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Abstract 

Objective: The aim of this study was to evaluate the short beam shear strength (SBSS) of 

resin composite core materials as a function of mode of cure as well as time after cure. The null 

hypothesis was that there would be no difference in SBSS of the materials evaluated . 

Methods: Fourteen resin compos ite core materials were evaluated at post cure times of 10 

minutes , one hour, and 24 hours. Furthermore , dual cure mater ials were evaluated using both 

curing strategies while single mode of cure materials were either cured with a LED visible light 

curing unit or self cure as required. Specimens (n=12) were fabricated using a standardized 5 x 

5 x 25mm Teflon mold by placing the mold over a mylar covered glass slab. Materials were 

prepared as per manufacturer recommendations and was placed into the mold, which was 

immediately covered by a second mylar strip and a glass laboratory slide with digital pressure 

applied to form a flat superior surface. Dual cure materials were then photopolymerized in an 

overlapp ing fashion on the superior surface while self-cure mode specimens were held with a 

vise and placed into a chamber with 37 ± 2 °C and 98 ± 2 percent humidity phosphate buffered 

saline environment. At the appointed time of testing specimens were stressed until failure on a 

universal testing machine using a three point bend fixture at a cross head speed of 0.5mm. 

Mean results were analyzed with Kruskal-Wallis/Dunn 's post hoc analysis (p=0 .05). 

Results : SBSS increased with all materials with time , regardless of the cure mode. Light 

activated dual-cure materials demonstrated higher physical properties as compared to the self­

cure mode. Overall, materials demonstrated greater strength development between one and 24 

hours. 

IX 



Conclusions: The highest SBSS values were observed at 24 hour test period with 

photopolymerized dual-cure materials demonstrating greater physical properties as compared to 

the self-cure mode. Clinicians should be aware that resin composite core materials prepared at 

10 minutes after curing has inferior SBSS as compared to 24 hours . 
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INTRODUCTION 

Clinicians are often challenged with the restoration of the extensively damaged dentition. When 

insufficient tooth structure exists to possess adequate retention and resistance features , the 

placement of an appropriate material is placed to compensate for lost tooth structure while also 

serving as a foundation for a full-coverage restoration . This coronal material , especially when 

serving as crown foundat ions, is referred as a core material. Suitab le core materials can be 

directly placed using restorative materials or indirectly luted using laboratory casting techniques . 

Regardless of the materia l, for successful function the core should possess certain 

characterist ics, to include stability in a wet environment ; ease of manipulation ; rapid, hard set for 

immediate preparation for a full-coverage restorations ; and natural tooth color. 1 Optimal core 

material physical properties would include high compressive and tensile strength ; high modulus 

of elast icity as we ll as high fracture toughness. Other desired features would be a material that 

would be both inert and biocompat ible, cariostatic , and low cost. 1 While a core material may 

contain some of these physical properties and characteristics , unfortunate ly no known material 

possesses all of these ideal parameters . 

Historically , amalgam has been the most common core materia l. Currently adhesively bonded 

resin composite is the most common direct ly placed core material , as it also allows the 

opportunity for almost immediate preparation for a subsequent full-coverage restoration . 2 

Dental resin composite materials cure either polymerization initiation with visible light or with 

chemical means (e.g., "self or "dark" cure) . Some materia ls contain both a visible light cure 

(VLC) and self-cure mechanisms which is described as a dual-cure material. Dual-cure 

mater ials are marketed for situat ions wherein the core material depth is greater than the usual 2 

millimeter depth of cure limitation for visible light activation. 

XI 



Multiple resin composite core materials have been marketed with little independent evaluat ion of 

their physical properties . The physical properties usually reported for core materia ls are that 

seen at the standard 24 hours after fabrication. Notwithstand ing, core materials are marketed 

as posse ssing the abil ity to withstand preparation almost immediately after curing . Little is 

known about core material physical propert ies immediately after curing. The purpose of this 

study was to evaluate the strength of resin composite core materials at various times utilizing a 

short-beam shear strength (SBSS) methodology . The null hypothesis was that there will be no 

difference in SBSS of the materials evaluated. 

