Indonesian Journal of Prosthodontics December 2023; 4(2): 169-172
Literature Review

169

Stress distribution evaluation of complete denture with softdentureliners
in knife-edge alveolar ridge using finite element analysis

Tiroi Paulina, Ariyani, Ismet Danial Nasution

Specialist Program in Prosthodontics

Faculty of Dentistry, Universitas Sumatera Utara

Medan, Indonesia

Corresponding author; Ismet Danial Nasution, e-mail: ismetdanial@yahoo.com

ABSTRACT

Edentulous induces the function of the stomatognathic system particularly masticatory performance. The conse-
guence that occurs in complete edentulous is the resorption of residual ridge and can alter the morphology of al-
veolar bone gradually from well-rounded to knife-edge ridge form. Excessive occlusal load absorbed by the knife-
edge alveolar ridge whenthe denture is exposedto masticatory loads enhancesridge resorption and more complex
treatments are neededin manufacturing complete dentures (CD). Softdenture liners (SDL) overcome CD problems
with knife-edgeridges by utilizing the cushioning effect by distributing the load evenly to the alveolar ridge. The most
popular method used today to evaluate the stress distribution at the alveolar ridge is finite element analysis (FEA)
because it presents information in both qualitative and quantitative forms. This study is aimed to evaluate the differ-
encesinstressdistributionreceived by knife-edge ridgesin CD with SDL. Denture base applied with acrylic soft den-
tureliner (ASDL) andsilicone softdentureliner (SSDL). Itis concluded that ASDL provides abetter stress distribution

than SSDL because of its viscoelasticity, while SSDL is superior in terms of durability.
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INTRODUCTION

Stomatognathism is a system consisting of dy-
namic structures (masticatory, supra and infrahy-
oid muscles and tongue, lipsand cheek muscles)
and static structures (mandible, maxilla, dental ar-
ches, TMJs and hyoid bone) that perform together
to control stomatognathic functions especially mas-
tication performance. The efficiency of mastication
performance requires a balance betweendynamic
and static structures of stomatognathic system.
Loss of teeth can cause changes in the structure
of the stomatognathic system.!

Anunavoidable consequences oftoothloss, af-
fectingthe morphology of ridge if occursrapidly and
continually.2Remodeling activity after tooth extrac-
tion occurs especially in the crestal residual ridge
area, notonlyreducing bone height but also crea-
ting 3-Dresidualridge form. Residualalveolar crest
crest flattens if bone resorption is greater. When
ridgeresorptionis particularly active at the buccal
andorlingualareas, theresidualalveolarbonemay
become a knife-edge shape.?

The most common treatment for edentulous-
nessis stillcomplete denture (CD).* CD treatment
in knife-edge ridge is more complex.® In prosthe-
tic area, bone is considered to be the base which
provides support for dentureswhile inthe physiolo-
gicalarea, itisan area where forces created while
biting and chewingfoods are transmitted.¢ Discom-
fort is the most problem to denture patients with
knife-edge ridge.’

Relining CDwith SDL is treatment of choice for
knife-edge ridge; SDL propertiesis cushion effect

canminimizing denture bearingarea’sload by dis-
tributing the masticatory forces transmitted to the
underlyingtissueto prevent severed bone resorp-
tion.”Usingthe best SDL material stillarouse some
discussion. The commonly SDL used nowadaysis
plasticized acrylic and silicone 8 Acrylic soft den-
ture liner (ASDL) demonstrate viscoelastic beha-
viour, distributing occlusal load transmitted to the
underlyingtissue, meanwhile silicone softdenture
liner (SSDL) demonstrate elastic behaviour, pre-
servetheir shape despite the applied pressure upon
them.®SDL is a material that can be used for resi-
dual ridge resorption cases.® Several methodolo-
gies have been used to help assess stress distri-
bution in dentures wearers such as photoelastic
models, analytical mathematical models, use of
strain gauges and finite element analysis (FEA).
First three methods provides only provide limited
data while FEA is capable of providing detailed
quantitative and qualitative data.'®

The FEA provide noninvasive technology that
provide qualitative and quantitative information
of biomechanical characteristic of dental prosthe-
sisand supporting structures for assessing occlu-
sal load to the underlying tissue.'*!? This method
expectedto evaluate stressdistribution of CD with
SDL in knife-edge ridge.

LITERATURE STUDIES
Edentulous

Fulledentulous has a high prevalence globally
and affects 0.1-14.5% of people underthe age of
50 and 2.1-32.3% of the elderly worldwide 3
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Progressive residual alveolarridge remodeling
will occurs rapidly especially in the first year after
tooth extractiononedentulous patient in the man-
dible than maxilla, withthe mean rate of resorption
varying depending on the individual.® If bone re-
sorptionisemphasized at the crest of the residual
alveolar bone, it becomes flattened. When the re-
sorptionis more active atthe buccaland/or lingual
areas, theresidualalveolarbonetendsto become
thin and sharp or known as a knife-edge ridge,®
wherethe mucosais squeezedbetweenthe sharp
ridge and the denture resulting patient’s pain and
discomfort.*®

The masticatory force of the edentulusis only ¥4
of that normal mastication. The CD wearers will
change in mastication associated with increased
mastication cycles, longer mastication times and
decreased mastication averages. Toovercomethis,
the prosthetic treatment of choice for a long time
has been CD with the aim of rehabilitating eden-
tulous patients in order to improve comfort, aes-
thetics, occlusal and facial support, masticatory
function and pronunciation.*3

Knife-edge ridge

Knife-edgeridgeisalocalized phenomenonthat
occurs in the buccal or lingual area of residual al-
veolar bone due to continuous osteoclast activity.

