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The influence of a complete lower denture destabilization
on the pressure of the mucous membrane foundation
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The results of previous studies on the pressures beneath the mucous membrane-supported dentures are contrary to the prevailing pain
sensations and discomfort reported in practice. In this work, a FEM analysis of large displacements was used for calculation of the con-
tact stresses beneath a lower denture that accompany destabilization under the realistic oblique mastication forces and stabilization of
a non-working flange at the balancing contacts. The pressure on the surface of a mucous membrane beneath a denture that was loaded
in a stable manner with a vertical occlusal force of 100 N was lower than the pain threshold. It was even more surprising as the extremely
unfavorable lower denture foundation conditions were selected for this analysis. The lateral mastication forces destabilized the denture
by means of tilting it and reducing its supporting area. Significant pressures calculated for the destabilization are consistent with the
clinically observed decrease or a complete lack of chewing efficiency in the cases of unfavorable foundation conditions. A fundamental
importance of the balancing contacts for the chewing efficiency was confirmed quantitatively. A remarkable development which has
been achieved in the modeling of the denture functioning conditions is crucial for further biomechanical investigations of the mucous

membrane-supported dentures, as well as for the implant-retained dentures.
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1. Introduction

Patients afflicted with the edentolouism usually
wear less expensive, conventional dentures. Such
dentures, also called the mucous membrane-supported
dentures, function on the mucous membrane that cov-
ers edentulous processes of the denture foundation.
Most of the patients wearing this type of dentures
suffer from pain [1], [2]. Injuries to the soft tissue of
denture foundation are numerous. Their rate reaches
15-20% [3]. The mucous membrane stomatitis, which
is very difficult to cure, is also indirectly caused by
the mechanical overloading [4], [S]. The mucous
membrane overloading is mainly related to the lower
denture. It intensifies especially for unfavorable foun-
dation conditions.

The reduced number of the soft tissue injuries and
pain sensations depend on a correct determination of
the transmission of occlusal forces. In spite of numer-
ous studies on biomechanics of the mucous membrane
supported dentures, satisfactory determination of the
mucous membrane loads is still lacking [6]. Pressures
beneath the denture do not explain the reported pain
sensations. Values of the pressure beneath the denture
determined by means of various methods [6]-[8] are
significantly lower than the pain threshold [9], [10],
which is contrary to the clinical observations [1]-[5].

Kinesiographic study shows [11] that dentures ex-
perience large displacements during the transfer of
mastication loads that do not result from the misfit to
foundation but from specific lower denture working
conditions. These specific working conditions are
caused by the lack of a stable location on the founda-
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tion under mastication loads without the balancing
contacts. The contacts are responsible for the lower
denture balance by means of supporting the balancing
flange with a more stable upper denture [1], [11]. The
examination of dentures in excessively stable loading
conditions might lead to an underestimation of pres-
sures on the mucous membrane surface. The influence
of the pressure sensors located under the denture on
the manner of mastication has not been determined
yet, although it can potentially disturb the measure-
ment. This lack of determination of the loads beneath
denture, which accompany destabilization typical of
mastication, justifies further studies. A finite element
method (FEM) model analysis [12], [13] was chosen
for the purposes of the studies due to the limits of
experimental determination of denture displacements
and tissue loading.

The aim of this study was to verify the hypothesis
that the lower denture causes remarkable mucous
membrane overloading resulting from destabilization of
the denture under oblique mastication forces. A de-
taching and sliding of the denture on its foundation
significantly increases mucous membrane overload-
ing, which results in pain sensations in the case of
unfavorable foundation conditions.

2. Materials and methods

The finite element method nonlinear analysis with
a large displacement formulation was used for deter-
mination of denture displacements during the destabi-
lization under oblique mastication forces and the ac-
companying pressures beneath the denture. Denture
biomechanics were modeled with the possibility of
denture detaching and sliding on the surface of the
mucous membrane foundation. Both interacting bod-
ies were assumed to be deformable. The augmented
multiplier Lagrangian method with an implemented
classical linear friction model was used for calcula-
tions of the contact at the mucous membrane interface.
The friction coefficient was assumed to be approxi-
mately 0.16 [14], [15], along with the lost denture ad-
herence to the foundation when there are no negative
interfacial normal stresses. The relatively low adhesive
forces omitted in the contact calculation play a secon-
dary role during denture destabilization by inducing
incomparably higher forces during mastication.

