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Abstract The use of elastic materials favours degradation
of their surface. The period of their clinical usefulness is
then shortened, and their further utilisation in the oral cavity
may have the reverse effect. The surface properties of such
material as well as the influence of the humidity on their
surface are very important as they determine the prosthetic
materials behavior in the mouth. The surface of such mate-
rial should be resistant to water. Inverse gas chromatogra-
phy is an accurate, sensitive technique for studying surface
properties. Thanks to using a unique equipment specially
designed for IGC technique, Surface Energy Analyzer, it
was possible to characterize the surface at 0 and 80% of
humidity. Our results show that increased humidity does
not affect surface properties of studied prosthetic materials.
Their ability to dispersive and specific interactions change in
very limited degree. IGC experiment was also applied for the
estimation of Hansen solubility parameters that indicate abil-
ity of a material to dispersive, polar, and hydrogen-bonding
interactions. Relation between the surface characteristics and
practical use of soft lining materials with implications for
their clinical usefulness is also discussed.
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Introduction

In dentistry, soft lining materials are used in patients in
whom extremely difficult conditions of the basal seat area
are found. Thanks to their flexibility properties, these mate-
rials make a cushioning, elastic layer of the mucous part of
the denture, which is conducive to less traumatic transfer
of occlusal forces onto the base. A removable denture lined
with elastic material does not exert traumatic influence on
the soft, rigid, and pressure-sensitive oral mucosa, is more
comfortable and facilitates adaptation by the patient [1].

Soft liners can be classified as temporary, for short-term
use and definitive to obtain permanent cushion-like effect.
Long-term soft lining materials may also be divided accord-
ing to the chemical structure into silicone elastomers and
plasticized acrylates and due to the way of polymerization
into room-temperature and heat-temperature polymerized.
Lining made with use of high-temperature polymerized
materials can be performed only by dental technician in
prosthetic laboratory (indirect method). Lining made with
use of room-temperature polymerized materials can be done
in a dentist’s office by a dentist, as well (direct method of
lining).

In the course of their utilisation, elastic materials are sub-
ject to a constant impact of the changeable and difficult con-
ditions of the oral environment [2]. While being used, they
become more porous and hence the number of places vulner-
able to denture plaque and calculus accumulation increases
which favours adhesion of the Candida fungi—the main
pathogens responsible for the development of prosthetic
stomatopathies [3, 4]. The roughness and microporosity of
the surfaces of elastic materials increase the risk of infection
in spite of frequent and regular hygiene practices applied by
the patient. The observed phenomena of diffusion, elution,
and leaching of compounds from the elastic materials may

@ Springer


http://orcid.org/0000-0001-8219-8708
http://crossmark.crossref.org/dialog/?doi=10.1007/s10337-017-3420-1&domain=pdf

1762

K. Adamska et al.

additionally worsen their surface properties. This process
is accompanied by water absorption which continues until
balance is achieved. Then, the materials become harder,
and lose their elastic properties and the ability to reverse
deformations. The coarse and rough surface may also affect
the aesthetics of the prosthetic restoration, especially if the
patient smokes and drinks large amounts of coffee and tea.
Although these materials maintain the desired elastic prop-
erties for quite a long time, periodic replacement thereof is
recommended for hygienic reasons [5].

The soft lining materials used in the study are success-
fully applied in dentistry due to their desired physical and
chemical properties. Biological durability, low toxicity, the
ability to be moulded easily to obtain a required shape, the
lack of macroscopic changes in the surface features, shape
preservation for a possibly long period of time, low glass
transition temperature, and good thermal and chemical
resistance make these materials difficult to be replaced in
clinical practice.

Due to the strain resulting from the use in the oral cavity
environment, changes in the micromorphology of their sur-
face are, however, detected in images obtained with a scan-
ning electron microscope. Surface degradation is observed
as early as a few days after application, in the form of a
network of longitudinally oriented grooves and cracks [1,
6]. The depth of the hollows appearing on the surface of the
liner may range from 30 to 60 pm within 7 months, making
elastic materials more susceptible to microbial colonisation
[3,7,8].

