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Effect of glycerin on the surface hardness of composites after curing
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ABSTRACT

Objectives: The purpose of this study was to examine the effect of glycerin topical application on the sur-
face hardness of composite after curing.

Materials and Methods: A composite (Z-250, 3M ESPE) was packed into a disc-shaped brass mold and light
cured according to one of the following protocols. Group 1 (control) was exposed to air and light cured for
40 sec, group 2 was covered with a Mylar strip and light cured for 40 sec, group 3 was surface coated with
glycerin and light cured for 40 sec, and group 4 was exposed to air and light cured for 20 sec and then sur-
face coated with glycerin and cured for additional 20 sec. Twenty specimens were prepared for each group.
The surface hardnesses of specimens were measured with or without polishing. Five days later, the surface
hardness of each specimen was measured again. Data were analyzed by three-way ANOVA and Tukey s
post hoc tests.

Results: The surface hardnesses of the unpolished specimens immediately after curing decreased in the follow-
ing order: group 2 » 3 > 4 ) 1. For the polished specimens, there was no significant difference among the
groups. Within the same group, the hardness measured after five days was increased compared to that imme-
diately after curing, and the polished specimens showed greater hardness than did the unpolished specimens.

Conclusions: The most effective way to increase the surface hardness of composite is polishing after curing.
The uses of a Mylar strip or glycerin topical application before curing is recommended. (J Kor Acad Cons
Dent 2011:36(6):483-489.)
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INTRODUCTION

Growing patient demands for esthetics and con-
cerns about environmental contamination by amal-
gam have led to a large increase in restorations using
dental composites. Polymerization of dental compos-
ites occurs through a chain reaction that is induced
by free radicals. If composite is exposed to air during

this process, oxygen in the air decreases the
excitability of the photo initiator and stabilizes the
free radicals, causing polymerization interference or
delay. As a result, oxygen inhibition layer (OIL) is
formed on the surfaces of cured composites.
Depending on the type of composite used, the thick-
ness of the OIL is between 10 and 200 #m."” The
OIL adversely affects the prognosis of composite
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restorations since it reduces surface hardness, wear
resistance, and marginal adaptation of composite
restorations.”®

The OIL cannot be completely removed by occlusal
adjustment, finishing, or polishing procedures after
curing, and the partial remnants of the OIL reduce
the quality of the final restoration. Therefore, in
order to minimize the OIL as much as possible, its
formation can be reduced by curing the composite
after inhibiting oxygen contact either through the use
of a Mylar strip or application of glycerin to the com-
posite surface.”” A Mylar strip or plastic matrix can
be used for proximal and bucco-lingual cavities, but
glycerin application is more effective for complicated
occlusal cavities and areas with limited access.

The surface hardnesses of composites cured using a
Mylar strip were initially lower than those of compos-
ites polished after being cured in the air, however,
after six days, no differences remained. When
ceramic restorations are adhesively luted with resin
cements, OIL formation can be prevented by curing
the resin cement with a surface application of glyc-
erin.” However, there is a lack of studies that quanti-
tatively compare the effects of Mylar strip use, appli-
cation of glycerin, and surface polishing.

The purpose of this study was to investigate effec-
tive procedures for preventing OIL formation or
reducing already formed OIL. In this study, compos-
ites were cured in different ways and their surface
hardnesses were compared, using a Mylar strip; via

glycerin application; cured in air, coated with glyc-
erin, then cured again; and finished and polished.

MATERIALS AND METHODS
Materials

A universal hybrid composite, Z-250 (3M ESPE,
St. Paul, MN, USA), was used for the measurement
of surface hardness under different curing conditions.
An LED light-curing unit (Elipar Freelight, 3M
ESPE) was used at a light intensity of 700 mW/cm?.
The surface hardness was measured with a Vickers
micro-hardness measuring instrument (HMV,
Shimadzu, Kyoto, Japan).

Measurement of surface hardnesses of com-
posites cured under various conditions

A disc-shaped brass mold (outer diameter 12 mm,
inner diameter 6 mm, thickness 3 mm) was fabricat-
ed. The brass mold was placed on a clean mixing
sheet, and a thin plastic disc (outer diameter 12 mm,
inner diameter 6 mm, thickness 0.2 mm) was placed
on top of the mold, which was then filled with com-
posite. A Mylar strip and a glass slide were placed on
the top of the composite and pressed to remove
excess material. The composite specimens were then
cured for 40 seconds according to the following proto-
cols (Figure 1).