The geometry of denture foundation was assumed
based on the average of dozens of impressions reflect-
ing characteristic foundation atrophy with a “knife-
edged” crest. A common shape for the edentulous

processes was assumed for the entire foundation. The
model was designed with the CAD software (Auto-
desk Inventor™) and exported to a FEM software as
surfaces. Computer modeling on the basis of computer
tomography (CT) or magnetic resonance imaging
(MRI) makes it possible to achieve precise individual
models. However, the CT method requires that or-
ganisms be exposed to radiation, which cannot be
justified by the purposes of the present paper only.
Such exposure would also require a permission of an
appropriate commission. Moreover, it would necessi-
tate a search for cases that are representative of the
selected type of foundation conditions. Thus, all local
imperfections would have to be corrected before dis-
crertization. A better control of the meshing of con-
tacting surfaces is available in engineering calcula-
tions software.

The automatic generation of tetrahedral finite ele-
ments gives contact stresses of poor quality. The finite
element discretization results in a non-unique repre-
sentation of a normal between the contact surfaces
because the normals are not continuous between the
elements [16]. Reduction of the mesh size resulted in
more time consuming calculations and concentration
of stresses around the unfavorably positioned contact
elements. The reason for that is the lack of control on
the normals of the contact elements. The best way of
eliminating the irregularities of contact stress patterns
is to use a coherent mesh in the contact zone. The
anatomical uneven surfaces make it complicated to
achieve coherent meshes. Nevertheless, if the initial
contact surfaces are known, then achieving a coherent
mesh is possible by means of a special preparation
and trim of contact surfaces in the CAD software.
Finally, the contact bodies were divided into the linear
hexahedral 8-node elements (ANSYS™ “185-brick”),
for which the freedom of movement did not exceed
computational capabilities of the computer system
available. Contact stiffness was adjusted to a more
compliant mucous membrane. The contact stiffness
matrix was updated in each equilibrium iteration with
a contact detection at Gauss points. Figure 1 shows
the discretization of the contacted mucous surface that
can be used for calculations that are less time-
consuming and that make it possible to achieve the
Newton—Raphson solution convergence.

Only a segment of the mandibular bone arch that
constitutes the denture-supporting zone was repre-
sented in the model. Mandibular bone deformations
play a secondary role because of the incomparably
larger strains on the soft mucous membrane founda-
tion (the modulus of elasticity in relation to a spongy
bone is over 100 times lower, whereas in relation to
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a cortical bone it is thousands of times lower). The
analysis testing the aforementioned assumption
showed that omitting the bone in calculations using
a model fixed at the bone interface did not influence
the results to a significant extent. A precise mapping
of tooth shapes, which unnecessarily increases the size
of numerical analysis, was evaluated as not required.
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Fig. 1. The FEM model of a mucous membrane-supported denture
with a view of the mucous/denture interface discretization
with quadrilateral elements and a hexahedral brick mesh.
Scheme of the analyzed loads: the occlusal vertical force (“Fz”)
or the olique mastication force (“FB”), the balancing contact
with a distance (vertical gap 0.1 or 1.0 mm)
and reaction on the balancing contact

The denture-loading conditions that reflect oblique
occlusal mastication forces were assumed. At the first
stage, a vertical force ”Fz” of 100 N was applied in
the premolar zone. Then, in the second step, a laterally
oriented horizontal force ”Fy” of 100 N was applied
in order to achieve oblique mastication loads ”"FB” of
141 N at an angle of 45 degrees in the frontal plane.
Analysis of the occlusal loads located on incisors can
be excluded for the case of the mucosal-borne den-
tures. A balancing contact with the opposing occlusal
surface of the upper denture was made possible at the
balancing side. Two variants of distances between the
dentures were assumed. In the first variant, the dis-
tance to occlusal surface of the upper denture was set

to 0.1 mm, whereas in the second variant to 1.0 mm.
Interactions of the balancing contacts with the oppos-
ing denture were simulated with the assumed possi-
bility of sliding, e.g., on a food bolus with the salivary
lubrication.

The linear isotropic elastic mechanical characteristics
were assumed [17]-[22] in order to simplify the calcula-
tion procedures of large displacements. The mucous
membrane during the chewing process works mainly in
the elastic range. An unfavorably “hard” 0.5 mm thick
mucous membrane, described by Young’s modulus
E =5 MPa [23] was assumed; its incompressibility
was, to some extent, represented by a high Poisson
ratio v = 0.49. The denture material was described by
E=2000 MPa and v=0.3.