Increased roughness of the elastic material surface may
irritate the pressure-sensitive and often atrophic mucous
membrane, and, at the same time, create optimal conditions
for the colonisation and development of pathogenic micro-
organisms in the oral cavity environment. Changes of the
surface features may lead to gradual spatial disintegration
of the material and have a negative effect on the mechanical
properties of the elastic materials, too [1, 9].

The group of chemical compounds called plasticizers
(softeners) which includes phtalans, aliphatic esters, poly-
esters, cyclic ethers, phosphates, etc., is responsible for the
elasticity of soft lining materials. The plasticizers decrease
in the glass transition temperature thanks to which the hard
materials become rubbery and elastic. The plasticizers are
loosely connected with a network of polymeric chains and
that is why they usually dissolve or leach into the oral cav-
ity, which causes the material to become hard just like the
denture base acrylate [10].

The compounds emitted from lining materials may have a
negative, toxic influence on the tissues of the human organ-
ism. World literature pays particular attention to the fact that
esters of phtalan acid may perform the role of xenoestrogens,
i.e., industrially made hormonally active compounds. Due
to the potentially toxic influence of plasticizers, European
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Scientific Committee on Toxicity, Ecotoxicity, and Environ-
ment (CSTEE) has limited the tolerable daily intake (TDI) of
phtalans to 0.1-0.37 mg kg™! day~! [11]. In 1976, McCabe
[12] established the safe daily dose of phtalans to be maxi-
mally 85 pg. Graham et al. [13] examined two soft lining mate-
rials and evaluated the amount of the emitted plasticizers to
be 8-13 mg g~! in the in vitro studies and 32-122 mg g~ in
the in vivo studies.

Due to the fact that the surface characteristics may exert
influence on the clinical usefulness of these materials for
the medical and dental practice, it seems justified to conduct
studies into the physical and chemical properties of selected
soft lining materials with the use of Inverse Gas Chromatog-
raphy (IGC). IGC is a method, providing the data describ-
ing both surface and bulk properties of material. Retention
parameters (retention time or retention volume) measured at
the temperature higher than 7, (glass transition temperature)
of the examined material (polymer or polymer blend), results
from the sum of surface and bulk sorption. Below Tg, the main
process is the adsorption of probe molecules on the surface
of the examined stationary phase. Surface properties of IGC
examined materials are most often described by its ability to
dispersive and specific interactions. The first one is expressed
by using the dispersive component of the surface energy yf,
while the second one with the help of K, and K}, parameters.

Acid-base characteristic of the surface was performed on
the basis of acid, K,, and basic, Kp,, parameters. Parameters
K, and K, are related to the energy of specific interactions
(AG,,) between the examined surface and the test compound
[14]. They are determined by the dependence:

AGy, = Kp - AN* + K, - DN, 1)
where: K, , Kp—parameters determining the ability of the
tested material surface to act, respectively, as the electron
donor and acceptor [14], DN—the donor number of the
polar test compound [15], and AN*—modified acceptor

number [16].
K, parameters is obtained by dividing Eq. (1) by AN™

AG,,/AN* = (DN/AN*) - K, +Kp, )

and calculated from the slope of the straight line AG,,/AN"
vs. DN /AN*.
K parameter is obtained by dividing Eq. (1) by DN:

AG,,/DN = (AN*/DN) - Kp, + K, 3)

what allows its calculation as the slope of the straight line
AG,,/DN vs. AN"/DN.

Acidity and basicity of solid surfaces are determined most
often by the ratio of K, and K, parameters:

Sc = K /Kp. (@)
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In condensed phases (solutions and solid materials), strong
interactions exist between molecules, resulting in considerable
(negative) potential energy. This energy is called the molar
cohesive energy (— E) [17-20], related to the molar volume,
and is called cohesive energy density c:

c=-E/V. 5)

The square root of cohesive energy density is called solubil-
ity parameter 6. This term proposed by Hildebrand for non-
polar systems was related to the enthalpy of an evaporation
AH, of solvents, as a measure of their intermolecular forces:

5= o= VERTT =

where 6 is the solubility parameter, E_, is the cohesive
energy, V the molar volume of a solvent, R the gas constant,
and T the temperature.

