a —20°C environment. Finally, the elastomer was transferred to a 37°C
environment, reverting it to its original I-shape (permanent form). The
entire process was meticulously recorded using a video camera. Shape

Frontiers in Bioengineering and Biotechnology

recovery rate (R¢) and shape fixation rate (R,) were calculated by Eqs 3, 4.
The shape memory measurement process is shown in Figure 6A.
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ao: The angle of the elastomer at initial fixation. a,: The angle of the
elastomer at time t.

3 Result and discussion
3.1 Structural characterization of elastomers

The polymerization conditions of the elastomers are shown in
Table 1. The process of the ring-opening polymerization reaction
and the formation of physically crosslinked elastomers are shown in
Figure 1. The structures of the elastomers were analyzed by FT-IR.

The FT-IR of the elastomer is shown in Figure 2. The mPEG-b-
(PMBC-co-PCL),, copolymer was synthesized by initiating the ring-
opening polymerization of MBC and e-CL by using mPEGy; as
initiator and Sn(Oct), as catalyst. The C-H stretching vibrations of
3,100-3,000 cm™" and the out-of-plane bending vibrations of C-H of
698 and 744 cm™' proved the existence of the benzene ring. The
stretching vibrations at 1,737 and 1,134 cm™" were the ester carbonyl
and aliphatic ether bonds of the copolymer, which demonstrated the
successful participation of MBC and e-CL in the ring-opening
polymerization reaction. The broad peaks appearing at
3,500-3,150 cm™ in the FT-IR spectrum of M;, M,, and M; were
due to the hydrogen bonding reaction between the hydroxyl group at
the end of the polymer and the ester carbonyl group of the PMBC
side chain (Chen C. et al., 2021). The gradual enhancement of the
hydrogen bonding peaks of M;, M,, and M; was attributed to the
increase in the MBC content which increased the probability of
hydrogen bond formation.

3.2 Thermodynamic properties of
elastomers

The glass transition temperature analysis of the elastomer was
performed using DSC. As illustrated in Figure 3A, there was a
notable increase in the glass transition temperature of the elastomer
with the augmentation of MBC content, ranging from —15.8°C for
M; to 8.3°C for Ms. This phenomenon could be attributed to the
increase in the number of benzene rings and side chain ester
carbonyls in MBC, elevating the likelihood of m-m conjugation
between benzene rings and the formation of both intramolecular
and intermolecular hydrogen bonding within the system.
Additionally, a decreased e-CL ratio resulted in fewer flexible
chain segments in the molecule, consequently enhancing the
rigidity of the Furthermore, TGA
characterization was performed to analyze the thermal behavior

overall elastomer.
of the elastomers.

Figure 3B demonstrated the weight loss of the elastomer at
various temperatures, and the temperature at which the elastomer
experiences a 5% weight loss is defined as its decomposition
temperature. Interestingly, the decomposition temperature
decreased with an increase in MBC content. This was due to
the fact that the decomposition temperature of PMBC is lower
than that of PCL. Specifically, the decomposition temperature for
M;, M,, and M; were determined to be 300.1°C, 285°C, and

264.3°C, respectively.
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3.3 Swelling properties of elastomers

The impact of MBC content on the crosslinking network was
revealed through the analysis of the swelling behavior of
elastomers in water and organic solvents with three distinct
MBC ratios. Based on the data presented in Figures 4A, B, it
was observed that as the MBC content increased, the swelling
ratio of the elastomer in both dichloromethane and water
decreased. As the MBC content in the crosslinked network
rose, there was an increase in m-m conjugation between the
benzene rings and an elevated quantity of hydrogen bonds
between the hydroxyl groups at the polymer segment termini
and the ester carbonyls of the side chains, leading to an increase
in the degree of cross-linking. Furthermore, the benzene ring,
classified as a lipophilic group, played a role in enhancing the
hydrophobicity of the elastomer due to an increased presence of
benzene rings within the polymer chain segments. This
heightened hydrophobicity was evidenced by the gel fraction
of the elastomers depicted in Figure 4C, showcasing an
augmentation with the rise in MBC content. The escalation of
MBC content facilitated an increase in the number of hydrogen
bonds within the
intermolecular and intramolecular entanglements were more

crosslinked network. Consequently,
readily formed, contributing to the heightened gel fraction of
the elastomers. Elastomers are virtually insoluble in water, so
there was no change in properties in the body due to fluid
exchange. Therefore, the elastomers held promising potential

for their application in surgical suture direction.

