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Clinical Relevance
This in vitro study, using DOC as 

a means of evaluating composite resin 
curing abilities, provided insight as to 
which restorative system tested could, 
perhaps, be best used clinically as a 
“bulk-fill” restorative material.  The 
results attained from this study revealed 
that the SonicFill™ restorative system 
provided a realistic approach to problems 
incurred upon the placement of posterior 
composite resins.  

Introduction
Composite resin has been rapidly 

replacing amalgam as the posterior 
restorative of choice for many dental 
patients.1-3  The insertion of composite 
resin can be a complex, challenging 
procedure for the dentist due to many 
material and clinical considerations.4-11 
The depth of cure (DOC) is an important 
parameter regarding the clinical success 
of light polymerized composite resins. 
The techniques utilized to measure 
the depth of cure of a light activated 
composite material includes a “scraping 
test” which removes the uncured portion 
of the specimen, prior to measurement 
of the cured or polymerized portion.12-18  
The scraping test has been employed as 
one of the primary testing protocols for 
measurement of the DOC of composite 
resin, and is defined by the International 
Organization for Standardization (ISO) 
for dental resins, 4049 (2009) as: “fifty 
percent of the length of the cured 
composite after the soft, uncured material 
has been scraped away, using a plastic 
instrument, with a pass/fail status (within 
0.5 mm of the manufacturer’s claims) 
assigned to the material comparison.”19  
The DOC can be affected by several 
factors associated with the source of light 
energy including the spectral wavelength 
distribution, intensity, exposure period 
and distance from the material.12-18  

Recently, a novel composite 

ABSTRACT
Objectives: 
To quantify the depth of cure (DOC) of a composite resin system using two 
different testing criteria. 

Method and Materials: 
The DOC testing employed two different experimental protocol:  1) Forty-eight 
previously extracted human molars were randomly assigned to four groups of 
twelve each (n=12): Group 1 SonicFill™ composite resin system, shade A1; Group 
2 SonicFill™, shade A3; Group 3 Herculite Ultra™ composite resin, shade A1; 
Group 4 Herculite Ultra™, shade A3.  Cylindrical cavities (4.0 mm diameter 
and 10 mm depth) were prepared at the tooth CEJ, in a mesiodistal direction.  
The preparations were filled with each composite resin material in one bulk 
increment and polymerized with a LED light for 20 seconds.  After 5 minutes, 
the occlusal surfaces of the teeth (specimens) were ground flat until the composite 
was exposed in a transverse plane. The uncured (soft) composite was scraped 
away, using a “modified” ISO 4049 DOC specification, and the remaining cured 
(hard) material was measured.  Three measurements, at different positions of the 
specimen, were performed, for a total of thirty-six measurements per specimen 
group.  The measurements were averaged and divided by fifty percent, arriving 
at the final DOC for each specimen.  2) A DOC testing protocol was performed 
using a two-piece (4.0 mm x 10.0 mm) custom-made Teflon™ device (mold).  The 
groupings duplicated the previous experimental protocol.  The mold was filled with 
each composite resin material in one bulk increment to a 10 mm length (depth).  
Excess composite material was removed, followed by placement of a Mylar™ strip 
over the external orifice.  The composite resin specimen was light-polymerized 
for 20 seconds.  Again, the uncured (soft) composite was scraped away, with the 
same measurement protocol followed as in method 1.  Statistical analyses were 
conducted using ANOVA tests at a p<.05 level of significance.  

Results: 
Statistical differences were exhibited between the two different DOC 
methodologies, extracted teeth versus the Teflon™ device.  Considering each 
method, the SonicFill™ composite revealed significantly greater DOC compared to 
the Herculite Ultra™ composite resin.  Also, significant differences were displayed 
between the A1 compared to the A3 shades, with the A1 (lighter) shades exhibiting 
greater DOC.

Conclusion: 
The prepped teeth seemed a more realistic DOC testing approach due to the 
variables of light interaction of the composite resin to either tooth substance 
(enamel/dentin) versus using the Teflon™ mold, although greater DOCs were 
recorded using the manufactured device.  The SonicFill™ composite system 
did reveal greater DOC compared to the Herculite Ultra composite regardless of 
experimental method or material shade.

