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Purpose: Intervertebral disk degeneration is the main cause of chronic back pain. Disk degeneration often leads to tearing of the annulus fibrosus (AF) and extrusion of the nucleus pulposus (NP), which compresses the nerves. Current treatment involves removing the herniated NP and suturing the damaged AF tissue. This surgical approach has several drawbacks. In this study, we designed a biodegradable AF closure system comprising a tissue engineering scaffold, a supporting membrane and an adhesive material, to not only restore the function of the herniated disc but also to promote tissue regeneration. Materials and Methods: Porous scaffolds with precisely defined architectures were built by stereolithography using resins based on poly(trimethylene carbonate) (PTMC) macromers functionalized with methacrylate endgroups. In addition, a porous photo-cross-linked PTMC membrane was developed that can be used to keep the scaffold in place in the AF tissue. Results: After synthesis and characterization, the components of the implant are glued together and to the AF tissue using a diisocyanate glue based on polyethylene glycol-PTMC triblock copolymers. The adhesion strengths of the materials to each other and to AF tissue were determined in lap-shear tests. Conclusions: This study showed that a device for AF tissue engineering can be prepared from PTMC-based scaffolds, membranes and glues.

INTRODuCTION

Degeneration of the annulus fibrosus (AF) often leads to tearing of the tissue, and parts of the nucleus pulposus (NP) can then protrude beyond the damaged outer parts of the AF [START_REF] An | Introduction: disc degeneration: summary[END_REF] and compress the nerves. This herniation phenomenon and the resulting inflammation are the main cause of chronic low back pain [START_REF] Coppes | Innervation of annulus fibrosis in low back pain[END_REF]. When drug administration and physiotherapy treatments fail, surgical methods are used to restore the function of the spine. The most common surgical approaches consist of excising the herniated part of the NP and suturing the AF [START_REF] Ahlgren | Effect of anular repair on the healing strength of the intervertebral disc: a sheep model[END_REF][START_REF] Kirkaldy-Willis | Pathology and pathogenesis of lumbar spondylosis and stenosis[END_REF]. Unfortunately, as this does not end the degeneration process, the risk of recurrence is high. Besides this, the mechanical function of the treated intervertebral disc is not restored [START_REF] Ahlgren | Effect of anular repair on the healing strength of the intervertebral disc: a sheep model[END_REF]. As an alternative, researchers are focusing on annulus closure and regeneration of intervertebral discs by tissue engineering.

Bron et al proposed a barbed device based on polyethylene as an AF closure device. Because of its design, the device was meant to interlock with the tissue to provide mechanical support and prevent extru-sion of the NP [START_REF] Bron | Biomechanical and in vivo evaluation of experimental closure devices of the annulus fibrosus designed for a goat nucleus replacement model[END_REF]. However, because of the mismatch in the elasticity modulus of the implant and the tissue, high levels of friction between the implant devices and the intervertebral disc endplate were observed. After several weeks of implantation, all of the devices were deformed, had migrated from the site of implantation or had even been extruded. Obviously, this device does not allow for any regeneration potential of the tissue, as polyethylene is not resorbable.

Due to the complex hierarchical anisotropic structure of AF tissue, successfully applying tissue engineering principles to regenerate AF tissue is a great challenge. The ideal scaffold for AF tissue engineering should mimic AF tissue to allow the restoration of the structural and mechanical properties in vivo [START_REF] Ebara | Tensile properties of nondegenerate human lumbar anulus fibrosus[END_REF][START_REF] Nerurkar | Nanofibrous biologic laminates replicate the form and function of the annulus fibrosus[END_REF][START_REF] Nerurkar | Mechanics of oriented electrospun nanofibrous scaffolds for annulus fibrosus tissue engineering[END_REF][START_REF] Nerurkar | Mechanical design criteria for intervertebral disc tissue engineering[END_REF]. The tissue engineering scaffolds currently used are suboptimal, as most do not provide a platform that mimics the native AF organ. Due to the complex loading profiles of the intervertebral disc and the swelling pressure of the NP, scaffold extrusion is common upon implantation of AF tissue engineering scaffolds [START_REF] Wilke | Is a collagen scaffold for a tissue engineered nucleus replacement capable of restoring disc height and stability in an animal model?[END_REF][START_REF] Schmidt | Intradiscal pressure, shear strain, and fiber strain in the intervertebral disc under combined loading[END_REF]. The integration of the AF scaffold with the (damaged) surrounding tissue and the fixation of the scaf-fold to AF tissue have been much neglected [START_REF] Heuer | Biomechanical evaluation of conventional anulus fibrosus closure methods required for nucleus replacement: laboratory investigation[END_REF].