Methods and Materials 

The materia ls used in this study are presented in Table 1. 
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Table 1. Materials Used 

Material Cure Depth of Curing Time Preparation Filler Manufacturer 
Mode Cure (mm) VLC/Self Time After Cure Content Information 

Pentron 

Build-It FR A2 Dual NA 
40s per Immediately 

Chopped America, 
surface/4m glass fiber Orange , CA, 

USA 

Build It Blue Self Self cure 4m Immediately 
Chopped 

Pentron America 
glass fiber 

Clearfil DC 
Silica/Bar ium Kuraray America 

Core Plus Dual 2mm 20s/6m Immediately Glass New York , NY 
74%/volume USA 

Clearfil 
Silica/Barium 

Photocore VLC 7mm 40s Immediate ly Glass Kuraray America 
65%/volume 

VLC: 
Barium/Silica 

Fluorocore 
Dual 3mm 40s/7-8m immed iately ; self 

Glass Dentsply Sirona , 
Blue 

cure 10m 
Up to 70% York, PA. USA 
volume 

VLC: Barium/Sil ica 

Fluorocore TC Dual 3mm 40s/7-8m immed iately; self 
Glass 

Dentsp ly Sirona 
Up to 70% 

cure 10m 
volume 

Gradia Core Dual 2.9mm 10s/5m Immediate ly NA 
GC Amer ica , 
Alsip, IL USA 

VLC 20s per lvoc lar Vivadent 
Multicore Flow 

Dual NA surface/ VLC: immediately Barium/S ilica America , 
Blue Self-cure Self-cure Sm 54% volume Amherst , NY, 

4-5 min USA 
VLC 20s per 

Multicore Flow 
Dual NA surface/ VLC: immediately Barium/Si lica 

lvoclar-V ivadent TC Self-cure Self-cure 5m 54% volume 
4-5 min 

40s/self cure VLC: immediately Voco Amer ica, 
Rebilda Blue Dual 2mm NA Indian Land, SC, 

5m Self-cure 5m 
USA 

Rebilda TC Dual 2mm 
40s/se lf cure VLC: immediate ly NA Voco Amer ica 
Sm Self-cure Sm 

Essent ial Dental 

40s/se lf cure VLC immediately 
Lathanide Systems 

TiCore Auto E Dual 4mm series Amer ica , South 
6m Self cure NA 

elements Hackensack , NJ, 
USA 

40s/se lf cure VLC immed iately 
Lathanide 

Essentia l Denta l TiCore Flow + Dual 4mm series 
6m Self cure NA 

elements 
Systems 

Lathanide 
Essent ial Denta l TiCore Gray Self Self cure NA NA series 
Systems 

elements 
All informat ion obtained from manufacturer literature. NA = not availab le. Filler conten t is noted when 
information supplied 
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The 14 materials were classified into three groups based on curing mode, namely dual , self­

cure , and VLC . One material would be investigated as VLC only, two materials as self-cure 

only , and the other 11 materials would be dual-cure . The dual-cure mater ials were further 

subdivided into two curing modes, VLC and self-cure. Each material was tested at 10 minutes , 

1 hour, and at 24 hours after curing. Twelve specimens per material was fabricated for each 

testing t ime. 