Determination and Correlation of Depth of Cure of a New 
Composite Resin Delivery System
Barry M. Owens, D.D.S.;  Mr. Chad Slaven; Jeffrey G. Phebus, D.D.S.; 
James C. Ragain Jr., D.D.S., M.S., Ph.D.

T
D
A

EXAM #73



Journal of the Tennessee Dental Association  • 95-240

delivery system together with a new, 
proprietary composite formulation 
has been introduced.  This restorative 
system, SonicFill™, uses sonic energy for 
insertion of composite resin into posterior 
teeth preparations employing one bulk 
increment (manufacturer reports of up to 
5.0 mm DOC), causing initial decreased 
viscosity of the composite for increased 
flowability into the cavity preparation.  
Following deactivation of the sonic 
energy, the material viscosity increases, 
allowing for reported increased depths of 
cure.  This system utilizes a proprietary 
formulation which is highly filled by 
weight (83%), including special modifiers 
which react to the sonic energy.20-23  
Preliminary in vitro research has reported 
5.0 mm depth of cure in 80 percent of the 
cases.24-25  

The purpose of this study was to 
quantitatively evaluate the curing 
potential of a composite resin system.  
The study protocol included different 
“modified” versions of an ISO 4049 DOC 
testing regimen, using two composite 
resin systems: SonicFill™ bulk-fill 
composite resin system, and Herculite 
Ultra™ nanohybrid composite resin, 
employing two different shades for each 

composite: A1 and A3.
The study had a two-fold rationale: 

1) does the SonicFill™ composite resin 
delivery system, used for bulk-fill of 
posterior cavity preparations, meet the 
manufacturer’s claims of 5.0 mm DOC? 
And 2) can “modified” versions of ISO 
4049 produce a reliable, consistent 
indicator of composite resin DOC?  
The hypothesis of the study is that the 
SonicFill™ composite resin system will 
meet the “modified” ISO 4049 testing 
procedures regarding DOC.

Methods and Materials
The study protocol included different 

“modified” versions of an ISO 4049 DOC 
testing regimen. The first method used 
extracted teeth which, presumably, would 
simulate a clinical, patient environment 
more accurately.  The second method 
employed a testing regimen utilizing 
a Teflon™ instead of a stainless steel 
cylinder.  

Method 1): 
Forty-eight previously extracted 

human molars were selected for the 
study.  The teeth were cleaned of calculus, 
soft tissue, and other debris, and stored 

in a 1 percent Chloramine T solution, 
(Fisher Chemical, Fair Lawn, NJ, USA) 
consisting of 12 percent active chlorine 
diluted in tap water at room temperature.  
This study protocol, involving human 
research specimens (extracted teeth), 
was submitted to, and approved by, the 
University of Tennessee Health Sciences 
Center Institutional Review Board for 
“Exempt” status review prior to study 
commencement. All teeth were examined 
macroscopically and microscopically 
(20x) to rule out the presence of fractures/
fissures, carious lesions, abrasive/erosive 
lesions, and restorations.  Teeth that did 
not conform to the inclusionary criteria 
were discarded. The teeth were stored in 
tap water immediately prior to treatment. 

Cavity Preparation: Method 1
The experimental method used 

different materials and shades: 1) 
restorative system – (SonicFill™ Kerr/
Kavo, Bismarck, Biberach, Germany) and 
(Herculite Ultra™ Kerr Corp., Orange, 
CA, USA); 2) shades (A1, A3) of each 
composite resin system.  Cylindrical 
cavities (4.0 mm diameter and 10 
mm depth) were prepared at the tooth 
cementoenamel junction (CEJ), in a 
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Figure 1:  Representative 
photograph of an extracted 
molar illustrating the circular 
preparation (4.0 mm x 10.0 
mm) located at the CEJ, cut in a 
mesiodistal direction.

Figure 2:  Representative 
photograph of the restored 
molar.  The tooth was ground 
(flat) in a transverse plane, 
revealing the cured/uncured 
material.