3. Results

The analysis conducted resulted in denture dis-
placements, contact stresses and a slide on the mucous
membrane beneath the denture. The results are shown
in the form of distributions in figures 2—4 depending
on the load caused by the occlusal force as well as by
the distance to the balancing contact. Apart from the
scale for the total displacements, the displacements
were shown at three control points. At all the three
control points the vertical displacements were nega-
tive if a vertical occlusal force was applied. Hence,
the denture settled down on the foundation also at the
balancing side. In the case of an oblique mastication
force the denture faced greater displacements. The
settlement took place at the working side only. It has
reached the value close to —0.1 mm. The loaded side
slid in the posterior direction (negative "X’ and ’Y”
displacements). Denture lifting occurred at the bal-
ancing side. The distance to the opposite denture was
eliminated and the denture was supported on the
balancing contact. Reduction of the distance
to the balancing contact decreased the slide by half

Fig. 2. Denture displacements depending on the loading by the occlusal vertical force (“Fz”) or the oblique mastication force ("FB”).

The distance of 1.0 mm to the balancing contact
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(figures 3-4). The reaction on the balancing contact
increased for a smaller distance (figure 4). The
stresses beneath the denture also decreased from 2.9
to 2.12 MPa. The decrease of contact pressures re-
sulted from the increased contact area.

Fig. 3. Values of the slide (mm) and the contact stresses (MPa)
on the mucous membrane interface and the reaction force (“Fz”)
and the mastication force (“FB”). The distance of 1.0 mm
to the balancing contact

R=25.9 4256

Fig. 4. Values of the slide (mm) and the contact stress (MPa)
on the mucous membrane interface and the raction force (“R”)
at balancing contact for the simulated mastication force (“FB”)

for a smaller distance of 1.0 mm to the balancing contact

4. Discussion

The reliability of the numerical models was veri-
fied by means of compatibility evaluation of the calcu-
lated values and available results of the test on pressures
beneath dentures and clinical observations. A compati-
bility between the calculated pressures and the avail-
able results of experiments obtained in conditions of
a stable transmission of vertical occlusal forces was
confirmed. Denture stick was observed in a significant
area beneath denture for the vertical occlusal forces;
also at the balancing side. The highest stresses under

the denture reached 252 kPa. In paper [24], stresses
beneath the dentures caused by the 100 N vertical
force measured in the lab reach 80 kPa on alveolar
slopes at lingual side and 250 kPa at the buccal side.
In paper [25], stress values reached 310 kPa, whereas
in paper [7], occlusal vertical force of 50 N on the
alveolar process slopes at the working side causes
stresses of 21.1-214.1 kPa. Taking into account the
influence of the differences in foundation and occlusal
loads on stress values, there is a visible convergence
between the calculations and the measured values.

Nevertheless, stresses on the level of 200-310 kPa
do not explain pain sensations as the pressure pain
threshold in lateral edentolous mandible processes is
remarkably higher. The pain threshold is at the level
of approx. 630 kPa [9], [10] (force of 2 N divided by
the pressure area of the indenter — 2 mm in diameter).
Creating pressure at the threshold level in a situation
of stable denture pressing on its foundation would
require 2 up to 3 times higher vertical occlusal force.
Whereas, in practice, the opposite tendency is ob-
served, i.e., occlusal forces and chewing efficiency
decrease for unfavorable foundation conditions due to
the pain sensations felt on the foundation.

In contrast to the vertical occlusal force, the im-
pact of the oblique mastication force lead to remark-
able denture displacements, detaching and sliding.
Denture was tilted towards the applied occlusal force.
The flange at the balancing side was lifted, whereas in
the remaining areas the denture no longer stuck to the
foundation but was sliding on it. However, the denture
was not dislodged off the foundation thanks to the
contact with the opposing denture at the balancing
side. The slope in the canine zone at the lingual side
was most exposed to the frictional injuries due to the
simultaneous pressure and a large sliding. The bal-
ancing contact conditions influenced the loading un-
der the denture. Significantly lower pressure and
sliding values were determined for the variant of the
smaller distance to the balancing contact. Remarkably
higher denture displacements were observed together
with the increased distance in the range up to 1 mm.
Hence, the sliding on the mucous membrane increased
two times up to the value close to 1 mm, whereas the
pressure that accompanied the sliding has reached
almost 3 MPa.