For specimen fabrication, a standardized 5 x 5 x 25 millimeter Teflon mold was placed on a 

mylar-strip-covered glass slab. The prepared material was placed into the mold and immediately 

covered with a second mylar strip followed by placement of a glass microscope slide using 

digital pressure to form a flat surface. The entire assembly of the self-cure mater ials were 

clamped together and allowed to sit in a 37 °C incubator for the indicated time for curing. The 

light cure materia l was similar ly prepared with the superior surface irradiated in an overlapping 

fash ion for 40 seconds using a multi-mode LED-based, VLC unit (Bluephase G2; lvoclar­

Vivadent , Amherst , NY, USA). The VLC-act ivated dual-cure materials were fabricated in the 

same fashion as the light cured material while the dual-cure specimens designated for self cure 

were fabricated identically as the self-cure materials. The philosophy of curing molds and times 

were based on a possible worst-case scenario of core materials thicker than usually prescribed 

by the manufacturer . 

After polymerization and/or self-cure , specimens were removed from the mold and refined as 

needed using surgical scalpels to remove flash materials . Specimens were stored in 

physiologic phosphate buffered saline solution at 37°C until the appointed testing period . At the 

appointed testing period , specimens were placed on a three point bend apparatus mounted on a 

universal testing machine (Alliance RT/5, MTS Corporat ion, Eden Prairie .MN, USA). 

Specimens were stressed using a cross head speed of 0.5mm/min until failure with the 

maximum force obtained recorded . SBSS was determined using the formula : 
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SBSS = 3 Fl 

2 bh2 

where F = maximum load recorded (in Newtons) 

I = distance between supports (in mm) 

b = width of specimen (in mm) 

h = height of specimen (in mm) 

Mean data was first analyzed with the Kolmogorov-Sm irnov Test and Bartlett 's test which 

identified both a non-normal distribution and inhomogeneity within the variances, respective ly . 

The mean data Kruska l-Wall is Test with Dunn's post hoc analysis was performed at a 95 

percent level of confidence (p = 0.05) . 

Results 

SBSS mean resu lts are listed in Table 2. 
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Table 2: Short Beam Shear Strength (MPa) 

Materials VLC/Dual-Cure VLC Activated Self-Cure/Self-Cured Dual-Cure 

Evaluated 10 minutes 1 hour 24 hours 10 minutes 1 hour 24 hours 

92.2 (12.5) 96.0 (13.4) 122.4 73.1 (10.1) 81.3 (15.9) 120.2 

Build-It FR A2 BC b ABb (17.1) Aa AB ab (15.0) 
sec AB c 

NIA N/A NIA 72.8(10 .1) 89.7 (8.1) 106.2 

Build It Blue* Aa ABC b (16.3) 
BCc 

80.8 (8.1) 99.5 (7.9) 120.4 45.1 (9.3) 67.2 (11.3) 95.0 (19.1) 
Clearfil DC Core CD be AB de (20.1) Ca Cb C cde 

Plus 
Be 

113.6 122.0(8.1) 146.4 NIA NIA NIA 
Clearfil (13.3) Aa (14.2) 

Photocore** 
Aa Ab 

90.3 (10.9) 94.2 (11.3) 113.7 68.0 (11.2) 91.3 (15.3) 105.6 
Fluorocore Blue BC b B be (16.1) AB a AB be (17.5) 

BC c BC be 

74.2 (11.2) 100.8 (16.3) 118.3 73.1 (11.0) 90.7 (13.2) 119.1 
Fluorocore TC Da 8 be (13.0) Aa AB ab (10.1) 

BCc ABc 

88.76 (8.3) 118.9 (13.4) 130.1 (5.2) 44.0 (8.6) 79.1 (9.3) 108.4 
Gradia Core BC b ABcd ABd Ca BC b (22.3) 

ABCc 

108.5 (8.7) 105.4 (14) 137.5 76.1 (17.0) 102.9 131.1 
Multicore Blue Ab Bb (13.5) Aa (14.6) (14.8) 

ABc Ab Ac 

101.3 110.3 (10.3) 128.3 65.7 (8.3) 90.1 (7.3) 127.3 
Multicore TC (12.9) ABc (13.3) AB a AB b (11.4) 

AB be ABd AB d 

105.3 103.2 (17.9} 134.3 72.3 (15.4} 83.8 (16.2} 128.8 
Rebilda Blue (18.0} ABc (12.4} Aa ABC ab (20.2} 