Figure 3:  Representative 
photograph of the cured (hard) 
restorative, with the uncured 
portion removed.  Using a 
micrometer, the specimen was 
measured in three distinct 
points, averaged, and divided 
by 50% to reach the final DOC.
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mesiodistal orientation, using tapered-
round (#801.31.035™) and disc-shaped 
(#019075U0™) friction grip diamond burs 
(Brasseler USA, Savannah, Georgia). All 
cavities were prepared, with each bur 
length previously marked at a preparation 
depth (length) of 10.0 mm using a 
water-cooled, high-speed air turbine 
handpiece (Henry Schein, Melville, New 
York, USA).  A new bur was used for 
every cavity preparation. One operator 
performed all cavity preparations, 
while the other investigator verified 
the preparation parameters prior to 
restoration, to ensure accuracy and 
continuity (Figure 1). The teeth 
were then randomly divided into 
four groups based upon restorative 
system and material shade.  

Study Groups and Restorative 
Procedures: Method 1
Group 1. SonicFill™ composite resin 
(12 teeth): shade A1.

Group 2. SonicFill™ composite resin 
(12 teeth), shade A3.

Group 3. Herculite Ultra™ 
composite resin (12 teeth), shade A1.

Group 4. Herculite Ultra™ 
composite resin (12 teeth), shade A3.  

The preparations were filled 
with each composite resin material 
in one bulk increment to a 10 mm 
depth and polymerized with a 
light-emitting diode (LED) light-
curing unit for 20 seconds.  After 
5 minutes, the occlusal surfaces 
of the specimens were ground flat 
until the composite was exposed in 
a transverse plane.  The composite 
(specimens) were measured, 
immediately. The uncured (soft) 
composite was scraped away, 
using a “modified” ISO 4049 DOC 
specification, with a plastic instrument, 
and the remaining cured (hard) material 
was measured. Three measurements, 
at different positions of the specimen, 
were performed, for a total of thirty-six 
measurements per specimen group. The 
three measurements per specimen were 
averaged and divided by 50 percent, 
arriving at the final DOC for each 
specimen (Figures 2, 3).  

Method 2): 
A “modified” DOC testing protocol 

was performed for the different composite 

resins (shades) using an “adapted” version 
of a two-piece custom-made, re-usable 
device from a study by Flury et al.14 
(Figure 4).  

Study Groups and Restorative 
Procedures: Method 2

The grouping was the same as with the 
previous experimental protocol, with each 
group consisting of 12 specimens (n=12): 

Group 1. SonicFill™ composite resin 
system, shade A1. 

Group 2. SonicFill™, shade A3. 

Group 3. Herculite Ultra™ composite 
resin, Shade A1. 

Group 4. Herculite Ultra™, shade A3.  

The device, testing DOC, consisted 
of a Teflon™ outer casing with an inner 
diameter of 4.0 mm Teflon™ cavity for 
insertion of each type of composite resin. 
The cavity was filled with each composite 
resin material in one bulk increment to a 

10 mm depth. Excess composite material 
was removed, followed by placement of 
a Mylar™ strip over the 4.0 mm external 
orifice.  The composite resin specimens 
were light polymerized using a LED 
light-curing unit for twenty seconds and 
measured for DOC.  The uncured (soft) 
composite was scraped away using, 
again, a “modified” ISO 4049 DOC 
specification, with a plastic instrument, 
with the remaining cured (hard) material 

measured. Three measurements at 
different positions of the specimen 
were performed for a total of thirty-
six measurements per specimen 
group. The three measurements per 
specimen were averaged and divided 
by 50 percent, arriving at the final 
DOC. 

Statistical Analyses
Statistical analyses were 

conducted using ANOVA and ad 
hoc Fishers LSD testing procedures 
at a p<.05 level of significance. 
All data were submitted for 
statistical analyses at the p<0.05 
level of significance. The statistical 
calculations were performed using 
Statview 5.0™ (SAS Institute, Cary, 
North Carolina, USA).