Solubility parameter data are useful in the description and
interpretation of different phenomenon, occurring between
materials like, e.g., miscibility, compatibility, or adsorption.

Inverse gas chromatography technique enables the estima-
tion of solubility parameter based on the model of adsorption,
described by Snyder and Karger [21-23]. According to such
model, the molecule of test solute “i”” is adsorbed onto the
surface of solid adsorbent ;. The energy of adsorption AE*
for the respective test solutes can be calculated using the fol-
lowing expression:

(AH, —RT)/V, (6)

) = Vi(Eii)l/z(E

~AE = V(E /j)l/z = V;(6:5), (7

i

where: Vi—molar volume of test solute, Ej; and E;—densi-
ties of the energy of cohesion of test solute “7” and adsorbent
‘J”, and E;—the density of the energy of interaction.

So-called Hansen solubility parameter (HSP) [24] is an
extension of the Hildebrand solubility parameter to polar and
hydrogen-bonding systems, where the cohesive energy can be
considered as a sum of contributions from dispersion (E,),
polar (E}), and hydrogen-bonding (E},) interactions

_Ecoh = _Ed - Ep - Eh' (8)
The total solubility parameter (6,) is expressed as follows:
61 =0, + 5; +5, )

where: 6, 6,, and 6;, denote dispersion, polar, and hydrogen-
bonding contribution, respectively.

The energy of adsorption is related to the specific retention
volume by the equation:

InV, = —(AE*/RT) + const. (10)

According to Hansen concept:

-AE} = Vi (Ey), + (Ey), + (Ep), (11)

or
~aE} = V(55 + 6,81 + 58] ). (12)

where AE;* is adsorption energy for ith test solute. HSP of
the examined material, i.e., &/, &/, 5{] can be calculated, using
d p

experimental retention V, data for selected test solutes and
multiple linear regression.

It should be noted that the results of examination of many
materials as, e.g., starch, synthetic (biodegradable) poly-
mers, and various pharmaceutical might be influenced by
the relative humidity of the environment, i.e., the content of
water vapour in the carrier gas. This influence was examined
and reviewed in several papers [25-28]. The water adsorb-
ing on the material under examination might (in the case of
hydrophilic materials) significantly influence the values of
IGC-derived parameters.

IGC is useful technique to use in studying biomaterials
as composites, ceramic biomaterials. This technique was
applied, e.g., for the examination of dentine restorative
materials and their interactions with tooth tissues [29-31].
However, up to now, there are no data concerning IGC char-
acterization of biomaterials being prosthetic lining materi-
als. The aim of this work was to characterize the series of
prosthetic lining materials and correlation of IGC-derived
parameters with functional properties.

Experimental
Materials

Series of soft lining materials were examined to establish
their stability under different conditions (Table 1).

Inverse Gas Chromatography

Inverse gas chromatography experiments were carried out
using SEA (Surface Energy Analyzer produced by Surface
Measurement System Ltd., UK) equipped with a flame ioni-
zation detector (FID). The studied materials were placed in
the silanized column (300 mm length and 4 mm I.D.) as a
strips (20 mm length and 1-2 mm width) in a quantity of
250 mg.