AB be ABd ABd 

100.8 110.5 (17.2} 137.6 69.2 (12.7) 99.7 (18.6) 107.8 
Rebilda TC (12.5) AB b (18.2) AB a AB b (28.7) 

AB b ABc ABCc 

97.0 (10.1) 99.2 (7.9) 111.4 (9.1) 56.6 (9.2) 79.7 (9.7} 107.5 
TiCore Auto E ABCc ABcd BCd BC a BC be (13.5) 

ABCcd 

100.3 (7.9) 101.1 (15.5) 122.9 71.8 (8.5) 69.3 (9.8) 105.9 
TiCore Flow + AB b AB b (12.4} AB a Ca (12.7) 

BC c BC b 

TiCore Gray* 
NIA N/A N/A 49.0 (9.6} 69.2 (9.8) 70.8(15 .1) 

Ca Cb b 

n = 12. Groups with same capital letter statistically similar within each column. Lower case letters 
annotate similarity within each treatment group row (Kruskal Wallis/Dunn's p=0.05} 

*Denotes Self-Cure Only, **Denotes Light-Cure Only. 



All materials exhibited increased SBSS with time, regardless of activation method. Overa ll there 

was considerable overlap of similar groups at all time/activation periods with no one material 

demonstrating significant higher results over the majority of materials. Of the light-activated and 

light-activated dual-cure materials , only seven materials (Build-It FR; Clearfil Photocore ; 

Multicore Blue and TC; Rebilda Blue and Rebilda TC; TiCore Flow+) demonstrated a 

signif icantly greater SBSS strength at 24 hours as compared to one hour. Of the self-cure or 

the dual-cure with self-cure mode, all materials except three (Fluorocore Blue, Ticore Auto E, 

and Ticore Gray) were noted to exhibit greater SBSS at 24 hours as compared to one hour. 

When reviewing global results in Table 3, it is interesting to note when the 24-hour SBSS results 

are compared with the dual-cure materials , there was not statistical SBSS difference between 

light-activated dual-cure and the self-cured dual cure materials . 

Table 3. SBSS by Curing Modes Global Comparison 

Test Time and Cure Mode SBSS (MPa) 

10 Minutes VLC/Dual-Cure VLC 
91.1 (20.1) 

BC 

10 Minutes Self-Cure/Dual Self 64.4 (15.4) 
Cure D 

1 Hour VLC/Dual-Cure VLC 
97.5 (20.0) 

ABC 

Hour Self-Cure/Dual Self Cure 
84.7 (16.6) 

CD 

24 Hour VLC/Dual-Cure VLC 
121.5 (22. 5) 

A 

24 Hour Self-Cure/Dual Self-Cure 
110.3 (26.8) 

A 

n = 144; Capital letters identify similar groups (Anovaffukeys p=0.05) 
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Discussion 

This evaluat ion investigated resin composite direct core materials physical strength at thickness 

described as the depth of cure by the manufacturer's promotional literature . The traditional 

flexure testing methodology is described in ISO 4049 which requires a length to thickness ration 

of 1 O to 1 for the proper development of internal forces for flexure testing. However , core 

material flexure testing at thicknesses usually described as the visible light depth of cure would 

equate a length of 50 millimeters for a five millimeter thick sample . This would require an 

inordinate amount of material whose cost would be prohibitive for an evaluation containing 

adequate sample size . 

This study utilized an alternative testing method, the Short Beam Stress Shear (SBSS) Test. 

