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ABSTRACT

Edentulism is an oral health problemthataffects the quality of life because of the loss of equilibrium in the stomato-
gnathic system with impaired mastication. This problem can be more deteriorating in the condition of flat ridges,
which increases the stress distribution in the mucosa under masticatory load. Stress distributions that exceed the
pressure-pain threshold will result in poor masticatory performance, making it critical to choose the ideal occlusal
scheme for suchridge conditions. However,the measurement of stress distribution inthe mucosawithvarious occlu-
sal schemes is challenging forinvivo and invitro testing because of the inability to represent the complex stomato-
tognathic system. Insilico testing using finite element analysis (FEA) can be the solution since the modeling simu-
lation is acquired from CT-scan or digital designs and feasible experimental treatments. This paper discusses the
use of FEA in the measurement of stress distribution in the mucosa, particularly the flat ridges to different occlusal
schemes in complete dentures, and its association with pain.Itis concluded that advantages of FEA in obtaining
accurate modeling and testing flexibility allow the measurement of stress distribution and its association with pain

on flat ridges with different occlusal schemes in complete dentures.
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INTRODUCTION

Edentulismis an edentulous state withoutnatural
teeth,*2whichifitoccursasawhole it will be called
asfulledentulism, the conditionwithoutany natural
teeth.? Edentulism is seen as an irreversible con-
ditionand as a final condition of the course of oral
health disease, which shows changes in physical
and health conditions ranging from biomechanical,
phonetic, to aesthetic appearance disorders that
affect quality of life.?3

Edentulismis considered as one ofthe most se-
vere oral cavity problems, especially for the elderly,
whichimpacts quality of life and makes this condi-
dition partof a public health problem and affects pri-
mary health services.*’ The Basic Health Rese-
archorRiskesdasin 2018 published by the Minis-
try of Health ofthe Republic of Indonesiashows that
the proportion of patients who lose their teeth and
become edentulous increases with age.>Although
in developed countries the number of edentulous
sufferersis decreasing every year, the oppositeis
happening in developing countries.?® This is be-
cause socioeconomic factors, educational back-
ground, and government policies cause most pa-
tients to feel that tooth extraction and denture in-
sertionisamore favorable treatment option when
compared to the treatments to salvage the tooth
that are more complicated and higher costs. 3811

Complete denture treatment not only serves to
replace the missing tooth, but also includes the
supporting tissues that were lost when the tooth
was extracted, in order to restore the harmonious

function of the stomatognathic system. The impact
oftoothlossinterms ofbiomechanicalaspectshas
its own problems because the loss of supporting
tissue in the form of the periodontal ligament has
animpactonchanges in sensory and mechanical
functions that cannot be replaced by the edentu-
lous ridge.® These differences will affect the pati-
ent's ability to use dentures because of the need
for adaptation to mastication.®

The edentulousridgesthatserve as support for
the denture base have amuch smallersurfacearea
thanthe periodontalligamentin healthy teeth, more-
over,thetolerance threshold and adaptation of the
mucosato accept masticatory loads are notas good
as that of the periodontal ligament.®> Additionally,
the movement of the denture during functional or
parafunctionalmovements, can cause painoreven
theresidualridgetoreceive aloadthatcanbe des-
tructive.3This condition causes the patient to limit
the masticatory load by choosingfoodsthat do not
requiretoo much mastication effort soasnot to ex-
ceed the tolerance of the mucosa under the den-
ture.®

This will be worsenifthe areaofthe edentulous
mucosagets smaller dueto continuousresorption,
asis the case with flat ridges.*? This smaller area
of the edentulous mucosa will be even more sig-
nificantly differentcomparedto the area of the pe-
riodontal ligamentin completely dentate patients,
andastheresult, the masticatory load in flat ridge
patients will be distributed over a much smaller
area.®This matter cancause pain as a form of mu-
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cosal response when receiving excessive pres-
sure,*which canbe managed by reducingthe load
thatwill be received by the ridge and reducing re-
sistance during movement.'*Oneway to achieve
that is by choosing a particular occlusion scheme
suchaslingualized or monoplane, although there
are concerns that these occlusion schemes also
affect the esthetics and the masticatory perfor-
mance.*

Giventhatthe goal of prosthodontictreatmentis
notonlytofocus onreplacing the loststructure, the
denture must also be able to chew foods.*® The
patient's ability tochew canbe expressedinan as-
sessment of masticatory performance, which is
measured conventionally using the sieving tech-
nique,>1color-changeable chewinggum,t” or odor
intensity test.28However, the assessmentsfocused
onhow effective the patient's ability to chew with-
out any further assessment of why some types of
food could notbe crushed properly, which could be
because the patient was trying to limit mastica-
tionidueto exceedingthe mucosal painthreshold.?