In air
0.2 mm thick plastic disc
Group 1 EIE T 3 mm thick brass mold
Composite
Group 2 E Mylar strip
ﬁ Glycerin
Group 3
In air Light curing
Group 4 T for 20 sec

= Light curing for 40 sec

" ﬁelycerin 1, Light curing
for 20 sec

Figure 1. Schematic illustrations of surface treatments and curing for the four groups.
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« Group 1 (control): The specimen was exposed to
air and light cured for 40 seconds (OIL was
allowed to form).

* Group 2: The specimen was covered with a Mylar
strip and light cured for 40 seconds (OIL formation
was prevented).

* Group 3: The specimen was surface coated with
glycerin and light cured for 40 seconds (OIL forma-
tion was prevented).

*Group 4 The specimen was exposed to air and
light cured for 20 seconds. A surface coating of
glycerin was then applied, and the sample was
light-cured for an additional 20 seconds (the
already-formed OIL was additionally cured).

In all groups, the distance between the light-curing
tip and the specimen was maintained at 1 mm dur-
ing the 40 seconds curing. Every step of the proce-
dure was performed in a room with yellow light in
order to eliminate any unwanted effects from ambi-
ent light sources during specimen preparation and
curing. Following curing, all specimens were rinsed
in running water for 10 seconds and dried naturally.

Twenty specimens were prepared for each group.
The surface hardnesses of ten specimens were mea-
sured without any further treatment. The other 10
specimens were measured after removing the 0.2 mm
plastic disc and polishing the composite projecting
above the brass mold using No. 500 and 1,200 SiC
paper under water spray. The times from initial cur-
ing to hardness measurement were identical for both
non-polished and polished specimens.

After curing, each specimen was stored under
100% humidity at a temperature of 25T for five

days, after which the surface hardness was measured
again. Surface hardness was measured with a
Vickers micro-hardness measuring instrument using
a load of 9.807 N for 10 seconds. To reduce measure-
ment errors among different areas within a specimen,
the surface hardness of three points per specimen
were measured and averaged to produce the repre-
sentative value for that specimen.

Statistical analysis

Three-way analysis of variance (ANOVA) and
Tukey s post hoc tests were applied to determine the
statistical significance among groups based on the
curing method, surface polishing, and measurement
time. Statistical analysis was performed with SPSS
version 14.0 (SPSS Inc., Chicago, IL, USA) at a sig-
nificance level of @ = (0.05.

RESULTS

The surface hardnesses of the four groups according
to surface polishing and measurement time are pre-
sented in Table 1 and Figure 2. Results of the statis-
tical analysis which evaluated the effects of groups,
surface polishing and measurement time and their
interaction on the surface hardnesses are summa-
rized in Table 2. The surface hardnesses of unpol-
ished specimens immediately after curing decreased
in the following order: group 2> 3 >4 > 1 (p < 0.001).
Five days after curing, there was no significant differ-
ence between groups 2 and 3, whose hardness values
were greater than those of groups 1 and 4.

Table 1. Vickers surface hardnesses (HV) of the four groups according to surface polishing and measurement time

No polishing

Polishing

Group Immediately

Five days later

after curing

Immediately .
. Five days later
after curing

1 (Air) 46.1 (3.2)° 58.1 (3.8)° 112.2 (10.7)* 143.7 (8.2)
2 (Mylar strip) 82.5 (2.8) 94.8 (7.2)" 119.9 (17.2)* 145.9 (11.3)"
3 (Glycerin) 75.2 (3.5)" 89.6 (6.7)" 118.6 (14.8)* 147.9 (11.8)°
4 (Air + Glycerin) 55.3 (4.6)° 63.7 (7.0)° 113.7 (11.7)* 142.9 (9.9)°

Numbers in parenthesis are standard deviations.

Same superscripts in the same column represent a lack of statistically significant difference.
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O Immediate after curing without polishing
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Vickers surface hardness (HV)

Figure 2. Vickers surface hardnesses (HV) of the four groups
according to surface polishing and measurement time.
Group 1, light cured in air; Group 2, light cured with
Mylar strip; Group 3, light cured with glycerin; Group 4,
light cured in air + additional light cured with glycerin.

For specimens where 0.2 mm of composite were
polished away, there was no significant difference in
surface hardness among the four groups either imme-
diately after polishing (p » 0.05) or five days later (p
> 0.05). The hardness measured after five days
showed increases of 14.9% (group 2) and 26.0%
(group 1) for non—polished specimens and 21.7%
(group 2) and 28.1% (group 1) for polished speci-
mens compared to the hardness values determined
immediately after curing. The surface hardnesses of
specimens in which 0.2 mm of composite were pol-
ished away increased in specimens both right after
curing and five days after polishing. The effect of pol-
ishing was significantly different among the groups.