The numerically calculated pressures were signifi-
cantly higher than those previously described in other
studies. The pressures beneath a destabilized denture
have notably exceeded the pain threshold. They ex-
ceeded the threshold by 4.7 times, which means that
pain sensations should also be expected in the case of
more favorable foundation conditions. Contrary to the
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model studies presented in paper [8], the model be-
haved according to the real clinical observations of the
lower dentures during mastication, i.e., a specific foun-
dation slant is not necessary until a remarkable slipping
occurrs. Due to the assumed restraints of the model
symmetry with respect to the sagittal plane, the model
conditions presented in paper [8] significantly deviate
from the real conditions. These restraints block the
freedom of denture lateral displacements. The occur-
rence of oblique occlusal forces was a sufficient condi-
tion for sliding. The denture displacements calculated
for the model correlate with the oral cavity measure-
ments [11], in which displacements accompanied the
loads in the area of the first molar reaching 1.1 mm.

The underestimation of pressures in the previous
studies results from an insufficient projection of the
typical denture loading conditions. Recording pressure
values beneath the denture is basically related to indi-
vidual patients. If the selected denture is difficult to
destabilize, the pressure values are remarkably under-
estimated as compared to the average pressure values
observed in the case of other denture wearers. Cor-
rectness of the present analysis and model behavior
not only confirms convergence to pressure measure-
ments for a stable loading with vertical forces and
compliance with displacements that accompany
chewing but it also confirms the pain threshold to be
remarkably exceeded. The prevalence of pain during
chewing for unfavorable foundation conditions was
successfully explained.

The methodology presented enables a quantitative
verification of the common denture manufacturing
principles based on the stabilization of lower denture
by means of the occlusal contacts at the balancing side
[1], [26], [27]. A better denture stabilization observed
for the smaller distance between occlusal surfaces
confirms the importance of the bilateral food commi-
nution ability or at least the ability to distribute the
food symmetrically between flanges. Food located at
the balancing side reduces lifting of the flange and the
denture’s tilt. It results in limiting both sliding and
pressures beneath the denture, which reduces pain
sensations and a tendency to develop frictional inju-
ries. Detaching the balancing flanges from the foun-
dation does not denote directly a dislodgment of the
whole denture. It is crucial for the efficiency of
chewing to develop the ability of “finding” denture
stabilization on the balancing contacts. The variety of
directions of occlusal forces that destabilize the den-
ture in real oral cavity conditions makes it more dif-
ficult to develop the above mentioned skills that is
a typical problem for movement rehabilitation of non-
repeatable activities.

It should be mentioned that development of re-
markable mastication forces might be eliminated by
too high pain sensations (2—3 MPa) that occur in the
case of unfavorable foundation conditions. The upper
tolerance limit for pain caused by the pressure is not
defined in the literature. A decrease of chewing effi-
ciency caused by the pain sensations is observed in
the cases of unfavorable foundation conditions [28],
[29]. The results of the calculations are consistent
with the above-mentioned fact. The estimated pro-
portional calculation shows that it is necessary to
reduce the oblique occlusal force resultant to 30 N in
order to decrease the pressure beneath the denture
to a level of the pain threshold. A force of at least
50-110 N [30] is necessary to comminute most of
the food.

Results of the calculations also explain the dif-
ferences in chewing efficiency between cases char-
acterized by similar foundation conditions. For the
conditions analyzed, food mastication with forces
that remarkably exceed 100 N without pain sensa-
tions would only be possible if the lateral forces
were minimized. A development of an appropriate
chewing technique depends on the individual mo-
tor-ability. The lateral physiological movements
of mandible conducted in the last mastication phase
constitute obstacles to achieving this ability. Some
of the patients cannot develop a technique different
than the physiological one. Therefore, the study
of the less expensive single-implant retained den-
tures [31] and denture-to-implant elastic attach-
ments [32] made of antifungal silicone [33], [34] is
necessary.

Further studies should investigate what other forces,
apart from the occlusal loads, influence the injuries of
the soft tissue. Especially, loads resulting from the mis-
fit of denture saddles to foundation should be exam-
ined. Hence, the contact stresses generated on the sur-
face of the mucous membrane as a result of denture
manufacturing inaccuracies have to be investigated in
detail.

5. Conclusions

The high usefulness of the FEM simulations of
large displacements and contacts is of fundamental
importance for the development of modeling biome-
chanics of the mucous membrane-supported den-
tures. The lower foundation loading that was meas-
ured for the smaller distance to the balancing contact
confirms the importance of the ability to comminute
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food bilaterally. The compressions beneath the den-
ture were transferred in conditions of a slide on the
mucous membrane, which is in accordance with the
clinical observations of the frictional sores. The pos-
sibility of evaluating stresses and slide beneath den-
tures is crucial for further denture design with the
individual fit to the foundation and occlusal condi-
tions.