Results 
Regarding the two methods of 

DOC testing extracted teeth versus 
a Teflon™ device, the Teflon™ device 
showed significantly (p <.0001) 
greater DOC compared to the 
extracted teeth method (Table 1).  
Using readings from both testing 
methods, the SonicFill™ composite 
revealed significantly (p <.0001) 
greater DOC compared to the 
Herculite Ultra hybrid composite 
(Table 2).  Also, regardless of each 

testing method and/or composite resin, 
significantly (p =.0212) greater DOC was 
recorded with the A1 shade compared to 
the A3 shade (Table 3).  

Discussion
Composite resin has been increasingly 

utilized for the restoration of posterior 
cavity preparations as improvements 
regarding material sciences have 
ensued.1-3  Due to the time consumption 
involved with insertion of composite resin 
using incremental procedures (2.0 mm has 
been defined as the maximum increment) 
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Figures 4A/B:  Specimen preparation 
for DOC.  A = Teflon™ mold with 
semicircular notch.  B = Outer Teflon™ 
mold with semicircular notch (inner 
portion A, fits into outer portion B).  
C = Teflon™ mold, installed together, 
illustrating the circular opening (4.0 
mm diameter x 10.0 mm length) for 
composite resin insertion. 
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for large/deep, posterior tooth cavities, composite 
resin system manufacturers have introduced 
materials that are “bulk-fill” restoratives for 
potential increased material DOC for preparation 
cavities (4.0 mm or greater).20-27   Initial research 
reports have been predicated upon International 
Organization Standardization (ISO) in vitro studies 
using “scraping” methods and hardness ratios 
as criteria for DOC testing for composite resins.  
These criteria, specifically, “ISO 4049, depth of 
cure” includes testing of composite resin using a 
4.0 x 10.0 mm stainless steel tube (cylinder).  The 
material to be tested is inserted into the tube and 
light polymerized, with the uncured composite 
“scraped away” using a plastic instrument, followed 
by measurement of the cured, “hard” remainder 
with a micrometer (within 0.01 mm), and divided 
by 50 percent.  This procedure defines the DOC or 
maximum thickness (increment) for a composite 
resin using a “Pass/Fail” status.  In order for a 
“Pass” score to be issued, the readings must be 
no more than 0.5 mm below the value stated by 
the manufacturer.19  Although ISO 4049 DOC 
was introduced as an objective means of testing, 
with modifications of the experimental protocol 
forthcoming in 1988, 2000, and 2009, it seems that 
perhaps a more realistic solution for measurement 
of composite resin DOC could possibly be 
developed.  

This in vitro study utilized two different 
methods of measuring DOC for a recently 
developed composite resin system, specifically 
formulated for insertion into posterior teeth, 
employing a sonic delivery system.20-23  Although 
both present experimental methods used 
“modified” ISO 4049 DOC testing protocol, this 
study revealed significant variations between 
the two methodologies, the composite resins, 
and the different shades.  The Teflon™ device 
showed significantly greater DOC compared to 
the extracted teeth method, while the SonicFill™ 
composite revealed a significantly greater DOC 
compared to the Herculite Ultra hybrid composite.  
Also, significantly greater DOC was recorded 
with the A1 shade compared to the A3 shade.  As 
previously stated, for a “Pass” score to be acquired 
using the ISO 4049 DOC testing method, the results 
had to be no more than 0.5 mm below the value 
specified by the manufacturer.  With acceptance 
of this protocol, and using the extracted teeth as a 
“modified” DOC procedure, a score of 3.541 mm 
+ (0.5 mm) - would have been assigned a “Fail” 
status.  Utilizing the Teflon™ mold, a score of 4.613 
mm + (0.5 mm) would have achieved a “Pass” 
status.  Furthermore, both composite resin systems 
- SonicFill™ (4.410 mm + 0.5 mm) and Heculite 
Ultra™ (3.746 mm + 0.5 mm) would have received a 
“Fail” status.  Although the SonicFill™ “total” score 
(4.910 mm) was below the manufacturer’s reports 
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Table 1  - Depth of cure (DOC) results comparing both “modified” 
ISO 4049 testing methods using “combined” data of both 
composite resin systems and shade readings.  A = extracted 
teeth method average score (3.541 mm DOC): “Fail”.  B = Teflon™ 
method average score (4.613 mm DOC): “Pass”.