From the literature, it seems obvious that the design of the tissue engineering scaffold and the selection of the material will play a main role in the favorable restoration of function and regeneration of AF tissue [START_REF] Nerurkar | Nanofibrous biologic laminates replicate the form and function of the annulus fibrosus[END_REF][START_REF] Nerurkar | Mechanics of oriented electrospun nanofibrous scaffolds for annulus fibrosus tissue engineering[END_REF].

Among the many scaffold fabrication techniques, stereolithography (SLA) provides a high level of control over the microstructure of the scaffolds built. SLA is a 3-dimensional solid freeform fabrication technique based on spatially controlled photo-polymerization of a liquid resin in a layer-by-layer manner. In this way, SLA can generate 3D objects with specific predetermined geometries, porosities, structures and morphologies.

In this study, we prepared porous structures with gyroid pore network architectures to be used as AF tissue engineering scaffolds. These architectures have previously been shown [START_REF] Melchels | A poly(D,L-lactide) resin for the preparation of tissue engineering scaffolds by stereolithography[END_REF] to be relevant in tissue regeneration. To prevent extrusion of an implanted scaffolding structure, we propose backing the structure with a porous membrane that could also be glued to the surrounding AF tissue.

Since poly(trimethylene carbonate) (PTMC) is a flexible elastomer with mechanical properties similar to those of AF tissue, the tissue engineering scaffolds as well as the porous membranes, were prepared from photo-cross-linkable PTMC macromers [START_REF] Bat | Resorbable elastomeric networks prepared by photocrosslinking of high-molecular-weight poly(trimethylene carbonate) with photoinitiators and poly(trimethylene carbonate) macromers as crosslinking aids[END_REF]. To glue the scaffold, membrane and AF tissue, a series of biodegradable glues based on polyethylene glycoltrimethylene carbonate (PEG-TMC) triblock copolymers functionalized with butane diisocyanate were prepared.

MATERIAL AND METHODS

Materials

Trimethylene carbonate (1,3-dioxan-2-one; TMC) was obtained from Boehringer Ingelheim, Germany. Stannous octoate (tin 2-ethylhexanoate; SnOct 2 ), polyethylene glycol 1000 (PEG), triethyl amine and methacrylic anhydride (94%) were purchased from Sigma-Aldrich, Germany. 1,4-Diisocyanatobutane was obtained from CSM Chemicals, United Kingdom. Lucirin TPO-L (ethyl 2,4,6-trimethylbenzoylphenyl phosphinate) was kindly provided by BASF, Germany. Orasol Orange G was obtained from Ciba Specialty Chemicals, Switzerland. Reagents and solvents were of analytical grade and used as received. Fibrinogen and thrombin (Sigma-Aldrich, St. Louis, MO, USA) were isolated from bovine plasma and dissolved in phosphatebuffered saline (PBS) at concentrations of 100 mg/mL and 100 IU/mL, respectively.

AF tissue was obtained from frozen cow tails, which were gifts of Dr. B.P.M. Meij of the Veterinary Faculty of the University of Utrecht in The Netherlands.

