Custom-made Poly(urethane) Coatings Improve the
Mechanical Properties of Bioactive Glass Scaffolds
Designed for Bone Tissue Engineering
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1. Poly(urethane) Synthesis
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Figure S1. Chemical structures of the reagents used for poly(urethane) synthesis.
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Figure S2. Scheme of the protocol adopted for poly(urethane urea) synthesis. The macrodiol (PCL diol or a mixture of PCL
diol and PEG) was reacted with the diisocyanate HDI (2:1 molar ratio with respect to the macrodiol) in the presence of the
catalyst DBTDL at 80 °C for 2.5 hours. Then the chain extender (L-Lysine ethyl ester dihydrochloride neutralized with
triethylamine, chain extender at 1:1 molar ratio with respect to the macrodiol) was added and the chain extension reaction
occurred at room temperature for 16 hours.

2. Preparation Protocol of Simulated Body Fluid (SBF)

Simulated body fluid (SBF) was prepared according to the protocol developed by Kokubo et al. [1]. Briefly, to
prepare 1000 mL of SBF, 700 mL of double demineralized water (ddH20) were first heated at 36.5+ 1.5 °Cin a
plastic bottle. Then, the following chemicals were required: sodium chloride (NaCl), sodium hydrogen
carbonate (NaHCOs3), potassium chloride (KCl), di-potassium hydrogen phosphate trihydrate (K2PO4+3H:0),
magnesium chloride hexahydrate (MgCl>-6H20), calcium chloride dihydrate (CaCl2-2H20), sodium sulfate
(Na25S04), tris-hydroxymethyl aminomethane (HOCH2)sCNHz) (Tris) and 1.0 M hydrochloric acid (IM-HCI).
Chemicals were added according to the order and in the amounts reported in Supplementary Table S1.
Initially, the first 7 chemicals were dissolved; then ddH:0 was raised up to 900 mL and Tris was added slowly
spoon by spoon avoiding pH increase at values higher than 7.45. Every time the pH reached 7.45, IM-HCl was
added to decrease it to 7.42 + 0.01. Tris and 1M-HCl were thus added alternately to control the pH until the
total amount of Tris was dissolved. Then, the pH was adjusted at 7.40 while keeping the solution at 36.5 °C
and ddH20 was added up to 1000 mL volume. Finally, the SBF solution was equilibrated at room temperature
and stored at 4 °C. SBF was again equilibrated at 37 °C before use in the bioactivity tests.

Table S1. Reagents required to prepare 1000 mL of SBF

Order Chemical Amount Purity (%) Supplier

1 NaCl 7.9948¢g 100 VWR Chemicals, Germany
2 NaHCOs 03532 ¢ 100 Sigma Aldrich, Germany
3 KCl 0.225¢g 99.5 Merck KGaA, Germany
4 K2PO4-3H20 0231g 99.0 Sigma Aldrich, Japan

5 MgCl2-6H20 0.3048 g 100 Sigma Aldrich, Japan

6 IM-HCl 39 mL VWR Chemicals, France
7 CaCl2:2H:=0 0.3638 g 100 VWR Chemicals, France
8 Naz2S0s4 0.0719¢g 99.2 VWR Chemicals, France
9 Tris 6.0568 g 100 VWR Chemicals, Belgium
10 IM-HC1 VWR Chemicals, France




3. Poly(urethane) Characterization

3.1. Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) Spectroscopy
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Figure S3. ATR-FTIR spectra of (from top to bottom) PCL diol (black, continuous line), KHC2000 (black, dashed line),
KHC2000E2000 (black, dashed-dotted line) and PEG (black, dotted line). The characteristic peaks of newly formed

urethane/urea bonds, PCL and PEG are highlighted.

3.2. Contact Angle Measurements
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Figure S4. Profile of a water drop deposited on KHC2000 and KHC2000E2000 films at different time points (immediately
after deposition and 1, 3 and 5 minutes after deposition).



3.3. Size Exclusion Chromatography (SEC)
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Figure S5. Normalized RID signal as a function of retention time for KHC2000, KHC2000E2000 and PCL at different time
points registered during hydrolytic (A) and enzymatic (B) degradation at 37 °C.



4. Scaffold Characterization

4.1. Scaffold Pore Size
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Figure S6. Pore size distribution in a pure BG scaffold.

4.2. Bioactivity Tests on BG Scaffolds

Supplementary Figure S7A reports an overall view of the modifications of BG ATR-FTIR spectrum with
increasing incubation time in SBF. In the spectrum of native BG (0d), the peak in the range 1100-1000 cm™ can
be ascribed to the concomitant P=O and Si-O-Si asymmetric stretching [2], meanwhile the Si-O bond (non-
bridging oxygen) shows absorption at 915 cm!. The other BG characteristic peaks appear at 438 cm™ due to
the Si-O-Si bending vibration, and at 619, 575 and 521 cm™ attributed to P-O bending that suggests the presence
of a calcium phosphate phase [3]. Soaking the samples in SBF led to the appearance of new peaks which can
be ascribed to the growing of a HCA layer: after 3 days incubation in SBF, a new peak at ca. 800 cm™ appeared
(5i-O-Si stretching vibration) as a consequence of the formation of a silica rich layer [4]. Furthermore, COs*
groups in the carbonate HA layer generated a peak at 1418 cm™ due to C=O stretching. The double peak at ca.
570 cm can be ascribed to P-O bending vibration indicating the crystallization of calcium phosphate into HCA
[5]. In addition, the peak due to Si-O stretching progressively disappeared and the residual peak at 1100 cm!
resulted only from P=O stretching. Moreover, also the peaks in the region 619-575 cm™ due to P-O bending
vibration gradually disappeared proving the dynamical transformation of the surface and its degradation.
Finally, the peak at 438 cm™ was slightly shifted probably because of the variation of ionic concentration [4].
Figure S7B reports the XRD spectra of uncoated BG scaffolds upon immersion in SBF for 0, 1, 3, 7, 14, and 21
days. XRD spectrum of native BG (0d) exhibited the major peaks at 20°, 24°, 27°, 34°, 49°, and 60°. As expected,
the sintering process of 4555 Bioglass® scaffolds led to the formation of Na2Ca:5isOpy (i.e., combeite) as main
crystalline phase [6]. Moreover, XRD analyses performed upon sample soaking in SBF confirmed that the HA
layer visible in SEM images (Figure 9A of the manuscript) was not only composed of amorphous calcium
phosphate, but also of crystalline hydroxyapatite. During immersion in SBF, the characteristic peaks of
combeite gradually disappeared, meanwhile a new peak at 20=32° became narrow. Finally, after 21 days of
immersion in SBF, the XRD spectrum of BG scaffold reported the typical trend of an amorphous phase, with
the addition of two peaks at 26° and 32° that are related to the deposition of crystalline hydroxyapatite [7].
Hence, in addition to the deposition of crystalline HA, a decrease in crystallinity occurred during incubation
in SBF as a consequence of combeite progressive degradation [6].
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Figure S7. ATR-FTIR (A) and XRD (B) spectra of 4555 Bioglass®-based scaffold after immersion in SBF for different time
intervals (0, 1, 3, 7, 14, and 21 days).
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