Classification of residual ridge resorptionaccor-
dingto Atwood (Fig.1):order lis pre-extraction, or-
der 2ispostextraction,order 3 is high, well-round-
ed, order4is knife-edged, order 5is low,well round-
ed, and order 6 is depressed!®t’
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Figure 11 (pre-extraction), Il (post extraction), Ill (high, well-
rounded), IV (knife-edged), V (low, well rounded), VI (depress-
sed).r”

Knife-edge ridges require surgical treatment but
ifthe patient's conditionis not possible, SDL canbe
appliedtoimproved masticatoryfunction ofthe den-
ture.14

Soft denture liner

Softdentureliner (SDL) isamaterialthatforma
cushioninglayer betweenthe denture baseandthe
underlyingmucosa;” SDLisindicatedinknife-edge
ridges cases, large ridge resorption, severe bony
undercuts, chronic softtissue inflammationandre-
lining immediate dentures.®>*® The advantages of
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using SDL is itsflexibility and resilience, provide a
cushioneffectthatcanabsorb stress and function
asashockabsorber>**aswellas provide chewing-
wing satisfaction.®

Basedontermusage, SDL isdivided into short-
term SDL and long-term SDL. Short-term SDL is
known astissue conditionerwhile long-term SDL is
also called semi-permanentreline materials. Based
onthe composition, long-term SDL is divided into
acrylic soft denture liner (ASDL) and silicon soft
denture liner (SSDL) which are available in auto-
polymerized and heat-polymerized forms. ASDL
auto-polymerized include Permasoft, Flexacryl
while heat-polymerized include EverSoft, Super-
Soft. Auto-polymerized SSDL include Mollosil Plus,
Tokuyama Softwhile heat-polymerizedinclude Mol-
loplast B, Permaflex Luci-Soft.1220

The ASDL has material properties of viscoelas-
tic behavior while SSDL shows material proper-
ties of elastic behavior. Viscoelasticity is a mate-
rial property that provides both viscous and elastic
properties, in other words when the applied pres-
sure is removed, there will be elastic deformation
(backtoits original shape) which will increase the
contactsurface withthe denture so that the stress
distributionismore even and if the pressure is not
removed for a long time, there will be plastic de-
formation (changesinshape).?>?2 ASDL has good
adhesiontothe denture base but over time due to
plasticizers (components thatmake acrylic softer)
easilydissolve, SDL will harden and lose its cush-
ion effect while SSDL will last for a longer time.”
SDLthicknessalso plays animportantrole in stress
distribution, especially in patients with thinmucosal
conditions.?

Widely used method to evaluate the stress dis-
tributionis FEA becauseitcan simulate the FE mo-
del as closely as possible to the original conditi-
on.!!FEAis able to provide quantitative data on all
areasoit’s needed in dentistry. The advantage of
FEA is its ability to analyze various forms, loads,
and supporting conditions so that it allows the ap-
plication of forces or stresses at various points in
various directions.?

Finite element analysis

Finite elementanalysis (FEA)isanon-invasive
technologythat produces qualitative and quantita-
tive information onthe biomechanical characteris-
tics of dental prostheses and their supporting struc-
tures that can analyze masticatory loads under
denture bases.!t1?

Application of FEA by constructing a finite ele-
ment (FE) model(s), by recording specific material
properties, loads and special conditions to get an
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accurate simulation. With the development of di-
gital imaging systems, FEA can be performed on
the human body through the transfer of geometry
data and bone properties in 3-D form from cone
beam computerized tomography (CBCT) or mag-
neticresonanceimaging (MRI)tothe FE model so
that the model is anatomically accurate and the
simulation carried out can be conditioned as the
original.

DISCUSSION

The SDL is one of the solutions to overcome
complaints about discomfort,instability and lack of
retentionon CDwearers. A recent study was con-
ducted to compare the effect of using CD before
and after the addition of SDL on mastication per-
formance and the results showed a significant in-
creasein mastication performance afterthe addition
of SDL. SDL is effective in increasing stress dis-
tribution for CD wearers with knife-edge ridges.®
Basedonliterature, the use of SDL can reduce the
occlusalloadreceived by the alveolarridge so that
will decrease the resorption due to the cushion-
ing effect produced by the SDL.*°

In 2016, Singh et al stated that the use of SDL
onknife-edgeridges can balance the occlusalload
received by the supporting tissues under the den-
ture base.?* In theory, ideally SDL should have
elastic behavior to transmit the energy needed in
the mastication system and have viscous proper-
tiestodistributetheforce,absorbenergy and avoid
pain during mastication, providing cushioningeffect
to prevent the transmission of load to the denture
bearingarea.?®Kreve et al stated that viscoelastic
properties played a role in stress distribution and
absorption during clinical function.?®

Shrivastava etalbased ontheirresearch show-
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