The surface hardnesses of the polished specimens
right after curing and five days after polishing
increased by 143.4% and 147.4% in group 1, 105.7%
and 124.3% in group 4, 57.8% and 65.0% in group
3, and 45.4% and 54.0% in group 2 compared to the
values from the non-polished specimens. A high
degree of interaction was found between surface pol-
ishing and experimental groups, but no interaction
was seen between measurement time and groups.

DISCUSSION

This study was performed to identify effective pro-
cedures that could prevent or reduce OIL formation
during curing. The measurement for surface hard-
ness of composites is an indirect method for evaluat-
ing the relative degree of polymerization.®” Oxygen is
a powerful inhibitor which retards or even terminates
polymerization. Therefore, the measurement for sur-
face hardness of composites was used for evaluating
the quantity of OIL formation in this study. The
degree of polymerization is affected by many factors
such as initiator,* filler content and size, color, light
intensity, curing time."” OIL formation is also affected
by these factors.”* Therefore, this study was carried
out at fixed values of the aforementioned conditions.

For the unpolished specimens measured right after
curing, the use of a Mylar strip was most effective in
preventing OIL formation, and the application of
glycerin before curing was the second most effective
method. When additional curing with glycerin
applied to specimens already cured in air, the surface
hardness increased compared to those of specimens

Table 2. Three-way ANOVA results for Vickers surface hardnesses (HV) among groups, surface polishing and

measurement time

Source F Significance
Groups 47.3 0.000
Surface polishing 1629.7 0.000
Measurement time 188.0 0.000
Groups * Surface polishing 24.9 0.000
Groups * Measurement time 0.3 0.825
Surface polishing * Measurement time 33.5 0.000
Groups * Surface polishing * Measurement time 0.3 0.796
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solely cured in air. It is speculated that since a Mylar
strip blocks any contact with air, only the oxygen
already present within the composite contributes to
OIL formation, thus minimizing OIL formation.
However, when glycerin is used, minute amounts of
oxygen in the glycerin in addition to that already
existing on the composite surface may support the
formation of an OIL, leading to a greater amount of
OIL formation than that observed with the Mylar
strip method. When glycerin is applied to previously
cured composites and additionally cured, initiators
remaining in the OIL might be converted into free
radicals, supporting the occurrence of additional
polymerization in an oxygen-restricted state.
However, in this case, the surface hardness was rela-
tively lower than those of groups 2 and 3 in which
oxygen was restricted throughout.

In every case, there was a significant increase in
surface hardness five days after curing. This indi-
cates that additional polymerization occurred during
the five days in which the specimens were stored, in
agreement with the results from several previous
studies.*"*" Non-reacted free radicals remain in com-
posites even after light activation and react with free
monomers to produce a continued polymerization
chain reaction. This additional polymerization by free
radicals occurs considerably during the first hour and
has been reported to persist over the course of one
month.”™ In the unpolished specimens, the surface
hardnesses of the group that used a Mylar strip and
the group cured with glycerin were similar five days
after curing. These two methods resulted in greater
hardness than that achieved through supplemental
curing with glycerin after the initial cure.

Removal of 0.2 mm of material from the surface of
the composite via polishing led to a large increase in
surface hardness compared to that observed with no
polishing. This result is due to exposure of the solid
surface under the OIL after removal through polish-
ing. The subsurface under the OIL is not influenced
by oxygen, and its temperature increases more than
that of the surface during polymerization, resulting
in a greater degree of conversion.”® Furthermore, in
contrast to unpolished specimens, the hardnesses of
the polished specimens showed no differences based
on the curing method. Based on these results, it was

JKACD Volume 36, Number 6, November, 2011

inferred that the OIL is limited to 0.2 mm in depth,
and that curing methods which affect OIL formation
do not influence composites that are greater than 0.2
mm thick.

Interactions between surface polishing and curing
methods were observed. As explained above, there
was a significant difference in hardness depending on
the curing method for unpolished specimens.
However, when the OIL was removed via polishing,
there were no differences in hardness. On the other
hand, there was no interaction between measure-
ment time and curing method. In other words, the
differences in surface hardness among the groups
observed immediately after curing decreased slightly
with time but were maintained to some degree.

Among the procedures tested in this study, the
most effective method for reducing OIL formation
was polishing after light curing. Polishing results in a
higher surface hardness than that produced when a
matrix is used,” is effective in preventing discol-
oration,” and is advantageous in achieving a satis-
factory surface and marginal adaptation.” Clinically,
however, the OIL may not be able to be completely
removed and can remain in deep pits and fissures
even after polishing. Therefore, in order to reduce the
amount of OIL on composites as much as possible, it
is recommended that a Mylar strip be used for proxi-
mal and bucco-lingual cavities, and that glycerin be
applied for occlusal surfaces and hard-to-reach cavi-
ties during curing.
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relevant to this article was reported.

