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Abstract

Background: A variety of cements have been used in dentistry through many years for two primary
purposes. as restorative filling materials, either alone or with other materials, and to retain restorations
or appliances in a fixed position within the mouth. In addition, certain cements are used for specialized
purposes in the restorative, endodontic, orthodontic, periodontic, and surgical fields of dentistry.
Cement solubility and water sorption could be a primary cause of restoration failure.

Aim of study: To evaluate the water sorption and solubility of different commercially available denta
cement materials.

Materials and Methods. Thirty disks (9x2 mm) of zinc polycarboxylate, zinc phosphate and glass
ionomer cements (ten disks for each one) were prepared according to manufactures instructions. After
setting, they were desiccated and weighed and each specimen were immersed in distil water for 7 days,
then removed and weighed again. Then disks were again desiccated and weighed. Solubility and water
sorption values were cal cul ated from these different measures.

Results and Conclusion: The results shows that the polycarboxylate cement show the highest value of
water sorption and water solubility followed by zinc phosphate cement. Glass ionomer cement shows
the lowest values of the three materials tested regarding both water sorption and water sol ubility.

-

ADIAY
A 3 5aS Ty Cpad Gpdl e Glo LYl b el 8 caadl e diline gl clli ALARY
) Jals el pige b S ) il el Jal e Cilesind WISy 5 A1 Jse pe J aaasl W piall
by JERYI i) g i) A set) Va6 Rali (2 a2 caadl) gl s el I oYL
e o) i) G V) ) (5550 8 4 Al elall ciand) (el () L alsal i) o e
sl 8 A e e sl A st g el el (ol g G 138

I el A 5 pde) sesisl QS 5 il CDLLS g Sl 5 il Clind (e (2009) (af G0 1Esk) 5 N el
s 530 i ol i Lo o5 e S5 e 3 Leind 8 ol o Ses - comimal Slica i U pinn 5 (g 5
GV (Lo 5 48 sl 5 oL il o iy o (o Leind 8 L aim on by 5 Cmal o
Ll o3 e

el a4 Josil g ol Gl b b el el S S ) Cited () an g il RSB g gl

A s g el b NS i & ) 3 sl (g B el e gl GOUS) i) il

Introduction and restorations for teeth. These
Ithough dental cements are used multiple uses of dental cements require
in small quantities, they are the more than one type of cement; since no

most important materias in clinica one material has yet been developed

dentistry because of their application that can perform all the desirable

as luting agents,  orthodontic requirements, these different

attachments, cavity linings and bases, gpplications require different physica
410
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properties and appropriate clinica
manipulative  characteristics [1].
Solubility and water sorption is an
important feature in assessing the
clinica durability of dental cements.
Consequently, solubility of dentd
cements has been widely evaluated
both in vitro and in vivo [2-4].

Water sorption and solubility may
cause degradation of the cement,
leading to debonding of the restoration
and recurrent decay [2, 5, 9]. However,
most of these tests are static solubility
tests, unrelated to the conditions found
in the orad environment, and in
particular, applied only to short-term
solubility, While some investigators
study the solubility in dynamic state
(different pH) [6, 7]. It’s clear that the
clinicd success of fixed partid
prostheses is heavily dependent on the
cementation procedure, because denta
cement must be used to act as a barrier
against microleakage [8, 15]. Dentd
cements can degrade when exposed to
sdliva in the mouth, and the resulting
gap between the tooth and the
restoration predisposes the tooth to
caries, post operative hypersensitivity,
pulpa inflanmation and periodonta
disease [9]. Water sorption and
solubility of cements leads to
dimensona changes, loss of retention,
staining and bresking in margin
contours and may affect the
mechanica behavior such as the
flexural strength, Vickers hardness and
mechanical stability [10-13].

The solubility of dental luting cements
influences  both  ther rate of
degradation and their biologica
compatibility [14]. Because of this, the
water sorption and solubility of dental
cements are of considerable clinica
importance and can not be overlooked.

Materials and Methodes

The ADA gpecification #8 (zinc
phosphate cement solubility) [24] was
adapted with few modification to
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design the methodology used in this
study, digtilled water used as storage
media as the ADA specification #8
suggests , and the storage time were 1
week [16].

The materials used in this study and its
composition are listed in table (1) and
shown in figure (1).

Thirty discs were prepared (ten discs
for each material) measured (9 mm in
diameter and 2 mm in thicknesses).
The powder —liquid ratio and mixing
of the components of each materia
was carried according to manufacturer
instructions.