Preparation and characterization of AF scaffolds by SLA

Three-armed PTMC macromers (5,000 g/mol) were prepared by ring-opening polymerization of TMC (0.98 mol, 100 g), initiated by tri(hydroxymethyl)propane (0.0196 mol, 2.62 g) and catalyzed by Sn(Oct) 2 (0.05 wt%) in the melt at 150°C for 3 hours under an argon atmosphere, with subsequent functionalization using methacrylic anhydride as described elsewhere [START_REF] Schuller-Ravoo | Preparation of flexible and elastic poly(trimethylene carbonate) structures by stereolithography[END_REF]. The oligomer and macromer number average molecular weights (M n ) and degrees of functionalization of the macromers were determined by high-resolution proton nuclear magnetic resonance ( 1 H-NMR) 300 MHz spectroscopy.

To prepare resins for SLA, the PTMC macromers were diluted with propylene carbonate to a viscosity of approximately 5 Pa•s. Lucirin TPO-L (5 wt% relative to the macromer) was added as the initiator and the Orasol Orange dye (0.15 wt% of macromers) to control the penetration depth of blue light. Cylindrical scaffolds with a diameter of 5 mm and a height of 7 mm and a gyroid pore network architecture with a porosity of 71% and a pore size of 450 µm were designed using computer-aided design software (Rhinoceros 3D, McNeel Europe and K3dSurf v0.6.2). The scaffold was then built by SLA using an EnvisioTech Perfactory Mini Multilens SLA apparatus at a pixel resolution of 16x16 µm 2 and a layer thickness of 25 µm. To reach this resolution with a light intensity of approximately 20 mW/ cm 2 the illumination time per layer was 40 seconds for this resin composition.

The porosity, pore size and pore size distribution of the scaffolds were determined by micro-computed tomography (µ-CT) using a GE Locus Xplore apparatus. Compression tests were conducted using a Zwick Z020 tensile tester, equipped with 500 N load of cell at a compression rate of 30% per minute.

Preparation and characterization of porous PTMC membranes

Linear PTMC macromers were synthesized in a manner similar to the one described above. By adjusting the TMC to hexanediol ratio, PTMC oligomers with molecular weight of approximately 30 kg/mol could be obtained. Salt particles (70 wt% with respect to the macromer, particles sieved to sizes of 100-200 µm) were mixed with the PTMC macromer dissolved in DCM (0.1 g/mL) containing a solution of Irgacure 2959 as photoinitiator (2 wt% with respect to the macromer). After casting, and photo-cross-linking in an Ultralum cross-linking cabinet, the salt was leached out with water for 3 days to obtain porous membranes.

The tensile properties of the porous PTMC membranes were determined according to ASTM-D882-91 on samples with lengths of 20 mm, widths of 5.3 mm and thicknesses 500 ± 50 µm using the same testing equipment. The grip-to-grip separation was 25 mm, and the testing rate was 50 mm/min.

Synthesis of PEG-PTMC-based diisocyanate adhesives

First PEG-PTMC triblock copolymers were synthesized by ring-opening polymerization of TMC with PEG as the initiator, as shown in Figure 1. In a typical procedure TMC, PEG 1k and Sn(Oct) 2 (0.2 mmol/per mol monomer) as catalyst were reacted in the melt at 150 o C for 3 hours in an inert argon atmosphere. The temperature was then reduced to 130 o C, and vacuum was applied to remove unreacted TMC. The oligomers were then further purified by washing with diethyl ether. Three oligomers with TMC/PEG molar ratios of 1:4, 1:6 and 1:8 were synthesized. The oligomers were labeled as PEG-(TMC x ) 2 , where x is the number of repeating TMC units at each end of the oligomers.