3.4 Dynamic thermo-mechanical properties

The
elastomers are illustrated in Figure 5. In the frequency sweep

dynamic thermo-mechanical properties of the
test at room temperature (Figure 5A), M; displayed the highest
energy storage modulus (E) at 6.3 MPa and a loss modulus (E"”)
of 4.9 MPa at 100 Hz. Across all samples, there was a noticeable
trend of increasing E' and E” with higher frequencies.
Additionally, both E' and E” of the elastomers exhibited a
significant upward trend with increasing MBC content.
Specifically, for M;, the values were measured at 80.6 MPa
(E') and 15.82 MPa (E”), respectively. This phenomenon
could be attributed to the increase in MBC content, resulting
in a higher number of side-chain hydroxyl groups and benzene
rings in the molecular chain segments. This increase enhanced
the likelihood of hydrogen bonding, nt-m stacking formation, and
an overall rise in crosslink density. Beyond the frequency sweep
test, a fixed 1 Hz variable temperature test was conducted on the
elastomers (Figure 5B). It was observed that regardless of the
monomer ratio, the E' and E” of the elastomers decreased with
increasing temperature. This could be explained by heightened
molecular thermal motion at high temperatures, causing an
increase in distance between the molecules of the chain
segments and reducing the effects of hydrogen bonding and
n-1t stacking. This outcome suggested that elastomers tend to
exhibit higher viscosity at elevated temperatures, potentially
enhancing their self-healing properties.
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Shape memory (A) processes of elastomers with (B) different monomer ratios , (C) different temperatures of Mz and (D) shape memory repeatability

of Ms.
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TABLE 2 Shape memory properties of M,, M,, and M.

Samples R, (%) R¢ (%)
M, 95.2 78.8
M, 92.1 85.8
M, 87.2 93

3.5 Shape memory behaviors and self-
healing properties

Elastomers could be endowed with shape memory properties
utilizing a dynamic crosslinked network structure and a glass
transition temperature (Tg). Initially, the elastomer was shaped
into a temporary form at room temperature and subsequently
solidified in an environment below T,. Later, when exposed to a
37°C environment, the molecular motion within the elastomer’s
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FIGURE 7
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crosslinked network was reactivated, and the rigidity was induced to
revert to the initial shape. This transformation was facilitated by the
increased rigidity effect resulting from hydrogen bonding and n-nt
stacking. Figure 6A illustrated the shape memory process of the
elastomer. Figure 6B illustrated the deformation recovery at various
recovery times for the elastomer samples denoted as M;, M,, and
M. The deformation recovery for M;, M,, and M; was observed to
be completed within 32.5 s at 37°C, displaying recovery rates (R,) of
87.2% and remarkable restoration rates (R¢) of 93% (Table 2). As the
MBC content increased in the elastomer, there was a notable
decrease in Rf, although Rr exhibited a significant increase. This
behavior stemmed from the interplay of MBC content with the
elastomer’s rigidity and interaction forces within the rigid chain
segments. Specifically, at lower MBC content, the interaction force
among the rigid chain segments in the elastomer was relatively weak,
resulting in a gel with a feeble restoring force. Conversely, higher
MBC content intensified hydrogen bonding and -t stacking in the
crosslinked network, enhancing the elastomer’s rigidity, inducing

0.8

D Origin
0.7 - - After 6h
0.6 -

[
o
T

Stress(MPa)
o ©
w »

(3
(X

e
-

e
=

1500

1000

Strain(%)

(A,B) Optical Images of Scratch Self-healing and (C,D) Tensile Properties Before and After Repair for M; and Ms.