The samples were prepared using a
specialy designed plastic syringe (with
a stopper on its body) (figure 2), the
resulting space inside the syringe has 9
mm diameter and 2 mm thickness. The
syringe were loaded with the cement
material with slight excess and pressed
against a polyester strip placed on
glass dlab, after setting of the cement
we remove the excess material and
remove the stopper of syringe and push
the plunger to extrude the disc of
cement. Then the samples weighed
with precision weighing scale (Denver
instruments MXX-123-USA) (figure
3), the initial weight is termed (W1).
Immediately after weighing the
samples, they were immersed in
individually numbered distilled water
tubes and held in stand (figure 4) at 37
C for 1 week in an incubator
(Memmert, Germany) (figure 5),
removed and weighing again (W5).
The samples then dehydrated in an
oven a 370JC for 24 h and weighed
again (W3).

The loss of material (solubility) was
obtained from the difference between
the initial and final drying mass of
each sample (W1-W3).

The water sorption was obtained from
the difference between initial weighing
and the wet weighing (W2-W ).

The vaues of water sorption (Wsp)
and solubility (Wsol), in pg/mm?® for

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Medical Journal of Babylon-Vol. 7- No. 4-3-2010 2010 - aol il g CIAY sa) - adbad) slaall Audal) Jibs e

each sample were calculated using the Where V is the volume of sample in
following equations [10, 17]: mm?= (127.17 mm?).

Wsp = (W2-W1) /V The data were subjected to one-way
Wsol = (W1-W3) / V ANOVA, and LSD test at a 0.05

significance level.

Table 1 Materials used in this study

Material Compaositions Batch # M anufacturer
Powder: zinc oxide, magnesium oxide,

Adhesor auminum tri hydroxide and boron trioxide. N1-1911639 | Spofadental as.

(@nc Liquid: agueous solution of phosphoric acid | Exp. 12-2013 | Marakova- CZ

phosphate) | and aluminum orthophosphate

Adhesor Powder: oxides (Zn, Mg, Al), boric acid.

carbofine Liquid: anflic acid, mddc add 1880391-2 Spofadental a.s.

( zinc poly an_q—hydride, distilled water. Exp. 11-2013 | Marakova- CZ

carboxylate)

Mledicem Poly acrylic acid , flouro silicate and | 0844212 Promedica

(glass parabens Exp. 03-2014 | Germany

ionomer )

Figure 1 Materials used in this study
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Figure 2 the syringe used in this study

Figur e 3 Precession weighing device
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Figure5 Incubator

Reaults

The Mean values of W1, W2, W3, for
al materids used in this sudy are
shown in table (2).

The water sorption and water
solubility are shown in table (3).
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The mean vaues shows that the
polycarboxylate cement show the
highest value of water sorption and
water solubility followed by zinc
phosphate cement. Glass ionomer
cement shows the lowest values of the
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three materids tested regarding both
water sorption and water solubility as

shown in figure (6) and figure (7).

Table 2 Mean values in gram for weighing.

Material

GIC

Zn.Ph.

Zn.
Polyca-
rboxylate

w1

(mean)/gm o
0.2538 253800
0.5179 517900
0.3234 323400

W2
(mean)/  gu
gm

0.2804 280400

0.5499 549900

0.3723 372300

w3
(mean)/gm

0.2481

0.5107

0.31478

o

248100

510700

314780

Table 3 mean valuesin pg/mm? of W.Sor and W.Sol. for all materials.

Material W.Sor
GIC 219.17
Zn.Ph. 251.63
Zn. Polycarboxylate 345.99

(ug/mm?)

W.Sal (pg/mm?®)

44.82

56.62

61.34

0.7

0.6

-Nele
8 zn.ph.

O 7n. Polycar boxylate _—

0.5

0.4

- 0.3

W3 (mean)/ gm

W2 (mean)/ gm

W1 (mean)/ gm

Figure 6 Bar chart showing the mean values for weighing in grams.
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Figure 7 Bar chart showing water sorption and water solubility in pg/mm>.

The water sorption values showed
correlation with the solubility values
the higher the water sorption, the
greater the solubility for the evaluated
materials. The data were subjected to

Table 4 ANOVA test for sorption values

one-way ANOVA, and LSD test a a
0.05 significance level.

For water sorption, ANOVA test
shows significant difference among the
materials tested (p <0.05) (table (4)).

Sum of
df
Squares

Mean Square |F Sig.