The surface characteristic—calculation of yf, K,,and Kp,,
was carried at 37 °C of the column oven. This measurement
was performed at 0 and 80% of the relative humidity (0 and
80 RH). Temperatures of the column for HSP determination
were 30, 40, 50, 60, 70, and 80 °C. HSP measurement was
performed at 0% of humidity. The column was conditioned
at a given temperature by 2 h. For all IGC measurements, the
temperature of the detector and injector was 150 °C. Dead

@ Springer



K. Adamska et al.

1764

VIN €89L1L VIN SY'1C 780°S61 d 1sATered UNEd ¥-90-0tvL
Quexo[
V/N V/N V/N 3% 696 6L¥"80C "(1ISO°H%) -1spAypourtpAfod SINdd  6-T9-8%1€9 xeq [ISOTIOIN
V/N €0LT V/N LEE6'0 £€80°09 ‘ors 9PIXOIp UOSIIS [1soIy 9-79-08
QUODI[IS[AUTA SmqueHq OING JI0JW0d WNJe[Ig
(eye[AI0®
V/N 091 SoT1 811 SOLIBA ‘CH0%D)  -wew [Aypeun)Ajod VININd  L-¥1-1106
qen
VIN 08 — V/IN 90’1 89%°00% S0¥H"D  -wiking 1500y odLV L-067LL
Aekoeyowp
VIN (U VIN SS0'T 817861 'o"H"D [09A[3 oudlkyg  VINADH  $-06°L6
qre[h1oe
VIN SS'LY — VIN LEE6'0 LIT°001 ekitie) -t [KYISA VININ 9-29-08 [e3ua(g XolIoA 1Jos [A1oe[[IA
queqisA
-xoppowtnjAdoid
VIN 0s — > VIN SHO'T SE'8YT ISFO"H"D  -Axoikmeypw-4 SINLIOVIN - 0-$8-0€ST
(oye[AI0®
VIN 091 S0l 811 SOLIBA ‘CH'O%D)  -wew [Aynw)Ajod VININD  L-¥1-1106 xepd g 1sefdo[loN
A Do) (Jow
-uI[[eIsAIo ‘dwo) uon /3) 1yStom
Jooar3od (D) Iutod SunfojN  -Isuen sse[n (;Wo/3) ANSUs  JE[NOS[OJA  E[NULIOJ JE[NII[OIN QuIeu [eoTWAYD) 1qqy SVD peo—

uonisodwos [eo1way)

-nuew Jo) 1o1ddng [eLdjeW Jurul] 3jOS

Kpnys oy} ur pasn S[RLISIRIN [ dIqEL

pringer

Qs



The Physicochemical Characteristics of Prosthetic Materials and Their Influence on Their... 1765

time was determined using methane as inert gas. The car-
rier gas was helium (flow-rate 15 cm®/min). The following
compounds were used as test solutes: hexane (anhydrous
95%, Sigma-Aldrich), heptane (99%, Sigma-Aldrich), octane
(99%, Fluka), nonane (99%, Sigma-Aldrich), decane (98%,
Fluka), dichloromethane (99.8%, Sigma-Aldrich), ethanol
(99.8%, Avantor), ethyl acetate (99.8%, Sigma-Aldrich),
1,4-dioxane (99.8% Sigma-Aldrich), and acetonitrile (99.8%
Sigma-Aldrich).

Test solutes were injected in the amount assuring the
work in infinite dilution in chromatographic column. It
should be noted that examination of materials in infinite
dilution region under relative humidity regime is not the
same as finite concentration of IGC.

The dispersive component yf of the surface energy of a
solid can be estimated by several methods; here, the method
proposed by Schultz and Lavielle was used [32]. Acid-base
characteristic of the surface was performed on the basis of
acid, K, and basic, K},, parameters calculated from Eqgs. (2)
and (3). HSP of the examined material, i.e., 5(’1 6£, and 6ﬂ,

were calculated, through determination of AEA from tem-
perature dependence of using experimental retention V, data
(Eq. 10) for selected test solutes and further multiple linear
regression (Eq. 12).