Acknowledgements

This research was completed with financial support of the
Polish Department of Science and Higher Education (MNiSW),
under project number N N518 425636.

References

[1] Speiecnowicz E., Protetyka stomatologiczna, PZWL, War-
szawa, 1992.

[2] BRUNELLO D.L., MANDIKOS M.N., Construction faults, age,
gender, and relative medical health: factors associated with
complaints in complete denture patients, J. Prosthet. Dent.,
1998, 79, 545-554.

[3] JAINKITTIVONG A., ANEKSUK V., LANGLAIS V., Oral mucosal
conditions in elderly dental patient, Oral. Diseases., 2002,
8(4), 218-223.

[4] PANEK H., DOBOSZ A., SOSNA-GRAMZA M., NAPADLEK P.,
Analiza dolegliwosci zglaszanych przez pacjentéow do-
tyczqcych przesziosci protetycznej, Dent. Med. Probl., 2004,
41(3), 489-498.

[5] EMaMI E., de GRANDMONT P., ROMPRE P.H., BARBEAU J.,
PAN S., FEINE J.S., Favoring Trauma as an Etiological
Factor in Denture Stomatitis, J. Dent. Res., 2008, 87(5),
440-444.

[6] TAKAYAMA Y., SASAKI H., GoTto M., MizuNo K., SAITo M.,
YOKOYAMA A., Morphological factors of mandibular eden-
tulous alveolar ridges influencing the movement of dentures
calculated using finite element analysis, J. Prosthodont. Res.,
2011, 55, 98-103.

[7] INOUE S., KAwANO F., NAGAO K., MATSUMOTO N., 4n in
vitro study of the influence of occlusal scheme on the pres-
sure distribution of complete denture supporting tissues, Int.
J. Prosthodont., 1996, 9(2), 179-187.

[8] Kawasaki T., TAKAYAMA Y., YAMADA T., NOTANI K., Re-

lationship between the stress distribution and the shape of

the alveolar residual ridge — three-dimensional behaviour of

a lower complete denture, J. Oral. Rehabil., 2001, 28, 950—

957.

TANAKA M., OGiMOTO T., KOoYANO K., OGAWA T., Denture

wearing and strong bite force reduce pressure pain threshold

of edentulous oral mucosa, J. Oral. Rehabil., 2004, 31(9),

873-878.

[10] OGawA T., TANAKA M., OGiIMOTO T., OKUSHI N., KOYANO
K., TAKEUCHI K., Mapping, profiling and clustering of pres-
sure pain threshold (PPT) in edentulous oral mucosa, J. Dent.,
2004, 32, 219-228.

[11] MivyasHITA K., SEKITA T., MINAKUCHI S., HIRANO Y.,
KoBAYAsHI K., NAGAO M., Denture mobility with six de-
grees of freedom during function, J. Oral. Rehabil., 1998,
25(7), 545-552.

—
O
[

[12] JaissoN M., LESTRIEZ P., TAIAR R., DEBRAY K., Finite ele-
ment modelling of the articular disc behaviour of the tem-
poro-mandibular joint under dynamic loads, Acta of Bioen-
gineering and Biomechanics, 2011, 13(4), 85-91.

[13] Czyz M., SciGata K., JARMUNDOWICZ W., BEDZINSKI R.,
Numerical model of the human cervical spinal cord — the de-
velopment and validation, Acta of Bioengineering and Bio-
mechanics, 2011, 13(4), 51-58.

[14] RANC H., ELKHYAT A., SERVAIS C., MAC-MARY S., LAUNAY
B., HUMBERT Ph., Friction coefficient and wettability of oral
mucosal tissue: Changes induced by a salivary layer, Col-
loids Surf. A, 2006, 276, 155-161.

[15] Saiewicz E., Effect of saliva viscosity on tribological
behaviour of tooth enamel, Tribol. Int., 2009, 42(2), 327-
332.

[16] ZieNkIEWICZ O.C., TAYLOR R.L., The Finite Element Method
for Solid and Structural Mechanics, Sixth Edition, Elsevier
Butterworth-Heinemann, 2005.