The PEG-PTMC triblock copolymeric oligomers were then end-functionalized by reaction with 1,4-diisocyanatobutane (BDI) as depicted in Figure 1. A weighed quantity of the oligomer was charged under nitrogen into a 3-neck flask. Then an excess of BDI was added to the flask under stirring so that a NCO/ OH ratio of 2.05 was obtained. The stirred mixture was allowed to react at 80 o C under nitrogen protection. Changes of the isocyanate (NCO) value during the reaction were monitored by titration di-n-butylamine according to ASTM D-2572 norms. The reaction was cooled to room temperature after constant NCO values were reached. The isocyanate-terminated oligomers were obtained as transparent viscous liquids, and were tightly sealed in glass jars and kept at -20 o C until use. The NCO-terminated oligomers are labeled as PEG-(TMC x -NCO) 2 .

The chemical structure of the PEG-TMC oligomers and the NCO-terminated PEG-TMC oligomers were characterized by Fourier transform infrared (FTIR) spectroscopy and 1 H-NMR. FTIR spectra were obtained using a Perkin-Elmer Spectrum 1000 FTIR spectrometer (USA) at 4 cm -1 resolution in the 4,000-600 cm -1 range. 1 H-NMR spectroscopy was performed using a Varian Innova 300 MHz (USA) apparatus and CDCl3 (Merck, Germany) as the solvent.

AF tissue

Caudal intervertebral discs were carefully excised from cow tail tissue. Briefly, muscle tissue was excised and manually cleaned of residual fatty tissue. The AF tissue was cut into several small pieces measuring 5x5x5 mm 3 , which were kept in a wet environment to ensure optimal conditions.

Evaluation of adhesive properties of the PEG-PTMCbased diisocyanate adhesives

The adhesive properties of the glues were assessed in a lap-shear tensile test using a Zwick Z020 universal tensile tester. The setup of the method resembles the ASTM F2255-05 standard [START_REF]F2255-05 standard test method for strength properties of tissue adhesives in lap-shear by tension loading[END_REF]. In Figure 2, the geometries of the different tested specimens are illustrated.

The stress at break was determined using a tensile tester equipped with a 500 N load cell at room temperature. The grip-to-grip separation was 25 mm, and the testing rate was 10 mm/min. For each test, the shear stress at break (the ultimate adhesion strength or adhesion strength at break) was used to characterize the adhesion. Each test was repeated at least 3 times. 

RESuLTS

Preparation of PTMC scaffolds by SLA and porous photocross-linked PTMC membranes

PTMC macromers with intermediate molecular weight (5,000 g/mol) end-functionalized with methacrylic groups were successfully prepared and used to build scaffolds by SLA. Figure 3 shows the PTMC scaffolds with gyroid pore network architecture prepared by SLA. Highly regular porous structures with very good connectivity of the pores can be seen. At higher resolutions, the scanning electron microscopy (SEM) images demonstrate the capacity of the SLA technique to build structures with the appropriate architecture, in a highly controlled manner.

In Table I an overview is given of the structural characteristics and the mechanical properties of the scaffolds built by SLA. Porosity and average pore sizes of the structures were determined µ-CT, and mechanical properties were assessed in compression tests.

Figure 3 also shows images of the porous PTMC network membranes prepared by photo-cross-linking followed by salt leaching with water. It is clear that the porosity is much less homogeneous than that of the designed structures. Nevertheless, Table II shows that the mechanical properties in tensile tests of these materials, which have similar porosities, are excellent as well. Despite their high porosity, these porous cross-linked PTMC membranes remain very tough and elastic structures.

Characterization of PEG-TMC triblock copolymeric oligomers and diisocyanate adhesives

Analysis by 1 H-NMR of the purified reaction products confirmed that PTMC-PEG-PTMC triblock copolymers (oligomers) had been obtained (spectra not shown). The appearance of characteristic signals from the methylene groups of TMC repeating units was observed at 2.1 and 4.3 parts per million (ppm). The characteristic signal of the polyethylene glycol block was observed at 3.6 ppm. 

