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ABSTRACT: Purpose: To evaluate the presence and length of microcracks in resin-based materials finished with 
different techniques, using optical coherence tomography (OCT). Methods: Standardized Class V preparations 
(3×2×2mm) were made in the facial and lingual surfaces of 20 recently-extracted human third molars. 20 preparations 
were restored with a resin-based composite material (RBC; Filtek Supreme Ultra) and the other 20 with a resin-
modified glass-ionomer material (RMGI; Ketac Nano). After final polymerization, specimens were further stratified by 
finishing system: aluminum oxide discs (Sof-Lex) or spiral fluted carbide bur series (H48L). By random allocation, 
each extracted tooth therefore received one RBC and one RMGI restoration, and equal numbers of restorations from 
each material were finished using each finishing system (n= 10). After 24 hours of storage in 100% humidity at room 
temperature, the specimens were evaluated at ×20 to ×600 under environmental SEM. Cross-sectional occlusal-cervical 
B-mode images were obtained in increments of 25 mm from the mesial margin to the distal margin of the restoration
using a spectral-domain (SD) OCT system and analyzed using Image J software to identify and measure microcrack
penetration into each restoration. The total length (mm) at the point of the deepest microcrack penetration in each
specimen was recorded. Data were statistically analyzed using a t-test. Results: No microcracks were observed in the
RBC samples. However, microcrack presence was identified in all of the RMGI specimens. The t-test showed a
statistically significant difference (P< 0.05) in mean microcrack length values based on the finishing technique used for
the RMGI samples. [SofLex: 0.67 (± 0.28) mm; carbide: 1.26 (± 0.30)] mm. Two-way ANOVA showed significant
differences in the factors “finishing technique” and “restorative material” (P< 0.001). The interaction of these two
factors was also statistically significant (P< 0.001). For the tested RMGI, Tukey post-hoc test revealed that the finishing
with aluminum oxide groups resulted in statistically significant lower mean microcrack length when compared to spiral
fluted carbide burs (P< 0.001). (Am J Dent 2016;29:294-300).

CLINICAL SIGNIFICANCE: Resin-modified glass-ionomer (RMGI) is more susceptible to microcrack presence than  
resin-based composites. Also, aluminum oxide discs produced lower values of mean microcrack length than spiral 
fluted carbide burs after the finishing procedure of RMGI restorations. 
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Introduction 

 Notwithstanding the remarkable advantages presented by 
resin-based materials in restorative dentistry, mostly due to 
their esthetic attributes and conservative nature, adhesive 
restorations are technique-sensitive and their success can be 
affected by many factors. Finishing and polishing of adhesive 
restorations are critical to generate desired anatomy, proper 
occlusion, and a smooth surface texture. A lack of proper 
finishing and polishing procedures can compromise marginal 
and surface integrity, therefore leading to staining of the 
restoration, gingival irritation and recurrent caries as rough 
surfaces lead to increased biofilm accumulation.1-4 However, 
despite the unquestionable advantages of this clinical proce-
dure, finishing has been linked to increased wear and micro-
crack formation in posterior resin-based composite (RBC) 
restorations.5-7 In contrast, another study8 showed that subsur-
face defects could be eventually found in both finished and 
unfinished surfaces. However, regardless of the discussion 
about a possible role of the finishing procedure in generating 
these imperfections, microcrack formation is directly related to 
water sorption and hydrolytic degradation, therefore repre-
senting a potential factor that could negatively affect the 