REFERENCES

1. Shawkat ES, Shortall AC, Addison O, Palin WM.
Oxygen inhibition and incremental layer bond
strengths of resin composites. Dent Mater 2009:25:
1338-1346.

2. Peutzfeldt A, Asmussen E. Oxygen-inhibited surface
layers on Microfill Pontic. Acta Odontol Scand 1989;
47:31-33.

3. Kim SY, Cho BH, Baek SH, Lee IB. Is an oxygen inhi-
bition layer essential for the interfacial bonding
between resin composite layers? J Kor Acad Cons Dent
2008;33:405-412.

4. Park SH, Krejci I, Lutz F. Hardness of celluloid strip-
finished or polished composite surfaces with time. J
Prosthet Dent 2000:83:660-663.

Effect of glycerin on the surface hardness of composites 487



Basic Research

10.

11.

488

. Bergmann P, Noack MJ, Roulet JF. Marginal adapta-

tion with glass—ceramic inlays adhesively luted with
glycerine gel. Quintessence Int 1991:;22:739-744.

.Asmussen E. Restorative resins: hardness and

strength vs. quantity of remaining double bonds. Scand
J Dent Res 1982:90:484-489.

. Rueggeberg FA, Craig RG. Correlation of parameters

used to estimate monomer conversion in a light-cured
composite. J Dent Res. 1988:67:932-937.

. Tak HS, Park SJ. Influences of camphroquinone on the

properties of composites. J Kor Acad Cons Dent 2001;
26:41-50.

. Kim CG, Moon HJ, Shin DH. Optimal combination of

3-component photoinitiaiton system to increase the
degree of conversion of resin monomers. J Kor Acad
Cons Dent 2011:36:313-323.

Ruyter IE., Oysaed, H. Conversion in different depths
of ultraviolet and visible light activated composite
materials. Acta Odontol Scand 1982:40:179-192.
Gauthier MA, Stangel I, Ellis TH, Zhu XX. Oxygen
inhibition in dental resins. J Dent Res 2005:84:725-
729.

Park HH et al.

12.
13.

14.

15.

17.

18.

Ruyter IE. Unpolymerized surface layers on sealants.
Acta Odontol Scand 1981:39:27-32.
Helvatjoglou-Antoniadi M, Papadogianis Y, Koliniotou-
Kubia E, Kubias S. Surface hardness of light-cured
and self-cured composite resins. J Prosthet Dent 1991
65:215-220.

Watts DC, McNaughton V, Grant AA. The develop-
ment of surface hardness in visible light-cured posteri-
or composites. J Dent 1986:14:169-174.

Watts DC, Amer OM, Combe EC. Surface hardness
development in light-cured composites. Dent Mater
1987;3:265-269.

. Asmussen E, Peutzfeldt A. Influence of specimen diam-

eter on the relationship between subsurface depth and
hardness of a light-cured resin composite. Eur J Oral
Sci 2003:111:543-546.

Hachiya Y, Iwaku M, Hosoda H, Fusayama T. Relation
of finish to discoloration of composite resins. J Prosthet
Dent 1984:52:811-814.

Hannah CM, Smith GA. The surface finish of compos-
ite restorative materials. Br Dent J 1973:135:483-
488.

JKACD Volume 36, Number 6, November, 2011



Basic Research

HFEH: B AT BAL AU SX} B F9 ;‘z £ oA B34S get g S
oIF T ¥ el vl Fele) 3% B B8 (2250, F vhe st 2ol 35 sk, 120

S
Z
=
0N
s
=
o
O{N'

Z27)2 53Ex 39S 7] Foll =& § 40% BF FE2A} 2“3% A Mylar stripo 2 9 & 40% F2A} 3T
S EHUE glycerin® & =X F 40z F2AL 478 §7] Fo =E3AIA 202 F2ARE the AlH EHe glycerin ® &
X & FUERE 202 B9t FEAL AT 24 25T 20709 Al S FHISEE AL, vt EE AnkE ofA] ¥a Al 1Y
AEE ST bY & 4 Al RHAEE A S48t dloH = three-way ANOVAS} Tukey s post hoc test
£ o]&3t] EA 8.

Zop: 33 A 3 AdvlelA] ¥ Al ERARE 27 ) 37 ) 47 ) 179 Tolih. Avket A 7 Afole] frolgk A}
ol STt 22 T oAM= hY F FUALI} T3 A F Eot Skt dnket A4t dnfeiA] & ASEY o =

AU

Fele #HEEE 7M7) A 7P F2 WS Avkla, £8 A Mylar stripe] AH-elu glye-

JKACD Volume 36, Number 6, November, 2011 Effect of glycerin on the surface hardness of composites 489





