
ABSTRACT

Objectives: This study was designed to evaluate the effect of natural cross linkers 
(Propolis and Hesperidin) on shear bond strength (SBS) to dentin after storage in dif-
ferent media. Materials and Methods: Ninety extracted molars were used and divided 
into three main groups according to dentin surface treatment (n=30) where, A1: treated 
with Propolis, A2: treated with Hesperidin and A3: receive no treatment to serve as a 
control group. Each group was further subdivided into 3 subgroups  (n=10) according 
to the storage media either stored in Acids (B1) or stored in Artificial saliva (B2) or 
stored in distilled Water (B3). The shear bond strength (SBS) was determined using a 
universal testing machine. Results: The dentin specimens treated with Propolis showed 
significantly highest SBS. Conclusion: Both Propolis and Hesperidin cross linking 
agents are considered beneficial in improving bonding to dentin, though Propolis was 
much more effective. Storage media has deteriorating effect on resin-dentin shear bond 
strength.

INTRODUCTION

The achievement of an efficient and stable bond between tooth sub-
strate and resin materials remains a challenge in restorative dentistry. 
The primary aim of dental adhesives is to provide retention to com-
posite cements and withstand mechanical forces and shrinkage stress 
from the lining composite (1). Clinically, failure of restorations occurs 
mainly due to inadequate sealing and hydrolytic degradation of both 
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resin material and dentin collagen that leads to loss 
of retention (2,3).

Most of the developments in adhesive dentist-
ry have focused on the improvement  of  bonding  
agents  and  techniques, while limited  investiga-
tions  have explored  the  contributions of  collagen  
structure and stability  to the bond  strength. The 
presence of cross-linkers in solubilized collagen 
provide strength, reinforcement and stabilization 
of fibrils (4). Extrinsic collagen cross-linking agents 
may induce additional inter- and intra-molecular 
cross-links, enhancing collagen mechanical prop-
erties and its resistance to enzymatic degradation 
which is advantageous to the dentin bonding (5).

Propolis is a natural resinous material that honey-
bees collect from various plant species. Flavanoids 
in propolis, being natural anti-oxidants and free 
radical scavengers, increase collagen synthesis and 
enhance collagen stabilization (6).

Hesperidin is a glycoside flavonoid antioxidant 
abundantly present in citrus fruits, The alleged ac-
tion of this natural agent in protecting collagen 
against degradation is inhibition of MMPs and sta-
bilization of the collagenous matrix (7).

Storage media is an important factor that affects 
the durability of the bond. Period of immersion in 
solutions as well as the frequency that this solu-
tion is changed can be important for degradation 
process(8). Therefore, this study was designed to 
evaluate the effect of collagen cross linkers on bond 
strength to dentin.

MATERIALS AND METHODS

1. Teeth Selection:

A total of ninety human sound molars were 
collected for this study and extracted from an age 
group of 20-40 years due to impaction or peri-
odontal reasons to obtain specimens of sound 
dentin. Immediately after extraction, each tooth 
was thoroughly washed under running water to re-

move blood and then the teeth were scaled using 
sharp hand scaler (Martin-Germany) to remove any 
plaque, calculus, mucous and adhering soft tissue 
shreds. Teeth were examined with magnifying lens 
at 6x magnification (Univit) to exclude any teeth 
with cracks, fracture or pathological abnormality. 
The teeth were stored in deinoized water and thy-
mol at refrigerator 4°C for a maximum period of 
one month until used (9).

2. Preparation of natural cross-linkers agents:

A. Hesperidin: 5g powder was dissolved in 5ml 
100% dimethylsulphoxide oxide (DMSO) then di-
luted with distilled water to be 0.5with % to 10% 
DMSO as the final concentration (10).

B. Propolis: 25 g powder was dissolved in 50 ml 
dimethyl sulfoxide (DMSO) (100%, w/v) by mag-
netic mixer for 24 h at 37°C. Working solutions at 
concentrations of 10% were then prepared in sterile 
saline solution (11).

3. Specimens preparation:

The occlusal enamel of each sound tooth was 
ground using a grinding machine (Demco E96, 
Dental Maintenance co., INC.USA.) under water 
coolant to expose the dentin just beneath DEJ (den-
tin enamel junction). Dentin surface were hand pol-
ished with 600 grit silicon carbide abrasive paper 
under running water to create a uniform surface. 
The ground surface was examined using a magnify-
ing lens at 6x magnification to verify that all enamel 
was removed. The flat surface was acid-etched for 
15 seconds with 37% phosphoric acid Scotchbond 
universal etchant) then thoroughly rinsed with wa-
ter for 15 seconds and dried with air.