mechanical properties of RBCs.9 Water sorption in resin-based 
restorative materials is regarded as a degradation process,10 
contributing to the loss of marginal integrity and surface pro-
perties.11 A shortened lifespan of resin composites may occur 
due to the expanding and plasticizing of the resin component, 
silane hydrolysis and microcrack formation.12  
 Resin-modified glass-ionomers (RMGIs) represent another 
popular type of resin-based materials, featuring improved 
physical properties and esthetic qualities over conventional 
glass-ionomers by incorporating resin monomers.13 RMGIs are 
essentially a conventional glass-ionomer with added resin, 
setting via both an acid-base reaction and a free radical poly-
merization process.14 As a result of the hydrophilic functional 
groups present in their chemical composition, RMGIs are very 
sensitive to water sorption, showing a rapid uptake of high 
amounts of water, which can lead to lower flexural strength, 
lower elastic modulus and softer surfaces when compared to 
their behavior in a dry environment.14 Furthermore, microcrack 
formation has been previously reported as the prevalent 
mechanism of long-term hydrolytic degradation in RMGIs.15 
 Even though several studies have been published reporting 
the effects of finishing and polishing procedures on the surface 
roughness of resin composites and RMGIs, not much  has  been  
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reported on internal defects caused by those procedures in 
resin-based restorations. Some studies8,16 assessed subsurface 
defects in RBMs using scanning electronic microscopy (SEM), 
but only for a superficial (shallow) depth evaluation. 
 Optical coherence tomography (OCT) is an emerging 
diagnostic tool with potential for non-invasive and non-
destructive cross-sectional imaging of dental tissues and 
adhesive restorations. OCT employs low-coherence interfero-
metry to enable high-resolution, cross-sectional imaging of the 
internal microstructure in materials and biologic systems by 
measuring backscattered or reflected light.17 Recent reports 
present OCT as a reliable imaging tool for the evaluation of 
marginal gaps in adhesive restorations,18,19 caries lesions 
detection20,21 and enamel crack evaluation.22 
 This study evaluated the microcrack presence and length in 
two types of RBCs finished with two different techniques, 
using a spectral-domain (SD) OCT system as a cross-sectional 
imaging diagnostic method. The hypotheses tested were that 
microcrack length in resin-based materials was influenced by: 
(1) the finishing technique; and (2) the restorative material. The
study also used environmental scanning electronic microscopy
(ESEM) to qualitatively perform a topographical microstructure
evaluation of the samples  surfaces.

Materials and Methods 
Specimen preparation and study design - Twenty freshly 
extracted, defect-free human third molars were collected and 
stored in 0.5% thymol for disinfection. The teeth were collected 
according to the rules for Protection of Human Research 
Sub ects established by The Office of Human Research Ethics 
of the University of North Carolina at Chapel Hill. Two 
standardized Class V preparations (3 mm × 2 mm × 2 mm; 
mesiodistally, incisogingivally, and depth wise, respectively) 
were made in each tooth, one on the facial surface and one on 
the lingual surface for a total of 40 preparations. Each prepara-
tion was done using a new No. 271 carbide bur (H26Ma) in a 
water-cooled high-speed handpiece, with the occlusal margin in 
enamel and the gingival margin in dentin.23 The dimensions of 
all preparations were verified with a digital caliper.    
 Twenty preparations were restored with a resin composite 
(Filtek Supreme Ultrab), and the other 20 with RMGI (Ketac 
Nanob). Both materials were used following manufacturers  
recommendations. For the RBC, the preparation was etched 
with 35% phosphoric acid gel (Scotchbond Etchant Plusb) for 
15 seconds and then thoroughly rinsed with water for 15 
seconds. An ethanol and water based dental adhesive (Adper 
Single Bondb) was applied on the hydrated dentin with a 
microbrush, rubbed for 15 seconds, slightly dried to evaporate 
the solvent, and then reapplied. It was light-polymerized for 20 
seconds, and the RBC was inserted in two increments; the first 
increment was placed from the axial wall to the gingival margin 
and the second increment from the first increment to the 
occlusal margin. Each increment was light-activated with a 
light-curing unit (LED Demetron A.2c) for 20 seconds. The 
average of the curing intensity of the light-curing unit was 
1,150 mW cm2.   
 The preparations restored with RMGIC were first coated 
with Ketac Nano Glass-Ionomer Primerb for 15 seconds to the 
prepared semi-dry enamel and dentin surfaces. It was slightly 
dried with  air  for  10  seconds  and  the  primed  surfaces  were  

Table 1. Finishing and polishing instruments specifications, 
____________________________________________________________________________________________________ 

Specifications ( m) 
_________________________________ 

 Groups Instruments particle size 
____________________________________________________________________________________________________ 

Sof-Lex discs Coarse 100 m  150 grit 
Medium 40 m  360 grit 
Fine 24 m  600 grit 
Extra Fine 8 m  1,200 grit 

H48 fluted carbide Fine 12 flutes blade 
finishing burs Extra Fine 20 flutes blade 

Ultra Fine 30 flutes blade 
____________________________________________________________________________________________________ 

light-polymerized for 10 seconds. The RMGI was mixed and 
dispensed using the uick Mix Capsule directly into the 
preparation, and the tip was kept immersed in the material to 
avoid air entrapment. The material was shaped anatomically 
using a Mini-3 placement instrument,d and then light-poly-
merized for 30 seconds. 

