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Fig. S1 Viscosity of PLGA/DBP solutions and cladding polymer (COC) according to

temperature change.
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Fig. S2 Preform preparation.



Fig. S3 Thermally drawn fibers before cladding removal.
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Fig. S4 Diameter of PLGA/DBP gel reservoir according to capstan speed.
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Fig. S5 Cladding removal and dye loading process.
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Fig. S6 FTIR spectrum of PLGA, COC, and CP suture.
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Fig. S7 Release profile of dye-loaded commercially-available braided suture.
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Fig. S8 Degradation test of CP sutures.



Supplementary Note S1: Polymers and solvents criteria for the TIPS-TDP

To successfully perform the TIPS-TDP, selecting an appropriate polymer and solvent is critical. Key factors in
choosing a TIPS polymer include melting point (Tm), melt viscosity, crystallinity, chemical and mechanical
stability, specific solubility, and molecular weight. Before initiating TIPS, the polymer should be dissolved in a
non-solvent at a temperature near its Tm to form a homogeneous solution!. For polymers with a high Tm,
identifying suitable solvents and cladding materials can be challenging. Since TIPS induces polymer
crystallization through temperature reduction, the polymer's crystallinity is a critical factor. Semi-crystalline
polymers such as isotactic polypropylene (iPP), polyvinylidene fluoride (PVDF), and polyethylene (PE) are
typically employed as TIPS polymers. In contrast, amorphous polymers like polymethyl methacrylate (PMMA)
and atactic polypropylene (aPP) undergo phase separation without crystallization, resulting in insufficient
mechanical strength for use as sutures after phase separation. To be suitable as a TIPS solvent, the solvent should
possess a high boiling point, low vapor pressure and low molecular weight (Mw). The boiling point of solvent
should be significantly higher than the TIPS temperature to prevent solvent evaporation, which could cause
preform instability or explosion of solution during TDP. Additionally, a lower Mw is preferred after phase

separation to facilitate easier solvent extraction.

As mentioned in the main text, the solubility parameter of the solvent is a critical factor for the TIPS
(Supplementary Table 1). In general, a polymer with a high Mw is considered fully dissolved when X < 0.5,
Conversely, the polymer and solvent exist as two phases when X = 0.5, For TIPS to occur, , the solvent should be
chosen such that X > 0.5 at the quenching temperature and X < 0.5 at the boiling point of the solvent>3. Following
TDP, the quenching temperature is approximated as room temperature (RT). Supplementary Table 1 provides a
comparison of y values for poly(lactic-co-glycolic) acid (PLGA) and solvents (more details in Supplementary
Note 1). Dibutyl phthalate (DBP) fulfilled the required conditions, demonstrating y < 0.5 below its boiling point

and x> 0.5 at room temperature.

Supplementary Note S2: Pore size distribution through quenching temperature

The variation in pore size with quenching temperature is attributed to the kinetic aspects of the TIPS, as explained
by lumped system analysis!8. The heat transfer by convection is equivalent to the change in the internal energy of

the fiber. Assuming no temperature gradient within the fiber and the negligible thermal resistance, this relationship



can be described by the following equation.
RA(T -T,) = (mc,T)
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where h is the heat transfer coefficient, A is the surface area, m is the mass, CP is the specific heat of fiber. By

rearranging and integrating both sides, time can be expressed as a function of temperature.

mC, To-T,
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where T; is the initial temperature of the fiber (~ ' reheat) and Te is the temperature of a quenching bath.

Assuming the solution inside the cladding is fully solidified at the TIPS temperature, To can be substituted for the
TIPS temperature. Although factors such as the thickness of the cladding material and the heat transfer coefficient
also play a role, this equation provides an indirect validation of the cooling rate's relationship to the quenching

temperature.

Supplementary Note S3: Combinations and conditions satisfied the TIPS-TDP

The TIPS process should satisfy two essential conditions to be concurrently proceeded with TDP: the
temperature condition and the solubility condition. First, to ensure homogeneity of the internal solution during
TDP, the drawing temperature should exceed the TIPS temperature. Additionally, to prevent phase separation
from recurring after quenching, the cladding should be chemically removed at a temperature below the TIPS

temperature.

The second condition pertains to solubility. To avoid interactions between the cladding polymer and the TIPS
solution, the cladding polymer should be insoluble in the TIPS solvent. Conversely, the cladding solvent used for
cladding polymer's removal should not dissolve the suture polymer. The specific TIPS polymers, TIPS solvents,
cladding polymers, and cladding solvents that satisfy all of these conditions are detailed in Supplementary Table

3.



Supplementary Table S1: Solubility parameter of polymers and solvents for TIPS

Polymer/Solvent byg 5p by Boiling point XRT Xboiling point TIPS possibility Ref
PLGA 174 83 99 - - - - (4]
DMSO 184 164 10.2 189°C 0.4996 0.3223 No [5]
Water 155 160 423 100°C 3.797 3.034 No [5]
DBP 17.8 8.6 4.1 340°C 0.9188 0.4468 Yes [6]

Supplementary Table S2: Comparison of Methods for Fabricating Porous Polymer Structures

Method

Pore Formation Mechanism

Advantages

Disadvantages

Ref

Thermally Induced
Phase Separation

(TIPS)

Phase separation is induced by
temperature changes; polymer

solidifies from a liquid phase

Producing uniform and

interconnected pore

Providing good cont

rol over

pore size and structure

Dependent on precise

temperature control

[7-11]

Non-Solvent Induced
Phase Separation

(NIPS)

Phase separation occurs due to solvent

exchange

Simple process

Suitable for fabricating thin

films and membranes

Challenging to achieve
homogeneous porous structures
due to uneven solvent exchange

rates and gradients.

[12-14]

Salt Leaching

Dissolution of leached salt particles
creates pores; heat is used for polymer

curing or melting

Simple and cost-effective

Creating highly porous

structures

Difficult to achieve uniform
pore distribution

Limited interconnectivity

[15, 16]

Gas Foaming

Gas expansion under heat creates
bubbles that form pores within the

polymer matrix

Solvent-free process

Producing pores without

additional materials

Limited in controlling pore size
and distribution

Structural unstable

[17]

Supplementary Table S3. Material selections and manufacturing conditions for the TIPS-TDP

TIPS Polymer TIPS Solvent Cladding polymer Cladding solvent TDP temp.
PVDF Benzophenone COoC Cyclohexane 130°C
PCL" Propylene carbonate / cocC Cyclohexane 130°C
triethylene glycol
UHMWPE Paraffin oil Polycarbonate N, N- 180°C
Dimethylformamide
PLGA DBP COC Cyclohexane 130°C
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