Results and Discussion

Parameters describing surface properties of studied pros-
thetic materials are presented in Table 2. All studied mate-
rials are characterized by relatively high value of y? which
means that they have strong ability for dispersive interac-
tions. Much higher value of yé) has Silagum Comfort that can
be the effect of the presence of alkyl groups on the surface
of silicone. Its ability to specific interactions is limited. All
materials has surface that acts as donor of electron (higher
value of K, than K, parameter). Values of K, parameter are
low what means that all materials exhibit low ability to act as

electron acceptor (low acidic properties). This observation is
due to the electron donor groups on the surface of all stud-
ied materials such as C=0, C=C, (CO)O. The differences
between materials are small although statistically valid. The
most active material is Silagum Comfort. However, Villacryl
Soft exhibits highest ability to specific interactions. The
value of the sum (K, + Kp) equal to 0.689 (at 0% RH) is
highest for this material. The lowest ability to specific inter-
action was found for Mollosil—(K, + Kp) equal to 0.580
(at 0% RH). However, it should be noted that the differences
between the ability specific interactions for all materials are
low but statistically valid. The most important is the fact that
all studied prosthetic materials did not change significantly
surface properties in humidity 80% (small or no changes
of the values of determined parameters). The least changes
in the values of all estimated parameters are observed for
Silagum Comfort that can be explained by the presence of
alkyl groups on the surface that makes it hydrophobic and
resistant to water. The relatively most active material (Vil-
lacryl Soft) changes its properties in most significant way.
K, parameter for villacryl increased from 0.096 to 0.119
while K, from 0.494 to 0.677. It caused a significant change
of its character to more basic (decrease of K ,/Kp, ratio). Vil-
lacryl Soft is the mixture of polyesters that probable causes
its sensitivity to the water. The least changes in the values of
all estimated parameters are observed for Silagum Comfort.
This material seems to be most stable in changing conditions
as its surface is most hydrophobic and it is composed of the
relatively less sensitive to water compounds (only Aerosil
can adsorb water).

The significant changes in the surface properties of soft
lining materials might indicate the tendency to degradation
of their clinical properties.

The change in the surface features of elastic materials
caused by an increase in the number of details may result
from intensified water absorption [1, 33, 34]. In the study,
increased absorption of all the examined materials has been
observed; however, Villacryl Soft, classified as a plasti-
cised acrylate, was characterized by the higher values of

Table 2 IGC parameters

characterizing the surface Material yé) [mJ/m’] Ka Ko Ko

properties of studied prosthetic ORH

materials
Molloplast B 61.3+£6.5 0.100 + 0.007 0.464 + 0.042 0.214 + 0.007
Villacryl soft 53.6 £0.1 0.096 + 0.001 0.494 + 0.004 0.195 + 0.001
Silagum comfort 915+ 138 0.102 + 0.001 0.418 + 0.001 0.244 + 0.003
Mollosil 67.1£3.6 0.084 + 0.002 0.308 + 0.025 0.272 +£ 0.015

80 RH

Molloplast B 54.0+2.0 0.093 + 0.004 0.442 + 0.038 0.210 + 0.005
Villacryl soft 562 +2.1 0.119 + 0.003 0.677 + 0.005 0.176 + 0.002
Silagum comfort 93.0+3.0 0.102 + 0.002 0.424 + 0.003 0.241 + 0.001
Mollosil 703 +14 0.084 + 0.002 0.328 + 0.006 0.256 + 0.002
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parameters describing their ability to specific interactions in
comparison with silicone elastomers. The phenomenon of
water absorption is intensified by the chemical compounds,
including plasticisers, released from the acrylic materials
into the oral environment. The exchange proceeds until bal-
ance is achieved, and in the first week, water absorption
may amount to 0.2—5.6 mg/cm?, whereas solubility may be
0.03-0.4 mg/cm?, depending on the investigated material
[35]. The results of the study may suggest that these materi-
als can facilitate adhesion of microorganisms and chemical
substances taken when meals are consumed, and the strength
of the bond between the material and the denture base may
weaken in the course of the use thereof [36].

On the basis of the information provided by the manu-
facturers, the presence of ethylene glycol dimethacrylate
particles in Villacryl Soft can change flexible properties.
This compound is added both to silicone and acrylate mate-
rials to improve the cross-linking ability of the polymeric
chains. The increase in the number of the cross bonds causes
a change of the mechanical properties. The glass transition
temperature of the material rises, which makes the material
harder, more fragile, and less elastic (i.e., elastic modulus
increases).