Specimen finishing and polishing - After polymerization, 
specimens were further stratified by finishing system. Alumi-
num oxide discs (Sof-Lexb) or spiral fluted carbide bur series 
(H48La) were used to finish all RBC and RMGI restorations. 
By random allocation, each extracted tooth therefore received 
one RBC and one RMGI restoration, and equal numbers of 
restorations from each material were finished with each 
finishing polishing system (n= 10). The finishing was done 
following the respective manufacturers  recommended se-
quence at a standardized force of approximately 0.15 N using a 
customized pressure abrasion device.23 The finishing sequence 
and the particle sizes (grits) are shown in Table 1 for each 
finishing system.     
Environmental scanning electron microscope evaluation - After 
the finishing procedure, all specimens were stored in a moist 
environment for 24 hours to avoid dehydration. An environ-
mental scanning electron microscope (ESEM) was used to 
qualitatively examine the topographical microstructure of 
specimen surfaces ( uanta 200 ESEMe). This microscope has 
the capability of imaging uncoated (low vacuum mode) and 
nearly wet (environmental mode) specimens, along with the 
conventional high vacuum SEM imaging. The instrument can 
be operated at variable pressure modes and hydrated specimens 
can be viewed without much preparation. It was used at the low 
vacuum mode with a 10.00 kV accelerating voltage, a working 
distance between 10-12 mm and a chamber pressure of 0.4 
Torr. The specimens were observed first at ×20 magnification 
to see the entire restoration, and then the image was increased 
to ×80 and ×600. 

Optical coherence tomography evaluation -  After the ESEM 
evaluation, imaging of the samples was performed using a 
custom, ultrahigh-resolution SD-OCT system. The SD-OCT 
system was comprised of a Ti:Sapphire laser (Griffinf) with a 
central wavelength of 800 nm and bandwidth of 125 nm, 
resolution of 3 × 12 m (axial vs. transverse, respectively), and 
a sample power between 10-15 mW. A previous study24 
described in detail the SD-OCT system used in this study. Each 
specimen was placed into the sample arm, and cross-sectional 
occlusal-cervical B-mode images were obtained in increments 
of 25 mm from the mesial margin to the distal margin of the 
restoration. The scanning beam was  oriented  at 90  degrees  to  
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Table 2. Mean microcrack length and standard deviations (n= 10) in mm, and 
the statistical significance. 
____________________________________________________________________________________________________ 

 Finishing system 
 ____________________________________________________________ 

Resin-based material Fluted carbide  Sof-Lex 
____________________________________________________________________________________________________ 

Filtek Supreme Ultra 0.00 A 0.00 A 
Ketac Nano 1.26 ± 0.30 B 0.67 ± 0.28 C 
____________________________________________________________________________________________________ 

Different letters indicate statistically significant differences between groups 
(Tukey test, P< 0.001). 
 