The American Society for Testing and Materials (ASTM) in Designation 2344 describes SBSS 

as utilizing a three-point bend for the testing of high-modulus laminar composites up to six 

millimeters in thickness . 5 Although extensively utilized for laminar-veneered composite 

mater ials, the SBSS has been reported in the testing of nano-composite resins. 6 

The methodology used in this evaluated utilized the fabricat ion of five millimeter thick and wide 

beams at a length of 25 millimeters. Although direct resin core materials have various 

described depths of cure , the five-millimeter specimen depth was chosen as the standard 

testing thickness . This was designed to serve as a worst case scenario clinical thickness 

materials with four millimeter or less described VLC curing depth, but would also allow for 

evaluation of material's self-cure ability for clinical situations. The visible light curing duration of 

forty seconds was also chosen as to provide the most optimal curing conditions at the five­

millimeter depth . 

Specimens were tested at ten minutes, 1 hour, and 24 hours. While some manufactures state 

that their materials may be prepared immediately after curing, specimens were tested at ten 
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minutes to allow the optimal development of early physical properties. Testing at one hour was 

accomplished to evaluate the magnitude of the physical property development at that time . 

Testing at 24 hours was performed to determine the most optimal physical properties . 

For the VLC cured or activated dual-cure materials, all materia ls displayed a numerical trend 

with increasing SBSS , however only Clearfil DC Core Plus, Fluorocore TC , and Gradia Core 

significantly increased in strength between ten minutes and one hour. Between one and 24 

hours, all materials demonstrated a significant increase in SBSS, except for Clearf il DC Core 

Plus, Fluorocore Blue, Fluorocore TC, Gradia Core, and TiCore Auto E. 

When the self-cured materials or the dual-cure materia ls under self-cure mode are considered , 

all materials demonstrated a sign ificant increase in SBSS between ten minutes and one hour 

except for Fluorocore TC, Rebilda Blue, and TiCore Flow+ . Furthermore , between one hour 

and 24 hours all mater ials displayed a significant increase in strength except for Fluorocore 

Blue, Ticore Auto E, and Ticore Gray. Collective ly, one should be cautioned when inferr ing the 

efficiency of material 's self-cure mechanism as the SBSS method , like flexure , can be altered by 

porosity within the materia ls. The ultimate method for evaluating efficiency of self-cure modes 

would be a time based Fourier Transm itted Infrared Spectroscopy study. 

When the results for each curing mode/time are considered globally , some remarkable findings 

can be noted. The most striking observation is the compar ison of the 24 hour results. 

Regardless of curing mode, there was no statistical difference between the light activated and 

self-cured dual-cure core materials. Furthermore , the one-hour light-activated materials were 

similar to the 24 hour groups . However , the SBSS of the ten-minute self-cured materials was 

noted to be the lowest. 

Based on the results of this study, the null hypothesis was rejected due to the differences noted 

between some of the times and curing modes. However, some general ized inferences can be 
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offered . First , some resin composite core materials contain a matrix at ten minutes whose 

strength is significantly less than that observed at one hour. Second, a number of the light­

activated dual-cure materials SBSS at one hour is similar to that observed at 24 hours . Third , 

the majority of the materia ls in the self-cure mode demonstrate that SBSS is sign ificantly 

increased over 24 hours; and fourth , there is no statistical difference in SBSS at 24 hours , 

regardless of curing mode . 

Although direct resin compos ite core materials were observed to develop SBSS strength by ten 

minutes , clinicians should be aware that the core mater ial does not contain fully-developed 

physica l properties at that time . A delay in the preparation of the resin core will allow the 

improvement of physica l propert ies, however this may not be clinically practical. Clinic ians 

shou ld consider this lag in physical property development and to avoid overly stressing the resin 

composite core material during preparation . Means of reducing preparation stresses , such as 

diamond bur roughness , pressure applied during preparation should be invest igated . 

Conclus ions 

Under the condit ions of this study , the direct resin composite dual-cure core materials overall 

exhib ited less shear strength immediately after curing , but was observed to increase with time. 

The SBSS developed by VLC activation at one hour was similar to that seen at 24 hours . 

Clinicians should be aware of the immature nature of resin core materials immediate ly after 

curing and not overly stress the core during preparation procedures. 
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