
Water absorption and wetting properties of dentin adhesives with a urethane-based branched methacrylate 
P Spencer1,2, Q Ye, JG Park, EM Topp, X Yao, EL Nalvarte, Y Wang, BS Bohaty, A Misra,  

1University of Kansas, Department of Mechanical Engineering, 2Bioengineering Research Center, 3Departmenr of Civil 
Engineering, 4Department of Pharmaceutical Chemistry, Lawrence, KS, USA 

5 University of Missouri-Kansas City, School of Pharmacy, 6Department of Oral Biology, Kansas City, MO, USA 
 

Statement of Purpose:  Photopolymerizable 
methacrylate polymers are used as dentin adhesives, 
materials that bond a composite resin to the tooth 
structure.  Clinically, dentin adhesives are placed on the 
moist dentin surface and subsequently light-cured. 
Residual water on the dentin surface may dilute the 
adhesive monomers prior to polymerization, possibly 
influencing the formation of the polymer network and the 
resulting mechanical properties. Because of its small size, 
water is expected to penetrate into nano/micrometer-size 
free volume spaces between polymer chains or cluster 
around functional groups that are capable of hydrogen 
bonding, this behavior may alter mechanical properties 
observed at the macro scale. The twofold objective of this 
work was to develop new methacrylate-based dentin 
adhesives containing a multifunctional methacrylate-
based monomer with a branched side chain and to 
determine under clinically relevant conditions, the 
mechanical properties, adhesive penetration and 
polymerization reactivity.   

Methods:  The new monomer, MPE, was synthesized by 
the reaction of 1,1,1-tris(4-hydroxyphenyl)ethane and 2-
isocyantoethyl methacrylate (Fig. 1). The experimental 
adhesives were composed of 2-hydroxyethylmethacrylate 
(HEMA), 2.2-bis[4-92-hydroxy-3-methacryloxypropoxy) 
phenyl}-propane (BisGMA) and MPE at 
HEMA/BisGMA/MPE=45/30/25 w/w ratio. The control 
adhesives consisted of HEMA and BisGMA with a mass 
ratio of 45/55.  Camphorquinone (CQ) and ethyl-4-
(dimethylamino)benzoate (EDMAB) were used as 
photoinitiator system. The experimental (A0T, A8T, 
A16T) and control (A0, A8, A16) adhesives were 
formulated with H2O (wt%) at: 0, 8  and 16%. 
Rectangular beam specimens (1x1x11mm^3) were 
prepared with a visible curing light and used for the 
determination of glass transition temperature (Tg), degree 
of conversion (DC) and mechanical properties. Tensile 
properties were determined for all samples after either 
24h storage-in-air at room temperature or after storage for 
24h in distilled deionized water (n = 5). The ultimate 
tensile strength (UTS, MPa) is the maximum resistance to 
fracture, and was measured from the maximum force at 
the point of failure divided by the specimen cross-
sectional area. Results analyzed statistically using 
ANOVA (p < 0.05). 

Results:  There was no significant difference in the DC 
between control and experimental adhesives, suggesting 
that the experimental adhesives reach DC comparable to 
that of the control, regardless of the presence or absence 
of water. However, there were substantial differences in 
the water absorbance and mechanical properties. The 
ultimate tensile strength (UTS) value of all the samples 

was in the range of 32.4 – 49.0 MPa. UTS values for 
control adhesives (A0, A8 and A16) stored in water were 
significantly lower (P<0.05) than for samples stored in 
air. However, experimental adhesives (A0T, A8T and 
A16T) showed similar UTS values regardless of the 
presence of water and storage conditions (Fig. 2). 
 
 
  
 
 
 
 
 
 
 
 
Fig. 1. Molecular structure of 1,1,1-tri-[4-
(methacryloxyethylamino-carbonyloxy)-phenyl]ethane 
(MPE). 
 
 

 
Figure 2. Ultimate tensile strength of control and 
experimental adhesives cured in clinically relevant moist 
conditions. A0, A8, A16: control formulations;  A0T, 
A8T, A16T: experimental formulations. 
 
Conclusions: In control samples containing more 
hydroxyl groups, hydrogen bonding between water 
molecules and the hydroxyl groups of the polymer 
network may disrupt the interchain hydrogen bonds, with 
adverse effects on mechanical properties. The 
experimental adhesives that include a new monomer with 
branched linkage showed mechanical properties 
comparable or superior to the control.  Interestingly, the 
mechanical properties of the experimental adhesive were 
not influenced by the presence of water in the adhesive 
formulation, while controls showed a reduction in 
mechanical properties when cured in the presence of 
water.  These results suggest less water uptake of the 
adhesive formulated with the new monomer and prepared 
under wet conditions that simulate the oral environment.     
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