The elastic properties of soft lining materials may also
be affected by their polymerization method. Many authors
claim that Molloplast B of which the polymerization pro-
ceeding at high temperature in a dental technique laboratory
ensures a higher degree of polymerization in comparison to
materials polymerizing at room temperature. The polymeri-
zation of such materials is then more complete [33, 37, 38].

Specific retention volume data of test solutes obtained
for all temperatures were used for the calculation of the
energy of adsorption and then Hansen solubility parameter
of examined materials, according to Snyder—Karger model.
Dispersive, polar, hydrogen-bonding components and total
solubility parameter value of examined materials are pre-
sented in Table 3.

It can be seen that all examined materials have different
ability to intermolecular interactions. For polydimethylsilox-
ane group of materials—Molloplast B and Mollosil, we can
observe similar values for components and total solubility
parameter. These two materials has also similar value of y?.
Also for these materials, the lowest values of the hydro-
gen-bonding component are observed. The highest ability

to dispersion interaction—18.25 [MPa]'’? has Silagum.
This may be related to the presence of the vinyl group,
that increases ability to the dispersion and polar interac-
tion of such material, which confirms the higher dispersion
and polar component value—18.25 and 18.81 [MPa]'’?,
respectively.

The highest total solubility parameter—27.65 [MPa]'/?
is observed for Silagum Comfort. Villacryl, representative
of acrylic materials, shows the lower dispersion and polar
HSP value, but it has the higher ability to interact through
hydrogen bonding, as evidenced by the high values of §,
from all examined materials. It is also characterized by the
highest value of K, parameter.

For Silagum Soft, the largest capacity for dispersion inter-
actions confirms the highest values of dispersion component
of solubility parameter 64, but also y? data. Similarly, for
Villacryl Soft, showing the least capacity for this type of
interaction, calculated 64 and y? values for IGC experiments
are the lowest. The values of the solubility parameter can
be used to estimate the magnitude of interactions between
materials/compounds, e.g., their mutual solubility or misci-
bility. The similar values of the parameter indicate stronger
interaction.

The HSP values for dental materials can be compared
with water HSP, but it is hard to state exactly which data
for water are correct—see Table 1.3 in Ref [24] and Table 7
in Ref [39], which includes solubility parameter for water,
obtained using different procedures. HSP values for water
differ depending on the analysis of their determination.
Quoting Hansen—*“The behavior of water often depends
on its local environment, which makes general prediction
very difficult”. HSP values for water differ depending on the
analysis of their determination. The largest differences are
observed for the hydrogen-bonding interactions—values cal-
culated using SPHERE program are similar, while calculated
from the energy of vaporization are significantly higher. The
values of the total solubility parameter determined by the
computer program are almost similar. HSP values for den-
tal materials and water indicate that the energy of the dis-
persive interaction is similar, while the largest differences
are observed for the hydrogen-bonding interactions. These
values are much higher for water molecules. Although the
total values of solubility parameters (1), the dental values,
are more comparable (except data 1 in Table 4) to the values

Table' 3 Components and total Material HSP [MPa]"2

solubility parameters values for

examined materials 64 s, O ot
Molloplast B 16.62 + 0.15 1721 £ 0.12 6.85+0.17 24.87 +0.16
Villacryl soft 14.37 +£0.10 14.63 +£0.25 11.79 + 0.22 23.65 +0.20
Silagum comfort 18.25 + 0.08 18.81 +£0.19 8.81 +£0.30 27.65+0.24
Mollosil 16.31 + 0.09 18.48 +0.10 7.30+0.14 25.71 £ 0.11
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Table 4 Components and total solubility parameters values for water

HSP [MPa]? Ref.
b4 8, 5, br
Data 1 15.5 16.0 423 478 [24]
Data 2 15.1 20.4 16.5 30.3 [24]
Data 3 18.1 17.1 16.9 30.1 [24]
Data 4 19.5 17.8 17.6 31.7 [39]

for water, these relations suggest the relative resistance of
dental materials in water environment.