4. Specimens grouping

The specimens were divided into three main 
groups according to materials used for dentin sur-
face treatment. A1: the dentin surface treated with 
Propolis solution for 20s then dried with air for  
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10s.(11) A2: the dentin surface treated by Hesperi-
din at 37c for 12h (10), then dried by air A3: did not 
receive any treatment. Disposable applicator brush 
was used to apply 2 consecutive coats of the ad-
hesive (with fully saturated brush tip) to the entire 
tooth structure and was rubbing it in for 20 seconds, 
subsequently a gentle stream of air was directed 
over the liquid for about 5 seconds until it no lon-
ger moved to evaporate the solvent completely. The 
adhesive was then curing with a 3M ESPE Eliper 
light curing unit (LEDition curing unit 3M ESPE 
AG, ESPE Platz, 82229 Seefeld. Germany.) at an 
intensity of 1200W/cm2 for 20 seconds. The surface 
was built up with resin composite (Filtek Z350XT 
body shade A3) by using specially constructed Tef-
lon mold with internal dimensions of 2 mm height 
and 3 mm diameter (12) then cured by 3M ESPE Eli-
per light curing unit for 20 seconds.

5. Specimens storage:

The specimens were further divided into three 
subgroups according to storage media B1. acidic 
solution was left for 2hr then washed with distilled 
water and stored in deionized water for the rest 
period(13). B2. artificial saliva at room temperature 
ranged from (25to30°C) for 28 days (14). The artifi-
cial saliva was refreshed every day and the speci-
mens were washed with distilled water. B3. distilled 
water for 28 days. Specimens were then prepared 
for shear bond strength.

6. Shear bond strength test:

Shear bond strength testing was done using 
Galdabini Quaiser 600 mechanical testing machine 
(Gladabini Quaiser 600, Italy with a load cell of 50 
kN). A specially designed upper attachment for the 
machine was fabricated with the same dimensions 
of the composite disc to fit into it. The blocks were 
then mounted on the lower attachment and the up-
per attachment held the composite disc in the testing 
machine. They were then tested in shear at a cross-
head speed of 0.5 mm /min until fracture. Maximum 

load needed to facture the bond was obtained in 
Newton (N). Shear bond strength was then calcu-
lated from the following equation:

Shear bond strength =
max. Load in Newton

Area in mm²

7. Statistical analysis:

Two-way ANOVA test was used to study the ef-
fect of material and storage media on shear bond 
strength. Tukey’s post-hoc test was used for pair-
wise comparisons between variables when ANOVA 
test is significant. The significance level was set at 
P ≤ 0.05. Statistical analysis was performed by IBM 
(IBM Corporation, NY, USA.) SPSS (SPSS, Inc., an 
IBM Company.) Statistics Version 20 for Windows.

RESULTS

I. The effect of cross linking agents on SBS:

The mean and standard deviation for SBS of 
different tested cross linking materials were pre-
sented in Table (1) and Fig (1). There was a highly 
significant difference between the tested materi-
als (p<0.001). The results revealed that Propolis 
showed the statistically significantly highest mean 
SBS value (26.5±4.5). There was no statistically sig-
nificant difference between Hesperidin (24.5±2.1) 
and control group (23.6±2.4) both showed statisti-
cally significantly lower mean SBS values. 

Table (1) The mean and standard deviation of SBS 
for  different cross linking agents

Propolis Hesperidin Control
P-value

Mean SD Mean SD Mean SD

26.5 A 4.5 24.5 B 2.1 23.6 B 2.4 <0.001*

*: Significant at P ≤ 0.05, Different superscripts are 
statistically significantly different
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II. The effect of storage media on SBS:

The mean and standard deviation for SBS of 
different tested cross linking materials were pre-
sented in Table (2) and Fig (2). There was a highly 
significant difference between the storage media 
(p<0.001). The results revealed that distilled water 
showed the statistically significantly highest mean 
SBS value (27.0±4.6). There was no statistically 
significant difference between acid (23.9±1.9) and 
artificial saliva (23.8±1.8); both showed a statisti-
cally significantly lower mean SBS.

Table (2) The mean and standard deviation of SBS 
for different storage media

Acid
Artificial sa-

liva saliva
Distilled water

P-value

Mean SD Mean SD Mean SD

23.9 B 1.9 23.8 B 1.8 27.0 A 4.6 <0.001*

*: Significant at P ≤ 0.05, Different superscripts are 
statistically significantly different

DISCUSSION

Adhesive dentistry is a rapidly evolving dis-
cipline. For many years the dental profession has 
strived to achieve good adhesion of resin compos-
ite to tooth substrate. Increasing the collagen resis-
tance against the degradation process may improve 
the stability of the resin-dentin bonded interface; 
this was the main purpose of incorporating collagen 
cross-linkers into the bonding process. Collagen 
cross-linkers are effective in protecting collagen 
fibrils from degradation through enhancing the col-
lagen’s chemical and mechanical properties. More 
recently their benefits in dentin bonding have been 
credited as they have the ability to inhibit the ac-
tivity of host-derived metalloproteinases (MMPs). 
However, all of the cross-linking agents reduced or 
eliminated the MMPs’ activity at the dentin-bond-
ing interface (15).

