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Property SF microparticle 
scaffold 

Mandalet al. 2012 
 

Aket al. 2012 
 

Method of 
preparation  

SF micro-particles 
fused using aq. SF 
solution  
 

Salt leaching using SF: 
HFIP solutions with 
reinforcing SF 
microfibers  

Gelation reaction of 
frozen SF solutions 

Pore size (µm)  50 - 500  
 

500 - 600  
 

10 - 30  
 

Porosity (%) 40 - 60 %  
 

69 – 90 %  
 

90 %  
 

Dry Compression 
modulus (MPa)  

60 - 100  
 

Not reported  
 

2 - 48  
 

Wet Compression 
modulus (MPa) 

0.1 - 30  
 

0.1 - 12  
 

Not reported  
 

Bioresorption  Tunable (invivo 
few months to 2 
years)  
 

Not reported  
 

Not reported 
 

Scanning Electron 
Microscopy 
images 

   
	

ESI Figure S1: Comparison properties of our newly developed SF microparticle scaffold with other 
reported silk scaffolds	

300µm 

approach in engineering to enhance composite strength and has
been reported for silk (14, 16, 36, 37).

Following testing in a hydrated state, acellular scaffolds of 1∶3
ratios were found to be 4–5 times the modulus when compared
to the 1∶1 scaffolds (Fig. 2B). Due to higher fiber density in the
1∶3 ratio, the modulus of the scaffolds with larger microfibers
increased from 0.90! 0.11 to 10.64! 2.46 MPa (**P ≤ 0.01).

Similarly for scaffolds containing the medium and small microfi-
bers, the values were enhanced from 3.62! 0.65 and 1.86! 0.21
to 9.79! 3.05 and 5.42! 1.18 MPa, respectively (**P ≤ 0.01).
An approximate increase of 9.70, 6.10, and 3.50 MPa, respec-
tively, for scaffolds reinforced with large, medium, and small
microfibers (Fig. 2B). In comparison, control HFIP-silk scaffolds
showed much lower modulus of 85.06! 32.62 kPa (" " P ≤
0.01). Because of the strong protein-protein cohesive bonding,
higher compressive modulus values were achieved in fiber-
bonded scaffolds (acellular) when compared to control HFIP-silk
scaffolds (50–100-fold increase) (Fig. 2B). Interestingly, differ-
ences in compressive properties were observed with the different
sized microfibers as well as the change silk-fiber content (Fig. 2B).
Understandably, higher fiber amounts (1∶1 vs. 1∶3 ratios) led to
greater packing density, yielding stronger composites with higher
mechanical properties (14, 16). However, using a similar fiber
content (1∶3 ratio), comparable high compressive values were
obtained for scaffolds with the larger and medium fibers, in
the range of approximately 10 MPa in the hydrated state (these
values represent the strongest silk scaffolds to date), possibly due
to the improved bonding of microfibers to the matrix as observed
from SEM (Fig. 3). Further, these longer microfibers possibly
help to bind better to the silk matrix by partial dissolution in
the presence of HFIP (14). This binding in turn will help with
more effective transfer of load during compression from the
matrix to the reinforcement and help eliminate stress buildup,
resulting in increased toughness and strength (16, 38). In compar-
ison, smaller microfibers (with similar fiber content of 1∶3) due
to their short sizes, fail to make a larger connected composite
mat, resulting in ineffective transfer of load during compression,
and yielding lower compressive values (Fig. 3).

Studies using partially dissolved polyphosphazene have shown
a similar effect after binding to nano-hydroxyapatite forming
stronger reinforced scaffolds (39). Our results are in line with
previous silk reinforcement studies using 1–5 μm silk particles
obtained through milling, yielding compressive values of approxi-
mately 2.8 MPa under hydrated conditions (one-fourth of our

Fig. 3. SEM images showing silk scaffold characteristics including pore size,
microfiber bonding, porosity, and surface roughness. Inset shows fabricated
scaffold used for cell culture. (Scale bar, 200 μm.)

Fig. 2. (A) Varied lengths of silk microfibers obtained after alkali hydrolysis, (B) compressive modulus of silk microfiber-reinforced scaffolds of ratios 1∶1
and 1∶3, before and after cell culture (28 d), (C) ALP activity of seeded hMSCs under differentiating conditions on silk microfiber-reinforced scaffolds,
and (D) cell proliferation showing normalized values of cell growth within silk scaffolds over a period of 4 wk. (Scale bar, 200 μm.) Data represents mean!
standard deviation (n ¼ 5), where **P ≤ 0.01 and *P ≤ 0.05.
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Yfreeze-drying of the cryogels and hydrogels under identical
conditions. Typical images of equilibrium swollen and freeze-
dried cryogels and hydrogels formed at Tprep = −18 and 50 °C,
respectively, are shown in Figure 4. The hydrogel samples were
transparent (>0.10% TEMED) or translucent, indicating the
existence of scattering centers for light, while all the cryogels
had an opaque white color. After freeze-drying, scaffolds

derived from the cryogels retained their original shape while a
lateral distortion in the cylindrical shape of the hydrogel
scaffolds was observed. SEM images of these samples after
freeze-drying (far right in Figure 4) also show that the
cylindrical shape of the hydrogel scaffold is partially destroyed
due to the weak network structure. In contrast, cryogel scaffolds
were mechanically stable and consisted of regular pores of sizes

Figure 4. Images of the cryogel (up) and hydrogel samples (down) formed at −18 and 50 °C, respectively, in swollen and dry states. CSF = 4.2 wt %;
EGDE = 20 mmol/g; and TEMED = 0.10%. The scaling bars of SEM images (far right) are 1 mm, while the bar of the inset is 20 μm.

Figure 5. SEM images of fibroin scaffolds formed at −18 °C. TEMED = 0.10 (A), 0.33 (B), and 0.50% (C); CSF = 4.2 wt %; EGDE = 20 mmol/g;
and scaling bars = 10 μm.

Figure 6. SEM images of cryogel networks formed at various temperatures, EGDE, and fibroin concentrations; see Table 1 for the synthesis
parameters. Scaling bars = 100 μm (first and second rows) and 10 μm (bottom row).
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ESI Figure S2: Standard calibration curve for Alkaline Phosphatase Assay 

 

 

ESI Figure S3: Standard Calibration curve for Ca estimation by O-cresolphthalein 
complexone colorimetric assay 
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ESI Figure S4: Live/Dead images of AO channel; Elongated MG 63 cell morphology on 3rd day of 
seeding with modified scaffold (Scale bar – 20 µm) 

 

 

ESI Figure S5: CS-SF scaffold - Actin cytoskeleton staining of MG63 cells with alexa fluor 
phalloidin 488 and nucleus were counter stained with DAPI 



 

ESI Figure S6:Calcium deposition of MG63 cells after 7 days. 

 