Between Groups ]156289.021 2
Within Groups 259289.805 26
Total 415578.826 28

78144.511 7.836 .002
9972.685

Post hoc (LSD) test for water sorption
values shows a sgnificant difference
between al materias (p <0.05) except
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between zinc phosphate and glass
ionomer cements (table 5).
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Table5 LSD test for sorption values

I
(1) Material Type (J) Material Type Mean Difference (I-J) Std. Error Sig. |95/oConf|denceIntervaI
[ Lower Bound [ Upper Bound

. | ZnPh |—42.462845— | 44.660239 | 350 | -134.26328- ‘ 49.33759

[znPoly [-1.752685E2 [45.884034 [.001 ||-269.58443- -80.95247-
_— | GIc |42.462845 | 44.660239 | 350 | -49.33750- ‘ 134.26328

[ zn.Poly [-1.328056E2 [45.884034 |[.008 |[-227.12150- | -38.48962-

| GIc | 175268451 | 45.884034 | 001 | 80.95247 ‘ 260.58443
Zn.Poly

[znpn [132.805606" [45.884034 [ .008 ||38.48962 [227.12150

*_ The mean differenceis significant at the 0.05 level.

For water solubility, ANOVA test
shows non dgnificant difference
among the materials tested (p <0.05)
(table (6)), however the mean vaues

Table 6 ANOVA test for solubility values

shows that zinc poly carboxylate has
greater solubility values followed by
zinc phosphate, the glass ionomer has
the least values.

Sum of Squares | df Mean Square |F Sig.
Between Groups | 2581.483 2 1290.741 .378 .689
Within Groups 88775.752 26 3414.452
Total 91357.234 28
Post hoc (LSD) test for water significant  difference  between all
solubility vaues shows a non materials (p <0.05) (table (7).

Table 7 LSD test for solubility values

(1) Materia Type |(J) Material Type

Mean Difference

Std. Error Sig.

| 95% Confidence Interval

(-9 Iéguwrg ‘Upper Bound
e ZnPn |-11.795235- 26132172 |655  |-6551068- |41.92021
| Zn.Poly |-23.328353- |26.848254 |.393  |-7851573- |31.85902
e aic 11795235 26132172 |.655  |-41.92021- |6551068
|Zn.Poly |-11.533118- |26.848254 |.671  |-66.72050- |43.65426
ZruPoly |GIC |23.328353 |26.848254 |.393 |-31.85902- |78.51573
[Zn.Ph |11.533118 |26.848254 |.671  |-43.65426- [66.72050
Discussion desirable for any base or lining
The water sorption and solubility of material. A strong base materia is
dental restorative materials are of needed to support the overlying

considerable clinica importance and
cannot be neglected [10, 18].
According to Tae Hyung Kim [19],
high strength and low solubility are
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restoration and the subsequent occlusal
forces acting upon it during clinica
function. Some reduction observed in
compressive strength may be attributed
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to dissolution or water sorption during
storage. Moreover, marginal
infiltration may influence on liners
hardness, which reinforces the need for
studies related to their physica
properties.

The water sorption measurements
actually measured the net gain in
weight of a specimen as a result of the
ingress of water molecules and egress
of monomers and other small
molecules [20]. From an atomic point
of view diffuson mechanisms are a
stepwise migration from one site to
another. Generally two patterns are
known for diffusion of water through
polymeric materials [21]: one is the
pattern following the (free volumetric
theory), in which the water diffuses
through a microvoids without any
mutual relationship to the polar
molecules in the materia. The other
pattern is called (interaction theory),
in which water diffuses through
material binding successively to the
hydrophilic groups. In the case were
there was a negative correation
between the diffusion and equilibrium
water uptake, the later pattern of
diffuson was supposed to occur
mainly. Recently it has been assumed
that both approaches could be valid,
each one for a defined specimen family
or both simultaneously.

Solubility is the ability of a substance
to dissolve in another, expressed as the
concentration of saturated solution of
the former in the latter. When
solubility is tested, there is no particle
in suspension (the solvent remains
limpid) [30].

This study was aimed a e ucidating
essential values for the evaluation of
the quality of each employed materid,
which is of important clinical
applicability. In fact, lining, base and
luting materials have to be resstant to
dissolution in water, organic solvents
and acid-etching solutions, in order to
maintain their pulp protective effect

418

[22]. In addition, dissolved and
smeared cement may contaminate acid
etched enamel, and produce an inferior
bond, which is not desirable [23].

The choice for the three kinds of
cements here evaluated was based on
the fact that Zinc phosphate, Zinc
polycarboxylate and Glass ionomer
cement are the most commonly used
conventiond  lining and  luting
materialsin the clinical practice.

Water sorption and solubility tests
were gpplied according to the ADA’s
#8 specification [24], though with few
dterations to meet the objectives of
this study.

The results of this study shows higher
mean values (both sorption and
solubility) for poly carboxylate cement
followed by zinc phosphate and the
least values were for glass ionomer
cement.