Assessmentof the biomechanical response of
the mucosawhenthe denture functions result in a
complexstructural response, sotobe able to study
howthe biomechanical behavior occurs,a complex
stomatognathic system simulation is also need-
ed.’® The rapid development of digital technology
allows for alternative testsotherthaninvivo andin
vitro, simulation modeling canbe carried out accu-
rately and complex biomechanical behaviorcanbe
carried outrepeatedly withoutany destructive pro-
cess,intheformofinsilicotesting, by finite element
analysis (FEA).2*?1The use ofthe FEAtest, espe-
ciallyindentistryrelated to the biomechanical res-
ponse ofthe mucosa in dentures, has been wide-
ly used since 2000, and is growing rapidly.??

This paper aims to discuss the use of FEA in
measuring the stress distribution in the mucosa,
especially the flat ridges associated with pain in
complete dentureswith various occlusal schemes.

LITERATURE STUDIES
Stomatognathic system

The stomatognathic system or masticatory sys-
temisacombination of jointand oral structuresthat
are involved and work togetherin carrying out the
functions of speech, mastication, and swallowing.*
Speechor phoneticfunctionin edentulous patients
willaffectthe patient's ability to communicate which
ultimately plays a role in limitations in socializing
and low self-confidence.®"11.23

Swallowing functionis alsoimpaired in edentu-
lous patientswhere the swallowing process is car-
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ried outby moving the tongue forward betweenthe
maxillaryand mandibularridgesto create a closed
space. Thetimerequiredfor swallowingincreases
inedentulous patients or in patients with unstable
dentures, and this increases the risk of aspiration
into the laryngeal cavity.?*%

Intermsof mastication, the edentulous state cau-
sesthedigestive processthat occurs in the mouth
to be disturbed, which results in the improper ab-
sorptionof nutrients.”%2¢ The edentulous patients
often prefer soft foods, they usually avoid vegeta-
bles or fruits that tend to be harder, which also plays
aroleinincreasingtherisk of obesity, digestive dis-
orders, risk of heart disease, and diabetes.?326

Masticatory components

Masticatory components consist of teeth and
their supporting structures, temporomandibular
joints (TMJ), muscles of mastication, innervation,
tongue, cheeks,andlips.t The masticatoryfunction
ofedentulous patientsis disrupted due to the mis-
sing masticatory components,whichistryingto be
replaced by making dentures. When a tooth is ex-
tracted, the tooth and some ofits supporting struc-
turesare lost (periodontal ligamentand resorption
ofalveolar bone), so the denture will gain support
fromthe underlyingmucosa and residual alveolar
bone.3

Biomechanical of residual ridge support
The periodontalligamentin fully dentate patients
serves as support and positional adjustment for
the teeth and is also responsible for sensory per-
ceptionunderload, which cooperates with recep-
tors from other components of mastication to re-
gulate mandibular movement.® Loss of the perio-
dontal ligament makes a difference in support in
fully dentate patients and fully edentulous patients,
which will depend on mucosal support.®
Mucosal elasticity causes denture instability du-
ring functionaland parafunctional movements, with
mastication and swallowing being the most com-
monactivitiesthattendto occur in a vertical direc-
tion.*However,movementinthe lateral or oblique
direction has the most damaging effect because
it causes displacement of the denture so that the
masticatory load is distributed unevenly over the
entire supporting tissue, with the area receiving
greater stress than the other areas.®?’
Largeloadsthatoccur continuously can cause
damage to the mucosa and underlying alveolar
bone, so denture base needs to be made as wide
as possible and in close contact with the mucosa
sothatthe masticatory load is distributed evenly.®
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Flat ridges

Thesupportofthe edentulousridge willdecrease
whenitgetssmaller due to the resorption process
that occurs progressively.'2After one year oftooth
extraction, the height of the ridge decreased by 2-
3 mm in the maxilla while in the mandible there
was a reduction of up to 4-5 mm.'? However, this
boneremodeling processwill continue buttoales-
ser extent, in the mandible the reduction is about
0.1-0.2 mm per year, whereas in the maxilla it is
four times less.*2 A number of studies also show
thatincreasing age hasanegative correlation with
the heightofthe alveolar ridge.1*%2°thisis thought
to be due to the greater level of bone resorption
so that it cannot be balanced by the level of bone
formation 3031