Grouping 1 Group Count Mean Std. 
Dev. Std. Err.

SF (A1) 1 12 4.270 0.168 0.049

SF (A3) 2 12 3.791 0.205 0.059

HU (A1) 3 12 3.123 0.288 0.083

HU (A3) 4 12 2.978 0.201 0.058

3.541

Grouping 2 Group Count Mean Std. 
Dev. Std. Err.

SF (A1) 1 12 5.000 0.000 0.000

SF (A3) 2 12 4.568 0.194 0.056

HU (A1) 3 12 4.570 0.144 0.042

HU (A3) 4 12 4.314 0.196 0.057

4.613

Table 2  - DOC results comparing both composite resin systems 
using “combined” data of both testing methods and shade 
readings.  A = SonicFill™ average score (4.410 mm DOC): “Fail”.  B 
= Herculite Ultra™ average score (3.746 mm DOC): “Fail”.

Grouping 1 Count Mean Std. Dev. Std. Err.

SF (A1) 12 4.270 0.168 0.049

SF (A3) 12 3.791 0.205 0.059

SF (A1) 12 5.000 0.000 0.000

SF (A3) 12 4.568 0.194 0.056

4.410

Grouping 2 Count Mean Std. Dev. Std. Err.

HU (A1) 12 3.123 0.288 0.083

HU (A3) 12 2.978 0.201 0.058

HU (A1) 12 4.570 0.144 0.042

HU (A3) 12 4.314 0.196 0.057

3.746
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of 5.0 mm DOC, clinically, this reading 
would be very difficult to ascertain. 

Previous research results measuring 
DOC of the SonicFill™ system have 
reported 5.0 mm maximum curing 
increments.26,27  These reports employed 
ISO DOC and hardness testing criteria 
for final measurements.  Compared 
to the readings of the present study, it 
appears that a discrepancy is apparent.   
Explanations for these inconsistencies 
could have resulted from: 1) a “white” 
Teflon™ mold was used, and although 
it was opaque, the white material 
could have reflected the 
polymerization light 
back onto the composite, 
thus accounting for an 
increased DOC compared 
to the extracted teeth 
protocol or even perhaps 
a stainless steel cylinder; 
2) use of the extracted 
teeth for DOC testing 
revealed significant lower 
readings compared to 
previously published 
reports.26-28  However, 
the use of extracted teeth 
versus a stainless steel 
tube or a modified version 
(Teflon™ mold) seems to be 
a more realistic test for the 
DOC of composite resin.  
The manner in which 
the polymerizing light 
irradiation interacted with 
tooth structure (enamel and 
dentin) certainly suggests 
a more accurate material 
measurement, although 
both materials technically 
received a “Fail” status.  

The ISO 4049 in vitro 
DOC testing method 
is easily reproducible and can reveal 
initial differences between composite 
resins.  The measurements obtained could 
perhaps have over-estimated the DOC and 
may not be suitable or even appropriate, 
especially considering manufacturer 
product reports touting claims for 
clinical use by dentists for their patient’s 
restorative care.      

Conclusion
This study tested two composite resin 

systems/shades utilizing two different 
modified versions of ISO 4049 for 

measurement of DOC.  The results using 
the prepped, extracted teeth revealed 
decreased DOC measurements compared 
to the Teflon™ method.  Although the 
extracted teeth methodology is, perhaps, 
more difficult to consistently reproduce 
and quantify, the present study suggests 
this method is a more realistic testing 
approach, possibly due to the variables 
of light interaction of the composite 
resin to either tooth substance (enamel/
dentin).  It is the opinion of the authors 
that modifications to the ISO 4049 
DOC standard should be developed to 

more accurately reflect in vivo results,  
although ISO 4049 DOC is a good in vitro 
predictor comparing different materials.
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