The results of Yoruc and Karaaslan [1]
showed that commercid denta
polycarboxylate cements absorbed
most of the water within 1st day of
water storage. They continued to
absorb the water at a slower rate for 28
days until equilibrium was reached.
They further assumed that the results
of their investigation showed that the
water absorption of the commercial
dental polycarboxylate cements was
significantly depend on materia
composition.

Zinc polycarboxylate cement is a
water-based material that hardens
following an acid-base reactions
between zinc-rich powder and an
aqueous solution of polyacrylic acid
[25]. The hydrophilic nature of a
polymer is a function of the chemistry
of its monomers and polymerization
linkages. The presence of hydroxyl,
carboxyl and phosphate groups in
monomers and their resultant polymer
make them more hydrophilic and more
prone to water sorption [13], these
cements include water in their
formulation.
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Glass ionomer cements are sensitive to
water erosion [26]; it may be duo to
same hydrolyss of the cement
components, this phenomenon is
apparently  aggravated in  ord
environment duo to presence of
aggressive compounds in sdliva
Clinical success of glass ionomer
cements depends on early protection
from hydration and dehydration; it’s
weakened by early exposure to
moisture, while desccation on the
other hand causes shrinkage and cracks
[10]. Deniz et @ [27] found that higher
levels of solubility were associated
with earlier exposures of mixed cement
to water, and glass ionomer luting
cements were highly sensitive to water
contact during the first 6 minutes after
mixing.

It was reported in previous studies that
long-time storage of dental cementsin
water  affected the  mechanical
properties of the cements [1, 14].
Cattani-Lorente et a [11] found that
deterioration of the physical properties
of the cements after long-term storage
in an agueous environment could be
related to the water absorption of these
materials. Part of the absorbed water
acted as a pladicizer, inducing a
decrease in strength. Weakening
resulted from erosion and plasticizing
effect of water.

The results of this study are agreed
with that of Hamiragha eta [6],
Yanikoglu et al [7], Keyf et a [10],
Tuna etal [14], Nomoto et a [29],
Nomoto etal [30] and Eisenburger et a

[31], however some of these
researchers use different storing
solution and different  specimen

preparation technique and size.

Hamiragha et a [6] uses artificia
sdlivaat pH 5 and pH 3 and found that
Weight changes of polycarboxylate
cement were greatest, and there were
significant differences among al the
materials (P<0.05). Solubility of the
cements in the two medium decreased
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in the following order:
polycarboxylate, zinc phosphate and
glass ionomer. Solubility of the
cements were more in the acidic
medium (P<0.05).

Yanikoglu etal [7] uses artificia
sdiva at different pH values and found
that statistically significant differences
were found among the specimens
stored in acidic, basc and neutra
artificial saliva, it was observed that
the cements were more soluble in
acidic media and more stable at pH 7.
The highest solubility found in zinc
phosphate  followed by  zinc
polycarboxylate and the least is glass
ionomer cement.

Keyf et a [10] found that the water
sorption of zinc poly carboxylate more
than zinc phosphate and the two is
more than glass ionomer cement, while
for solubility he found that glass
ionomer has greater solubility than
zinc poly carboxylate and the least is
zinc phosphate.

Tuna et a [14] has exactly the same
finding of Keyf et a [10].

Nomoto et a [29] found that the
erosion (using 0.1 and 0.02 lactic acid
solution) of three different kinds of
cement; zinc phosphate,
polycarboxylate and glass ionomer,
were evaluated by measuring the depth
loss of the cement in a cavity.
Differences in the eroded depths of the
three types of cements clearly
emerged. The depth losses of
polycarboxylate cements (up to 300
pm) were more than those of zinc
phosphate cements (up to 200 um),
which were more than those of glass
ionomer cements (up to 100 pum) after
24 h immerson in 0.1 M buffer
solution.

Nomoto et a [30] found that the
eroded depth are in the same order zinc
polycarboxylate more than zinc
phosphate more than glass ionomer
cement and stated that the volumetric
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method for investigation are more
applicable than gravimetric method.
Eisenburger et a [31] stated that
profilometric measurements show a
higher susceptibility of zinc phosphate
cement than glass ionomer cement for
acid erosion. Comparison with eroson
depth of enamel and dentine measured
in vitro reveals a higher substance loss
of zinc phosphate cement a all pH
values, whereas glass ionomer cement
shows a lower erosion depth than the
dental tissues.

Conclusion

Within the limitation of this study,
zinc poly carboxylate has greater
values of water sorption and solubility
than zinc phosphate, and the least
vaues were found in glass ionomer
cement.
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