the buccal or lingual plane, depending on the location of the 
restoration. B-mode images were 3 mm wide (x) with a 
maximum imaging depth (z) of 1.34 mm, sampled into 1,000 × 
1,024 pixels in x and z, respectively. A total of 121 B-scan 
images were obtained along each restoration such that the total 
dimensions sampled in volume were 3 mm × 3 mm × 1.34 mm. 
All B-mode images were contrasted and segmented to enhance 
features and remove artifacts.   
 The total length in millimeters at the point of deepest 
microcrack penetration in each restoration was identified by 
analyzing each one of the 121 B-scan images, then measured 
using a public domain software, Image J 1.48V.g Measurements 
represent lengths in the x and z plane only. Microcracks were 
identified by the observation of increased OCT signal intensity 
along a line within the dental material; in a previous report,18 
similar OCT structures were shown to be consistent with the 
presence of dental gaps. This occurs due to increased light scat-
tering caused by refractive index inhomogeneity at the 
boundaries of a microcrack. Since the presence of air filling the 
microcrack is assumed, a higher signal intensity will appear as 
a bright line due to a higher OCT signal value at this interface 
caused by the lower refractive index of air (n= 1.0) in compari-
son to RBMs (n= 1.5-1.6). Because the OCT system records the 
depth dimension (z) as an optical depth, a correction for the 
refractive index of the material must first be performed. The 
physical depth in z is obtained by dividing the OCT-recorded 
optical depth by the refractive indexes of the RBMs. The 
refractive indexes of the RBMs tested in this study were experi-
mentally determined using a technique previously reported.25 
  
Statistical analysis - Mean and standard deviation values for 
microcrack length in millimeters (n= 10) were calculated at the 
95% confidence level. Normality of data distribution was tested 
using Kolmogorov-Smirnov and Shapiro-Wilk tests. Because 
the data were normally distributed, a two-way ANOVA was 
performed to analyze the influence of the two factors (finishing 
technique and restorative material) on the mean values of the 
dependent variable under investigation (microcrack length). 
The level of significance was set at P< 0.05. Multiple 
comparisons were performed using the Tukey post-hoc test. All 
statistical tests were carried out using the software IBM SPSS 
Statistics for Macintosh, Version 22.0.h    

Results   
 The mean microcrack lengths and standard deviations are 
summarized in Table 2. No microcracks were observed in the 
RBC samples. However, microcrack presence was identified in 
all of the RMGI specimens. Two-way ANOVA showed 
significant differences in the factors “finishing technique” and 
“restorative material” (P< 0.001). The  interaction  of  these  two 
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Fig. 1. SD-OCT images: (A) RMGI sample finished with fluted carbide; (B) 
Microcrack measurement in RMGI sample finished with fluted carbide. 
  
factors was also statistically significant (P< 0.001). Tukey post-
hoc test revealed a statistically significant difference (P< 0.001) 
in mean microcrack length values between all compared groups 
except among RBCs finished with different techniques (Table 
2). For the tested RMGI, the finishing with aluminum oxide 
groups resulted in statistically significant lower mean micro-
crack length when compared to spiral fluted carbide burs (P< 
0.001). Figures 1-4 show representative cross-sectional images 
obtained by the SD-OCT and ESEM images of the surfaces of 
the same specimens. 
 

Discussion   
 Crack tolerance is a property that was recently reported as 
one of the highest priorities for an ideal direct restorative 
material.26 This statement is supported by evidence that most 
mechanical failures of materials are related to crack initiation at 
defects, crack propagation, and crack termination.27 For resin-
based materials, microcrack formation has been positively 
correlated with the development of water sorption and 
hydrolysis, therefore probably playing an important role in the 
degradation process of RBCs and RMGIs. 9,12, 15   
 The hypotheses tested in the present study were accepted, as 
the mean microcrack length values in RBMs were significantly 
influenced by both finishing technique and restorative material 
factors. In the present study, two-way ANOVA revealed that 
RMGI was more susceptible to microcrack presence than RBC. 
As to the finishing technique, even though statistically 
significant differences in microcrack length were found for the 
RMGI groups based on this factor, no microcracks were 
observed in RBC specimens  regardless  of  the  tested  finishing  
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Fig. 2. SD-OCT images: (A) RMGI sample finished with Sof-Lex; (B) 
Microcrack measurement in RMGI sample finished with Sof-Lex. 
 