In the present study two cross-linkers agents 
were used (Propolis and Hesperidin). Propolis is a 
natural resinous material has been extensively used 
in dentistry. Flavonoids, caffic acids and cinnamic 
acid derivatives have been widely cited as the main 
biologically active compounds. However, the exact 
composition of Propolis from different botanical or-
igins may vary and its biological effects are similar. 
Propolis being natural, anti-oxidants and free radi-

Fig. (1) Histogram representing mean and standard deviation 
values of shear bond strength of different cross linking 
agents

Fig. (2) Histogram representing mean and standard deviation 
values of shear bond strength for different storage 
media
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cal scavengers, increases collagen synthesis as well 
as accelerates the conversion of soluble collagen to 
insoluble collagen during development to enhance 
collagen stabilization and collagen formation con-
tributing to dentin stabilization. It can be considered 
as one of the pre-treatment regimes prior to appli-
cation of bonding agents. This new collagen sta-
bilizing agent seems to have a promising future to 
achieve a restoration with stable bonding abilities(6).

Hesperidin (HPN) hesperetin-7-O-rutinoside is a 
glycoside citrus flavonoid that is able to improve the 
immediate bond strength, mechanical properties of 
resin dentin interfaces, stabilizing collagen matrix 
and inducing remineralization as well as manage-
ment of root caries (16). Dimethyl sulfoxide (DMSO) 
was used in this study to prepare Hesperidin and 
Propolis. It is used as solvent in adhesive dentistry 
due to its ability to penetrate biological surfaces 
without causing dissociation of extracellular ma-
trix collagen. This effect may  be related either to 
DMSO’s ability to compete with water molecules in 
interpeptide hydrogen bonding in collagen  matrix 
or the ability to change the collagen interfibril spac-
ing on a submicrometer scale (17).

In the present study, three storage media were 
used (acids, artificial saliva and distilled water) to 
simulate the aging phenomena within the oral cav-
ity. The period of storage in this study was 28 days, 
according to the ISO technical specification 11405 
which states that bond strengths should be measured 
within six months after teeth extraction (18).

On comparing the mean SBS of different cross 
linkers, there was a statistically significant differ-
ence of SBS between the two cross linking agents. 
The results revealed that Propolis showed the sta-
tistically significantly highest mean shear bond 
strength value. This may be attributed to the pres-
ence of flavonoids in Propolis that react with col-
lagen proteins via four mechanisms: covalent inter-
actions, ionic interactions, hydrogen bonding and 
hydrophobic interactions (6). This in turn decreases 
the enzymatic degradation of restoration interfaces, 

modifies the tooth surface with collagen cross-link-
ing, produces fibrillar and collagen stabilization and 
hence increases bond strength of dentin. Moreover, 
Propolis stimulate the production of transforming 
growth factor (TGF) Beta 1 which is important for 
the differentiation of odontoblasts and also induces 
the synthesis of collagen (19).

These results were in agreement with other stud-
ies (11,6) which reported flavonoids and caffeic acid 
present in Propolis are known to play an important 
role in the stimulation of various enzyme systems, 
cell metabolism, collagen formation contributing to 
dentin stabilization and increase bond strength. 

There was no statistically significant difference 
between Hesperidin and control groups; both showed 
statistically lower mean shear bond strength. These 
findings were in disagreement with a recent study(20) 
which concluded that use of Hesperidin highly in-
creases the mechanical properties this may be due 
to differences in the application of the material as 
HPN was incorporated in the primer, pretreatment 
agent and sample size (20).

In this study on comparing the mean SBS of dif-
ferent storage media there was a statistically sig-
nificant difference between different storage media. 
Results revealed that distilled water showed the sta-
tistically significant highest mean shear

bond strength. However, there was no statisti-
cally significant difference between acid and arti-
ficial saliva; both showed statistically significant 
lower mean shear bond strength. Water sorption by 
hydrophilic and ionic resin monomers within both 
hybrid layer and adhesive layer may contribute to 
the degradation of resin-dentin bond strength over 
time. Also incompletely infiltrated deep areas in the 
hybrid layer contain denuded collagen fibrils which 
could be responsible for degradation and provide a 
pathway for host derived enzymes. These enzymes 
are class of zinc and calcium dependent endopep-
tides and responsible for auto-degradation of col-
lagen matrices. This might have led to hydrolytic 
degradation and decrease the bond strength over 
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time due to thinning and disappearance of collagen 
fibrils from incompletely infiltrated aged a hybrid 
layer (21).

The current results revealed that Propolis 
showed the statistically significantly higher mean 
shear bond strength after storage in distilled wa-
ter. However, there was no statistically significant 
difference between acid and artificial saliva; both 
showed statistically significant lower mean shear 
bond strength. This result was in agreement with a 
study (22) that found after aging, a decrease in bond-
ing effectiveness was observed in all materials af-
ter aging. Similar results were also found by other 
study (23) who demonstrated a decrease in the bond 
strength of total-etch adhesive system.

Regarding Hesperidin, there was no statistically 
significant difference between the different storage 
media. This result was in agreement with a recent 
study(20) who believed that Hesperidin have a po-
tential to preserve the bonded interface, thereby im-
proving the long-term bond durability.

CONCLUSIONS

1- Both Propolis and Hesperidin cross linking 
agents are considered beneficial in improving 
bonding to dentin, though Propolis was much 
more effective. 

2- Storage media has deteriorating effect on resin-
dentin shear bond.
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