Fig. 5 -The adhesion strength upon bonding porous poly(trimethylene carbonate) (PTMC) membranes obtained by photo-cross-linking and subsequent salt leaching to a) porous PTMC scaffolds prepared by stereolithography (SLA) (left), and b) to annulus fibrosus (AF) tissue (right) using different polyethylene glycol-trimethylene carbonate (PEG-(TMC x -NCO)2) glues. Data are presented as mean values ± standard deviations (whiskers).

Upon subsequent functionalization with butane diisocyanate, FTIR analysis demonstrated the presence of urethane bonds and free isocyanate groups. In Figure 4 the FTIR spectra of PEG-(TMC 4 ) 2 and the corresponding NCO functionalized compound (see Fig. 1 for the reaction scheme) are presented. Characteristic absorption peaks can be identified at 3,500 cm -1 (O-H stretching), 2,850-2,994 cm -1 (C-H stretching) and at 1,450 cm -1 (C-H bending). The peaks at 1,707-1,770 cm -1 are due to the carbonyl groups of TMC units. In the correspond-ing diisocyanate-terminated oligomer, 2 characteristics peaks at 3,226-3,448 cm -1 (N-H) and at 2,235-2,303 cm -1 (NCO) are obvious.

NCO) 2 glues required overnight incubation in a moist environment to reach efficacious results.

Figure 5a shows the strength of the adhesive bond between PTMC scaffolds and the porous PTMC membranes. It is clear that the Dermabond has very efficiently fixed the porous membrane to the scaffold. In the test, the membrane failed at a stress of 80 kPa. Fibrin glue on the other hand gave very poor bonding strengths of only approximately 10 kPa. The adhesion strength values determined using the different PEG-(TMC x -NCO) 2 glues were found to be much better, with adhesive strength values of 20 to 50 kPa. At this point, the figure does not show a clear effect of the TMC block length in the PEG-(TMC -NCO)

x 2

glues on adhesive strength.

Evaluation of adhesive properties of PEG-(TMC-NCO) 2

To investigate the performance of the PEG-(TMC-NCO) 2 adhesives, the adhesive strength upon bonding the porous PTMC membranes to the photo-cross-linked PTMC structures prepared by SLA and to caudal AF tissue was determined in tensile lap-shear tests. Comparisons with commercially available tissue glues (Dermabond ® and fibrin glue) were made as well. While these glues rapidly reached their highest bonding strengths, PEG-(TMC x -In Figure 5b the strength of the adhesion of the porous PTMC membrane to AF tissue is presented for the different glues. Here too the commercial glues were compared with the PEG-TMC diisocyanate glues we developed, and the same trends as before were observed. In gluing the membrane to the caudal AF tissue, Dermabond gave the strongest bond, while the different PEG-(TMC x -NCO) 2 adhesives were much stronger than the fibrin glue. In all the cases, the failure occurred in the cured glue at the interface without rupture of the tissue or the porous PTMC membranes. 

DISCuSSION

Here we describe a new method with which the function of a damaged intervertebral disc can be restored and the AF tissue can be repaired or regenerated. A degradable and resorbable biomedical device is prepared that is composed of an AF tissue engineering scaffold, a porous membrane and a glue that allows the regeneration of the tissue and at the same time prevents extrusion of a NP implant and/or the AF tissue engineering scaffold itself. Our focus is on the synthesis of materials and on the manufacturing of the implant device.

Previous studies on PTMC networks prepared by SLA showed that the molecular weight of the PTMC macromers used in the photo-cross-linking process had an important effect on the mechanical properties of the networks [START_REF] Schuller-Ravoo | Preparation of flexible and elastic poly(trimethylene carbonate) structures by stereolithography[END_REF]. Based on these results, we prepared our scaffolding structures by SLA using PTMC macromers with an intermediate molecular weight of 5,000 g/ mol. This allows the formulation of suitable resins with small amounts of diluents and materials with good mechanical properties after photo-cross-linking. As Table I shows, the mechanical properties of the structures built were excellent. These highly elastic and flexible scaffolds may be well suited for the regeneration of soft tissues such as AF tissue. Although scaffolds with a great variety of pore architectures could have been prepared, we chose a pore structure with a gyroid architecture, because this pore structure was shown to be quite efficient in the seeding and subsequent proliferation of cells [START_REF] Melchels | A poly(D,L-lactide) resin for the preparation of tissue engineering scaffolds by stereolithography[END_REF]. The properties of PTMC networks and the favorable cell culturing behavior of the pore architectures of the scaffolds should promote efficient AF tissue regeneration.

