
Physical Characterization of Macroporous Cyclic Acetal Hydrogels for Orbital Floor Regeneration 
Martha W. Betz, William J. Richbourg, Andrew Paek, Yu Chen, and John P. Fisher. 
Fischell Department of Bioengineering, University of Maryland, College Park, MD;  

 
Statement of Purpose: This work investigates a cyclic 
acetal hydrogel construct for orbital floor regeneration.  
Cyclic acetal biomaterials may be preferred as they 
hydrolytically degrade to form diol and carbonyl primary 
degradation products, which should not affect the local 
acidity of the implant or phenotypic function of a 
delivered cell population.  Specifically, EH-PEG 
hydrogels composed of the cyclic acetal monomer 5-
ethyl-5-(hydroxymethyl)-β,β-dimethyl-1,3-dioxane-2-
ethanol diacrylate (EHD) and hydrophilic poly(ethylene 
glycol) diacrylate (PEGDA) were investigated. 
     Previous work has demonstrated that EH-PEG 
hydrogels support long term viability of encapsulated 
bone marrow stromal cells1.  In addition, EH-PEG 
hydrogels were able to deliver bone morphogenetic 
protein-2 (BMP-2) in an orbital floor defect model 
supporting new bone growth while demonstrating 
minimal inflammatory response to surrounding tissue2.  
Further preliminary work has shown increased osteogenic 
signaling in EH-PEG hydrogels as measured by BMP-2, 
BMP-Receptor1, and BMP-Receptor2 expression. 
     This study investigates the physical properties of EH-
PEG hydrogels for orbital floor repair.  Specifically the 
mechanical properties were tested using three-point 
bending to emulate the physiological conditions in the 
orbital floor.  In addition, the porosity, pore size and 
interconnectivity of EH-PEG hydrogels were 
characterized using optical coherence tomography (OCT).   
OCT is a noninvasive high-resolution imaging technique 
that relies on differences in optical scattering to provide 
image contrast.  These abilities of OCT make it an ideal 
new technique for analyzing hydrogels without altering 
the properties of the construct.  Lastly, OCT was 
combined with confocal microscopy to demonstrate cell 
viability and placement throughout the scaffold.   
 
Methods: Porous EH-PEG constructs were crosslinked 
using ammonium persulfate and N,N,N’,N’-
tetramethylethylenediamine at 15 mM using a sodium 
chloride-leaching technique.  A saturated salt solution was 
used as the water component of the gel to prevent the 
sodium chloride crystals from dissolving into the gel 
solution.  The constructs were prepared using EHD and 
PEGDA Mn~ 700 at a 1:10 molar EHD to PEGDA with 
30 wt% initial monomer components.  Sodium chloride 
was leached out over 2 days in water.  
     For mechanical testing, a tri-layer scaffold was 
developed with a porous layer of EHD as the central layer 
and EH-PEG hydrogel on the outer layers.  Scaffolds 
were prepared with increasing porosity: 0, 65, 70, and 
75% with pore sizes of 100 and 250 µm.  An Instron 5565 
mechanical tester was used to test the scaffolds in three-
point bending for ultimate load, stress, and strain. 
     Next, optical coherence tomography was used to 
analyze pore size, porosity, and interconnectivity of EH-

PEG hydrogels.  Hydrogels with porosities and pore sizes 
of 100µm (65%), 100µm (70%), 250µm (70%), 250µm 
(75%) were created as described above.  Last, 
mesenchymal stem cells were loaded onto the scaffolds 
and cultured for 12 days.  Throughout the study they were 
imaged with OCT and confocal microscopy to determine 
cell viability throughout the scaffold using the 
LIVE/DEAD assay. 
 
Results: First, tri-layer scaffolds were analyzed using 
three-point bending.  Preliminary results demonstrate 
increased strength with lower porosity.  Next, EH-PEG 
hydrogels were analyzed using OCT. 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Three-dimensional cross section of 250µm 

(75%) EH-PEG hydrogel analyzed by OCT 
 

Images from OCT analysis demonstrate the ability of 
OCT to be used for characterizing tissue engineering 
scaffolds (Figure 1).  Specifically with EH-PEG 
hydrogels we were able to quantify pore size and porosity.  
In addition, interconnectivity of the pores was 
determined.  Lastly, OCT in combination with confocal 
microscopy was able to demonstrate the long term 
viability of mesenchymal stem cells throughout the EH-
PEG hydrogels. 
 
Conclusions:  This study demonstrates the use of 
macroporous EH-PEG hydrogels in orbital floor repair.  
Mechanical testing showed that the inclusion of an 
additional layer of EHD increases the strength of the 
construct.  Furthermore, optical coherence tomography 
was used to characterize EH-PEG hydrogels used in a 
tissue engineering application. 
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