Conclusions based on concerning the activity of soft lin-
ing materials based on HSPs results are in agreement with
those reported earlier for surface parameters (Table 2). One
should note that K, and K, represent surface ability to act as
electron acceptor and donor, respectively, while HSPs 6p and
o, expressed the tendency to polar and hydrogen-bonding
interactions.

The study gave different results of both surface param-
eters and Hansen Solubility Parameters, although these
materials are classified into the same group in terms of their
chemical composition. The diversity may be caused by dif-
ferent ways of preparing each material as well as mixing
the components of the preparations. Molloplast B, which
polymerises at high temperatures, is characterized by greater
cross-linking of residual monomers; therefore, its surface
is harder and more resistant to the influence of the external
environment [40].

The qualitative differences in the molecular composition,
varying values of the surface energy and hydrophilicity may
cause the investigated materials to be characterized by dif-
ferent biological properties. Nakamoto et al. have confirmed
that the higher the surface energy, the greater the ability of
microorganisms to adhere to the elastic liner surface [41].

Conclusions

IGC proved to be an appropriate and useful technique for
studying surface properties of the prosthetic materials and
the stability of their surface under the influence of humid-
ity. On the basis of IGC data obtained at different values of
humidity, Silagum should be the most stable material taking
into account the water influence. It also possesses the highest
total solubility parameter value and potential for to non-polar
and permanent dipole—permanent dipole interactions. The
other tested prosthetic materials were characterized by the
surface more sensitive to water, but the changes of the values
of the IGC parameters under the influence of water were not
large. Obtained Hansen solubility parameter data indicate
greater potential for tested materials to the dispersive and
polar intermolecular interactions.

The solubility parameter is a thermodynamic descrip-
tion of the system and can, therefore, be used in assess-
ing the impact of various conditions on the behavior of
the tested materials and explanations of intermolecular
phenomena. It is currently thought that bacterial adhesion
is started by electrostatic attraction, hydrophobic reac-
tions, and the Van der Waals forces between the bacterial
cell membrane and the surface of the elastic material [42,
43]. This process, being the initial adhesion, is unspecific
and reversible. Numerous studies present the correlation
between the build-up of bacterial plaque and hydrophobic-
ity or hydrophilicity of the surface of lining materials, sur-
face free energy, or the specific properties of the bacteria
and the carrier’s organism [44]. The studies by Quirynen
et al. conducted in vivo have proven that hydrophobic sur-
faces such as Teflon accumulate ten times fewer bacteria
than the hydrophilic enamel surfaces [45]. Quirynen et al.
and Absolom et al. believe that most of the bacteria found
in the oral cavity demonstrate high free energy, so are
more willing to settle on hydrophilic surfaces [45, 46]. The
experiments have revealed that the highest value of disper-
sive component of surface energy y? equal to 91.2 [mJ/m?]
has been obtained for Silagum Comfort, which confirms
strong hydrophobic properties of this material. The lowest
values yé) equal to 53.6 [mJ/m?] have been obtained for
Villacryl Soft. The high hydrophilicity of this material
may deepen the mechanical surface irregularities (rough-
ness) and impair the ability to deform elastically and flow
(texture and rheological properties), which may, in turn,
encourage the adhesion of pathogenic microorganisms,
including fungi from the Candida genus, to the surface of
the elastic material [47]. The hydrophilicity, high value
of free energy, and wettability of the material surface may
favour the build-up of bacterial plaque on its surface [45].

The examined lignin materials seem to be relatively
stable in water environment. These are characterized by
relatively strong ability to dispersive interactions (high
value of y?). All materials have surface acting as donor
of electron. Examined materials did not change signifi-
cantly their surface properties in humidity equal to 80%.
Hansen solubility parameter data indicate greater potential
of tested materials to the dispersive and the polar intermo-
lecular interactions. HSPs results are in agreement with
those found for surface parameters. Surface properties and
Hansen solubility parameter of soft lining materials can
be correlated with the specific properties of the bacteria
and adhesion of pathogenic microorganisms to the surface.
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