In preparing the porous PTMC membranes by photocross-linking and subsequent salt leaching, a low diluent concentration and a low viscosity of the reaction mixture is not as critical as is the case with SLA. Therefore linear macromers of a much higher molecular weight of 30 kg/mol were used. To close the defect, these porous PTMC membranes are to be attached to the AF tissue engineering scaffold and to the AF tissue as well. Gluing has been proposed in the literature as an alternative to suturing. Also in tissue engineering, problems related to suturing, such as accessibility of the surgical site, damage to the tissue and reduction of its mechanical properties, can be circumvented when a (resorbable) glue is used to fix a scaffold to tissue [START_REF] Testini | A single-surgeon randomized trial comparing sutures, N-butyl-2-cyanoacrylate and human fibrin glue for mesh fixation during primary inguinal hernia repair[END_REF][START_REF] Bron | Repair, regenerative and supportive therapies of the annulus fibrosus: achievements and challenges[END_REF]. The porosity of the membrane will allow mechanical interlocking upon solidification of the glue, allow ingrowth of cells and facilitate the exchange of nutrients. The high flexibility and elasticity and creep resistance of the photocross-linked PTMC membranes can be of importance in accommodating the different shearing strains and stresses that the intervertebral disc and the AF are subjected to.

Like others, we have used tensile lap-shear tests to assess the adhesive strength of the different glues. In accordance with reports in the literature [START_REF] Esposito | Current indications for laparoscopy and retroperitoneoscopy in pediatric urology[END_REF], the highest adhesive strengths to the substrates were obtained with Dermabond, a commercially available cyanoacrylatebased glue. However, there are several important drawbacks associated with this adhesive. Although very rapid curing of the cyanoacrylate takes place upon contact with the different substrates, the glue in its cured form is very rigid and unyielding [START_REF] Bastiaanse | Arteriotomy closure by glued patch in the porcine carotid artery[END_REF]. Upon gluing, the PTMC scaffold and porous membrane lose their flexibility. Besides this, formaldehyde is one of the degradation products of cyanoacrylate glues and although they are in use for specific applications there are important concerns regarding possible cytotoxicity of these materials [START_REF] Toriumi | Histotoxicity of cyanoacrylate tissue adhesives: a comparative study[END_REF]. This makes these glues less desirable for our applications. Fibrin glue is commercially available too. This glue is a hydrogel and forms a much more flexible bond than the cyanoacrylate glues. However, in agreement with conclusions reached in the literature [START_REF] Spotnitz | Fibrin sealant tissue adhesive: review and update[END_REF][START_REF] Sierra | Failure characteristics of multiple-component fibrin-based adhesives[END_REF], we found that when this adhesive is used to attach the porous PTMC membrane to the scaffold or to AF tissue, the bonding strength was quite low. Indeed, it was found that it was not possible to satisfactorily seal an AF lesion with fibrin glue [START_REF] Heuer | Biomechanical evaluation of conventional anulus fibrosus closure methods required for nucleus replacement: laboratory investigation[END_REF][START_REF] Schek | Genipin-crosslinked fibrin hydrogels as a potential adhesive to augment intervertebral disc annulus repair[END_REF].