[17] TAKAYAMA Y., SASAKI H., GoTo M., Mizuno K., SAaito M.,
YOKOYAMA A., Morphological factors of mandibular eden-
tulous alveolar ridges influencing the movement of dentures
calculated using finite element analysis, J. Prosthodont. Res.,
2011, 55(2), 98-103.

[18] CHUN H.J., PARK D.N., HAN C.H., HEO S.J., HEO M.S., KOAK
1.Y., Stress distributions in maxillary bone surrounding
overdenture implants with different overdenture attachments,
J. Oral. Rehabil., 2005, 32(3), 193-205.

[19] DaAs M., DuBois G., BONNET A.S., LIPINSKI P., RIGNON-
BRET C., A complete finite element model of a mandibular
implant-retained overdenture with two implants: comparison
between rigid and resilient attachment configurations, Med.
Eng. Phys., 2008, 30(2), 218-225.

[20] BARBIER L., SLOTEN J.V., KRZESINSKI G., Van Der PERRE
E.S., Finite element analysis of non-axial versus axial load-
ing of oral implants in the mandible of the dog, J. Oral. Re-
habil., 1998, 25, 847-858.

[21] CHENG Y.Y., L1J.Y., Fok S.L., CHEUNG W.L., CHOW T.W.,
3D FEA of high-performance polyethylene fiber reinforced
maxillary dentures, Dent. Mater., 2010, 26(9), e211-219.

[22] ZAK M., KUROPKA P., KOBIELARZ M., DUDEK A., KALETA-
KURATEWICZ K., SZOTEK S., Determination of the mechani-
cal properties of the skin of pig foetuses with respect to its
structure, Acta of Bioengineering and Biomechanics, 2011,
13(2), 37-43.

[23] Jozerowicz W., Results of studies on elasticity moduli of the
soft tissues of the denture-bearing area, (in Polish), Prot.
Stom., 1970, 20(3), 171-176.

[24] OHGURI T., KAwANO F., IcHIKAWA T., MATSUMOTO N.,
Influence of occlusal scheme on the pressure distribution un-
der a complete denture, Int. J. Prosthodont., 1999, 12(4),
353-358.

[25] ROEDEMA W.H., Relationship between the width of the
occlusal table and pressures under dentures during function,
J. Prosthet. Dent., 1976, 36, 24-34.

[26] TAVELIN D., PSILLAKIS J., Adjustment of Complete Denture
Occlusion with the Coble Balancer: A Case Report, Colum-
bia Dent. Rev., 2006-2007, 11, 15-18.

[27] DuBosskA A.M., WHITE G.E., PASIEK S., The importance of
occlusal balance in the control of complete dentures, Quin-
tessence Int., 1998, 29(6), 389-394.

[28] MicHAEL C.G., JAviD N.S., Coraizzi F.A., GiBBS D.H.,
Biting strength and chewing forces in complete denture
wearers, J. Prosthet. Dent., 1990, 63, 549-553.



The influence of a complete lower denture destabilization on the pressure of the mucous membrane foundation 73

[29] SLAGTER A.P., BosMAN F., Van der GLAS H.-W., Van der BILT A.,
Human jaw-elevator muscle activity and food comminution in
dentate and edentulous state, Arch. Oral. Biol., 1993, 38, 195-205.

[30] OGATA K., SATOH M., Centre and magnitude of vertical
forces in complete denture wearers, J. Oral. Rehab., 1995,
22(2), 113-119.

[31] ZmMUDZKI J., CHLADEK G., KASPERSKI J., Single implant-
retained dentures: loading of various attachment types under
oblique occlusal forces, Journal of Mechanics in Medicine
and Biology, (2012), 12(5), in press.

[32] CHLADEK G., WRZUS-WIELINSKI M., The evaluation of
selected attachment systems for implant-retained over-

denture based on retention characteristics analysis,
Acta of Bioengineering and Biomechanics, 2010, 12(3),
76-83.

[33] CHLADEK G., MERTAS A., BARSZCZEWSKA-RYBAREK 1.,
NALEWAJEK T., ZMUDZKI J., KROL W., LUKASZCZYK J., An-
tifungal Activity of Denture Soft Lining Material Modified by
Silver Nanoparticles — A Pilot Study, International Journal of
Molecular Sciences, 2011, 12(7), 4735-4744.

[34] CHLADEK G., BARSZCZEWSKA-RYBAREK I., LUKASZCZYK J.,
Developing the procedure of modifying the denture soft liner
by silver nanoparticles, Acta of Bioengineering and Biome-
chanics, 2012, 14(1), 23-29.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