Frontiers in Bioengineering and Biotechnology

08 frontiersin.org


https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2023.1298723

Chen et al.

substantial phase separation, and making shape fixation less facile,
yet augmenting repulsive forces. Furthermore, we conducted a study
on the shape memory functionality of the elastomer at different
temperatures. As shown in Figure 6C, at 37°C, the elastomer
exhibited a significantly higher R¢ (93%) compared to the R
(80.6%) observed at 25°C. This is attributed to the elevated
temperature, which accelerates the motion of polymer chain
segments within the elastomer, resulting in a faster shape
recovery. In addition to the analysis of Rf and Rr, evaluating the
repeatability and fatigue resistance of elastomer shape memory was
paramount for assessing its potential in practical applications. Using
M3 as a representative, as depicted in Figure 6D, we examined the
shape memory capability of the elastomer over three consecutive
cycles. Remarkably, the same sample exhibited no signs of fatigue
and maintained a consistently stable shape memory capacity
throughout the three consecutive cycles. This observation
underscored the elastomer’s robust fatigue resistance and its
capability to sustain a reliable shape memory performance over
subsequent practical applications.

The physical cross-linking network inherent in elastomers not
only imparted them with shape memory functionality but also
endowed them with self-healing properties. The self-heal capacity
of elastomers relies on the reversible dynamics of hydrogen bonding
and the predominance of m-m stacking interactions. We have
self-heal
meticulous analysis using optical microscopy and precise tensile

examined the capability of elastomers through
testing. The self-healing phenomena depicted in Figures 7A, B
vividly showcased the remarkable self-healing attributes of the
elastomer. Upon bisecting the elastomer into two segments,
optimal self-healing was achieved by carefully aligning and
adhering the wounded surfaces without external pressure,
followed by a 37°C incubation for 6h. Leveraging its inherent
shape memory function, the elastomer could substantially restore
the original configuration of the damaged site through stored strain,
maximizing the contact area during the repair process. Upon
contact, the fractured hydrogen bonding network underwent a
reconstructive phase, enabling the healing of the elastomer wound.

In addition to examining the macroscopic morphology, it was
crucial to consider the recovery of elastomer mechanical properties.
By analyzing stress-strain curves of the original samples following
self-healing, Figures 7C, D illustrated that after 6 h of self-healing at
37°C, the fracture stress of M3 was restored to 87.6% of its initial
value, whereas M; only recovered to 65.8% of its initial value. The
study demonstrated that the self-healing ability of M3 surpasses that
of M;. This was attributable to the higher MBC content found in M3
than in M;. As a result, there was a greater likelihood and number of
hydrogen bonding and nt-m stacking formation, which enhanced the
self-healing process. The excellent room temperature self-repairing
properties and shape memory at body temperature of the elastomers
gave them the potential to be prepared as self-retracting surgical
suture money, which was further investigated in the clinic.

4 Conclusion

Through the copolymerization of MBC and &-CL with mPEGy;
as the initiator and Sn(Oct), as the catalyst, novel smart elastomers,
mPEG-b-(PMBC-co-PCL),,, successfully

denoted  as were
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synthesized. These elastomers exhibited exceptional mechanical
properties, demonstrated by a tensile ratio of 1,155.6% and a
tensile strength of 0.38 MPa. Notably, a remarkable shape
recovery of 93% was achieved within 32.5s at 37°C, underscoring
their efficient shape memory performance. Moreover, their self-
healing capability, primarily driven by hydrogen bonding and n-m
stacking interactions, showcased an impressive self-healing
efficiency of 87.6% after a 6h self-healing process at room
temperature without external stimuli. The elastomer mPEG-b-
(PMBC-co-PCL),, boasted exceptional attributes, including its
near insolubility in water, remarkable shape memory capabilities,
and outstanding self-heal efficiency. These unique qualities opened
up possibilities for its utilization in the realm of self-retracting
surgical sutures, potentially revolutionizing the field of clinical

surgical procedures.
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