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Statement of Purpose 
A number of patients experience sensitivity due to 
whitening agents; however, it is unclear if this 
phenomenon is due to actual changes in the tooth material 
or just aggravation of the nerves.  During restoration of 
teeth due to caries, most procedures include an etching 
step.  This is to increase bonding by increasing the 
roughness of the tooth surface.  The interface between the 
filling (the restorative material) and the remaining tooth 
fails commonly within five to ten years.  Other effects, 
including alteration of mechanical properties due to these 
roughening procedures, however, are usually not reported. 
This study was designed to determine the effects of 
common clinical whitening agents and etchants on the 
surface roughness, elastic modulus, and hardness of 
human teeth.  Significant changes of these could lead to 
increased cracking within the natural tooth material.  

Methods 
Teeth were received from the Medical University of South 
Carolina (MUSC) and stored in Hanks Balanced Salt 
Solution (HBSS).  Prior to testing, teeth surfaces (enamel) 
were treated with various common clinical agents as per 
their manufacturer recommendations. When needed for 
testing, the teeth were embedded in Caroplastic, a non-
infiltrating polymer.  They were then sliced longitudinally 
to expose the dentinoenamel junction (DEJ) and polished 
to 0.05 micron with alumina slurry.   
The teeth samples (n=3) were sliced in half for a total of 
three samples sets.  The sample sets were used to show the 
difference after Crest Whitestrips�, Opalescence�, and 
etching with 35% phosphoric acid, respectively.  The 
RMS roughness after treatment was determined by atomic 
force microscopy and the elastic modulus and hardness 
values were determined by quasi-static nanoindentation 
across the DEJ using a two micron, 60 degree conical tip.  
In addition, backscatter scanning electron microscopy 
(SEM) was used to look at dentin tubule disturbance due 
to preparation.  Fluorescent microscopy was used to 
observe autofluorescent changes, which tend to reveal 
protein content in the matrix, after treatment.   

Results 
RMS roughness of enamel increased from 12.97±7.34nm 
to 342.92±106.95nm and dentin increased from 
21.10±9.95nm to 165.99±70.86nm due to etching with 
35% phosphoric acid.  There was no significant change in 
the RMS roughness of enamel or dentin due to the 
whitening treatments. 

Initial results from mechanical tests showed significant 
differences in elastic modulus and hardness, respectively, 

between dentin (31.63±6.58GPa, 0.99±0.30GPa) and 
enamel (111.70±16.02GPa, 3.18±0.38GPa) on untreated 
teeth.  Figure 2 shows representative load displacement 
curves of these tissues, with the enamel being much 
stiffer.   
The elastic modulus and hardness of teeth treated with 
Crest Whitestrips™ were 30.51±1.86GPa/0.94±0.08GPa 
for dentin and 122.89±6.21GPa/5.36±0.43GPa for enamel.  
The elastic modulus and hardness of teeth treated with 
Opalescence™ were 30.71±1.62GPa/0.75±0.12GPa for 
dentin and 102.86±11.19GPa/4.29±0.09GPa for enamel.  
The elastic modulus and hardness of teeth treated with 
35% phosphoric acid were 31.37±10.53GPa/1.48±0.9GPa 
for dentin and 103.81±0.29GPa/3.82±0.38GPa for enamel. 

Conclusions 
Phosphoric acid etching significantly increases the RMS 
roughness of teeth (*Paired Student’s t test, p<<<0.01) 
The Crest Whitestrips™ increased both the elastic 
modulus and hardness of dentin and enamel (*p < 0.05).  
Opalescence™ decreased the hardness of dentin (*p < 
0.05), but had no significant effect on enamel (*p > 0.05). 
Both whitening treatments contain fluoride, which may 
offset some of the effects of the peroxide. Finally, etching 
with 35% phosphoric acid significantly decreased both the 
modulus and hardness of enamel (*p < 0.05). This may 
indicate that phosphoric acid did not penetrated to the 
dentin fully. Future studies will involve a more detailed 
background on the teeth, an increased number of samples 
of similar origins, increased number of whitening 
treatments, and studies on chemical composition of the 
teeth.

References: 
Hairul Nizam, et al.  Journal of Biomechanics.  2005 
Habelitz, et al.  Journal of Biomechanics.  2002 
Habelitz, et al.  Archives of Oral Biology.  2001 
Marshall, et al.  Journal of Biomedical Materials Research 
part A.  2000  
Zhou, J and L. Hsiung.  Journal of Biomedical Materials 
Research part A.  2006 
Park, et al.  Journal of Material Science:  Materials in 
Medicine.  2007 
Swift Jr., Edward J.  Critical Appraisal.  2007 

Acknowledgement: Funding was provided by NASA, SC 
Space Grant Consortium.

Figure 1:  AFM 
image of enamel 
after etching 

Figure 2:  Indentation 
of enamel vs. dentin 
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Figure 3:  SEM of 
enamel and dentin 
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