We prepared a new adhesive material based on TMC-PEG-TMC triblock copolymers that were functionalized with isocyanate endgroups. Variation of the TMC to PEG ratio will allow optimization of the wetting behavior of the glue (while PEG segments are hydrophilic, the PTMC segments are hydrophobic). The isocyanate endgroups can react with amine, thiol and hydroxyl groups of proteins present in the tissue and will allow covalent bonding of the glue to the tissue. In the presence of water, cross-linkages can be formed, and the glue can foam. Such a system can be very useful in the development of a much-needed flexible, tough biocompatible and biodegradable adhesive. In comparison with other synthetic glues that have been developed [START_REF] Kull | Glubran2 surgical glue: in vitro evaluation of adhesive and mechanical properties[END_REF][START_REF] Serrero | Polysaccharide-based adhesive for biomedical applications: correlation between rheological behavior and adhesion[END_REF][START_REF] Burke | Thermal gelation and tissue adhesion of biomimetic hydrogels[END_REF], our results show that the different PEG-(TMC x -NCO) 2 adhesives formed stronger adhesive bonds. The adhesive shear strengths we determined with these flexible glues were somewhat lower than, but of the same order of magnitude as, Dermabond.

CONCLuSIONS

We have developed a biodegradable PTMC annulus fibrosus closure device that combines a tissue engineering scaffold that can promote the regeneration of AF tissue, with a porous membrane that keeps the scaffold and a nucleus pulposus implant in place. A biodegradable glue based on isocyanate-functionalized PEG-TMC triblock copolymers was developed to fix the membrane to the scaffold and to the tissue. Future in vitro and in vivo work will prove the suitability of the glues in attaching the device components to the tissue and the suitability of the scaffolding structure to allow the regeneration of AF tissue.

Fig. 2 -

 2 Fig. 2 -Lap-shear geometries used to determine the adhesive strengths of polyethylene glycol-trimethylene carbonate (PEG-TMC)-based diisocyanate glues when: a) gluing porous membranes to poly(trimethylene carbonate) (PTMC) scaffolds, b) gluing porous PTMC membranes to annulus fibrosus (AF) tissue. The arrows indicate the testing direction.
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 1 Fig. 1 -Synthesis of polyethylene glycol-trimethylene carbonate (PEG-(TMC x )2) oligomers and their corresponding isocyanate-terminated adhesives.

Fig. 3 -

 3 Fig. 3 -Images of the prepared porous p o l y(t r i m e t h y l en e carbonate) (PTMC) network structures. a) Photographic image of a PTMC scaffold prepared by stereolithography (SLA) with gyroid pore network architectures, b) scanning electron microscopy (SEM) image of the scaffolds prepared by SLA, c) photographic image of a porous PTMC membrane prepared by photo-cross-linking and salt leaching, and d) SEM image of the porous PTMC membrane.

Fig 4 -

 4 Fig 4 -Fourier transform infrared (FTIR) spectra of a polyethylene glycol-trimethylene carbonate (PEG-(TMC4)2) triblock copolymer and the corresponding NCO-terminated adhesive.

TABLE I -

 I PROPERTIES OF PTMC SCAFFOLDS PREPARED BY SLA

	Macromer MW (g/mol)	Porosity*	Pore size*	E-Modulus (kPa)	s max	† (MPa)	e max	† (%)
		(%)	(µm)					
	5,000	71	450	28 ± 3.1	>6.9	>80

MW = molecular weight; PTMC = poly(trimethylene carbonate); SLA = stereolithography. *Determined by micro-computed tomography analysis. † Experiment stopped, as the experimental deformation limits had been reached. The scaffolds were not damaged, and they recovered elastically.

TABLE II -

 II PROPERTIES OF POROUS PTMC MEMBRANES OBTAINED BY SALT LEACHING AFTER PHOTO-CROSS-LINKING

	Macromer MW (g/mol)	Porosity*	Pore size*	E-Modulus (kPa)	σ max (MPa)	e max (%)
		(%)	(µm)			
	30,000	70	100-200	390 ± 93	1.18 ± 0.2	884.5 ± 18.3

MW = molecular weight; PTMC = poly(trimethylene carbonate). *Based on the amount and size of salt particles added.
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