system. The finding of no correlation between finishing with 
rotary instruments and the presence of a defective subsurface 
region in RBCs was supported in a previous report.8 However, 
it is noteworthy that the cited authors conducted the experiment 
using a combination of staining technique and scanning elec-
tron microscope (SEM) evaluation that showed a capacity to 
identify defects and small cracks in a shallow micrometric 
depth ust below the specimen surface.16 In the present study, 
the microcrack presence in resin-based materials was investi-
gated by using a SD-OCT system as a cross-sectional imaging 
diagnostic method. OCT provides micron-scale resolution for 
microstructural imaging up to 2-3 mm in depth,24 and this 
technique has been reported22,28 as a promising tool for deter-
mining the presence and extent of enamel cracks, as well as a 
reliable instrument for in vivo visualization of internal defects 
and large porosity in resin-based materials. In fact, the SD-OCT 
system used in the present study was quite effective for the 
identification of internal microcracks throughout the samples.      
 Although no microcracks were observed in the RBC sam-
ples, the SD-OCT images in the present investigation revealed 
microcracks in all RMGI samples. These findings were consis-
tent with a previous study15 conducted under confocal fluores-
cence microscopy to investigate the role of microcrack forma-
tion in the degradation mechanism for RMGIs. These authors 
stated that a network of cracks in the RMGI specimens was 
found prior to any finishing procedure that was performed in 
their experiment. Additionally, that study included discussion 
about the key role played by the slow formation of cracks as the 
prevalent mechanism of long-term hydrolytic degradation in 
RMGIs.  
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Fig. 3. SD-OCT images: (A) RBC sample finished with fluted carbide; (B) 
RBC sample finished with Sof-Lex. 
 
 One possible explanation for the microcrack formation in 
RMGIs could be related to polymerization shrinkage stress-
es.15,29 The development of setting stresses in RMGIs starts 
immediately upon light activation, reaching stress values of 2.5 
MPa after 1 minute of irradiation.30 Despite the potential contri-
bution of shrinkage stress to formation of microcracks, it is 
worth noting that both OCT and ESEM images (Figs. 1 and 
4A) showed that most microcracks originated from internal or 
external microvoids in the RMGI specimens. This finding of a 
possible correlation between microcrack and void was sup-
ported by a previous report as well.15    
 In the present study, a careful observation of the ESEM 
image (Fig. 4A) showed that most microcracks present on the 
surface of the RMGI sample started from voids. This evidence 
was also supported by the SD-OCT images (Figs. 1A-B) of the 
same sample shown in Fig. 4A, because the cross-sectional 
OCT imaging clearly reveals the penetration of the microcrack 
into the RMGI cement beginning from the void located on the 
surface. Although the present samples were not fatigued, it is 
worthy to note that cracks associated with fatigue failure 
frequently nucleate on the surface of a component at some 
point of stress concentration. Possible crack nucleation sites 
include any notch or geometrical discontinuity that can act as a 
stress raiser and fatigue crack initiation site.31   
 The occurrence of voids in glass-ionomer cements (GICs) 
and RMGICs has been reported.32,33 These studies found that 
the method of mixing could influence the mechanical properties 
of GICs, depending on the extent of porosity present in the 
material. The authors confirmed the occurrence of small air 
bubbles in all specimens, showing a distribution throughout  the  
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Fig. 4. ESEM images: (A) RMGI sample finished with fluted-carbide at ×80 magnification. (B) RMGI sample finished with fluted-carbide at 
×600; (C) RMGI sample finished with Sof-Lex at ×20 magnification; (D) RMGI sample finished with Sof-Lex at ×600 magnification; (E) 
RBC sample finished with Sof-Lex at ×20 magnification; (F) RBC sample finished with Sof-Lex at ×600 magnification. Abbreviations: RMGI, 
resin-modified glass-ionomer; RBC, resin-based composite; TS, tooth structure; E, enamel; D, dentin. 
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whole mass of the GIC. They found a correlation between 
failures at lower stress with the presence of large bubbles. 
Despite the influence of the material viscosity and the method 
of mixing on the porosity formation, those defects seem to be 
inherent to any kind of viscous material that sets through a 
mixing process, which invariably results in air inclusions along 
the mixture. Considering that RMGI consists of GIC com-
ponents with incorporated hydrophilic monomers, despite the 
improvement in its handling and working characteristics, it was 
not completely unexpected to find microcracks in the present 
study.  
 The possibility of a desiccation effect on microcrack forma-
tion in RMGI specimens during OCT ESEM imaging is not of 
concern due to the maintenance of sample hydration during 
imaging. ESEM has the capability of imaging uncoated (low 
vacuum mode) and nearly wet (environmental mode) speci-
mens, along with the conventional high vacuum SEM imaging. 
The instrument can be operated at variable pressure modes and 
hydrated specimens can be viewed without much sample 
preparation, thus preserving the integrity of the viewed 
surfaces. This characteristic represents a large advantage over 
traditional SEM analyses, where samples can attain artifacts 
simply due to dehydration effects encountered during prepara-
tion of the samples. Accordingly, a previous report stated that 
the observation of artifactual cracks within fractured RMGIs 
was quite usual under SEM where the samples are examined in 
a high vacuum and desiccated environment. However, the 
authors reported that cracks identified by ESEM were not 
artifacts caused by dehydration shrinkage, but probably due to 
“intrinsic setting shrinkage” or a “self-desiccation” process.29    
 Despite the consideration that most mechanical failures of 
materials relate to crack initiation at defects, crack propagation 
and crack termination,27 there is still some controversy 
regarding possible benefits from water sorption in RMGIs, 
specifically related to a stress-relief behavior or a mechanism of 
“self-repair” that could partially compensate for the initial 
polymerization shrinkage stresses, therefore minimizing a 
further fracturing process.30,34 In theory, that hypothesis could 
support the recommendation for exposing RMGI restorations to 
water before reaching critical stress levels in order to avoid the 
occurrence of early failures.30 On the other hand, previous 
studies14,34 reported that RMGIs were highly sensitive to water 
sorption, which therefore leads to lower values of flexural 
strength and elastic modulus. This RMGI water uptake, which 
acts as a surface plasticizer when those restorations are kept in 
contact with water or saliva,14,34 is due to its chemical 
composition, characterized by the hydrophilic nature of a 
network basically formed by poly hydroxyethyl methacrylate 
(HEMA), copolymers of grafted HEMA and polyacid salts.34 
Additionally, as previously noted, the mixing procedure may 
produce air voids that accelerate the water sorption and 
solubility of these cements, since those defects increase the 
surface exposed to water saliva, possibly leading to areas of 
unpolymerized material.35    
 Therefore, given their higher values of water sorption, as 
well as due to the reported correlation between their water 
uptake and microcrack formation, inferior mechanical 
properties and hydrolytic degradation, RMGIs should be 
avoided for  restorations  in occlusal load-bearing  areas. In con- 
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trast, published studies of long-term clinical trials36,37 have 
reported the superior clinical performance of RMGI restora-
tions in non-carious cervical lesions when compared to RBC 
restorations. The microcrack presence observed under SD-OCT 
imaging in the present study may represent one of the possible 
explanations for this higher clinical performance of RMGIs in 
non-carious cervical lesions, because those defects could 
represent a stress-breaking effect during lateral cuspal move-
ments or due to a vertical deformation of the tooth previously 
reported as “barreling effect.”38 
 In the present study, statistical analysis showed a significant 
difference (P< 0.001) in mean microcrack length based on the 
finishing technique employed for the RMGI samples. Alumi-
num oxide discs produced lower values of mean microcrack 
length than spiral fluted carbide burs after the finishing proce-
dure of RMGI restorations.  Despite the lack of reports evalu-
ating the influence of different finishing techniques on micro-
crack generation in RMGIs, several studies have supported that 
Sof-Lex disks produce the smoothest RMGI surface among all 
available finishing systems.39-43 A possible explanation for this 
finding is that aluminum oxide discs seem to permit finishing of 
RMGIs without dislodging the glass particles.40,42 Because both 
OCT and ESEM images (Figs. 1 and 4A) showed microcracks 
originating from external microvoids in the RMGI specimens, 
the finding of shorter microcracks after using aluminum oxide 
discs is understandable since this finishing technique can lead to 
fewer voids generated by the displacement of glass particles. 
 Further investigation should be conducted focusing on the 
evaluation of microcrack presence and length in resin-based 
materials under thermomechanical fatigue loading.  
 In conclusion, within the limitations of this in vitro experi-
ment, the present study showed that RMGI was more suscep-
tible to microcrack presence than RBC. Also, aluminum oxide 
discs produced lower values of mean microcrack length than 
spiral fluted carbide burs after the finishing procedure of RMGI 
restorations. 
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