The consequences of ridge resorption that oc-
cur in fully edentulous patients result in reduced
depthandwidth of the vestibule and sulcus, mus-
cleattachmentclosertothe crest of the ridge, loss
ofvertical dimension, reduced lower facial propor-
tions, anterior rotation of the mandible, and visual
appearance to prognathiclooking profile.1®*2This
conditionwilllead to a decrease in the area of the
ridge, based onthe Cawoodand Howell classifica-
tionregarding changesinthe shape ofthe ridge in
edentulous patients, the flat ridge condition is in-
cluded in classification V with inadequate height
and width of the edentulous ridge to support the
prosthesis.®

The areaofthe edentulous mucosainthe maxil-
laranges 42.12-46.54 cm?on average and 23.34-
28.43cm?in the mandible,**butdue to continuous
resorption, this area can be reduced to 22.96 cm?
in the maxilla and 12.25 cm? in the mandible.?
When compared to the area of the periodontal li-
gament in complete dentition, which is 45 cm? in
eachjaw,hencethe masticatoryload in completely
edentulous patients will be distributed overamuch
smaller area.?

Mucosal response

The oralmucosa has sufficient physiologicaland
mechanical capacity to notdeform under stress,*
thisisbecause of epithelium and underlying colla-
genfibers.353¢ However, when subjectedto exces-
sive pressure, injuries can occur to both soft and
hardtissues, pain or discomfort, and even further
bone resorption, which will affect masticatory per-
formance when wearing dentures, 3313740

The pressure-painthreshold (PPT) isthe maxi-
mum pressurethatthe mucosa can accept before
feeling pain.** This valueis higher from anterior to
posterior with PPT in maxillary edentulous higher

thaninmandible.2Thereduced areaofthe edentu-
lous mucosawill cause the masticatory load to be
distributedtoasmallerareaanddecreasethe PPT
value, as the result, pain will appear more easily
when receiving pressure.

Occlusal schemes

The reduced area of the denture support mu-
cosaontheflatridge requires management by re-
ducing the load that will be received by the ridge
and reducing the resistance during movementin
order to prevent pain from occurring.}*One of the
efforts that can be done is to arrange the artificial
teethin certainocclusalschemes otherthan bilate-
ral balanced occlusion, in example lingualized or
monoplane occlusion.443

Thebilateral balanced occlusionusesanatomi-
calelementsto provide amore natural appearance
and good masticatory efficiency. The lingualized
occlusionusesanatomical elementsinthe maxilla
and non-anatomical elements in the mandible so
that the appearance still looks natural in the pre-
molar area. The monoplane occlusion uses non-
anatomical elements as a whole so that lateral
movement reduces stress on the mucosa.*

The differencein shape ofthese elements helps
in reducing the load that will be transmitted to the
ridge and also minimizesresistance during move-
ment,butthe impactis reduced masticatory efficien-
cy, less aesthetic appearance, and modifications
tothe elementsthatneedtobe made. 4445 Thiswill
be more clearly seenifthe chosenocclusal scheme
isamonoplane with all non-anatomical elements.

Masticatory performance

Efforts were made from obtaining the widest
possible base, close adapting dentures with mu-
cosa, toselecting an occlusal scheme as prostho-
dontic efforts to obtain dentures that restore the
balance of the stomatognathic system. The denture
produced is intended to function in mastication,
and this can be assessed by testing masticatory
performance.'®Masticatory performanceis carried
out to measure how small food particles are pro-
duced using standardized test conditions.*

The conventionaltechniquethatis oftenusedis
the comminution method which uses the test food
whichis crushed by mastication, and the resulting
particles are then filtered using a sieving techni-
que,'>orthe use of fuchsine beads and spectropho-
tometry, or silicone cubes with multiple sieves.*In
addition, there is also a mixing ability method that
usesaspecialtestfood in the form of chewing gum
withtwo colors, the patientis asked to chewand ob-
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servethe colorchangeinthe gum,”or with an aro-
ma sensor that uses chewing gum with a special
aroma that will be measured after the completion
of mastication using an odor sensor.*®

Finite element analysis (FEA)

The FEA is a numerical method to get a solu-
tion to a problem accurately with modelling simu-
lations for later analysis.?®2! This method was ori-
ginally developed and usedin engineering to be a
solutionto complex physics and engineering pro-
blems, due to a series of very complicated steps.
The development of FEA allows modelling const-
ructionto be carried out quickly and effectively,thus
playing an important role in the engineering field.2

The use of FEA in the medical field has be-
come atestingtoolthathas developed significant-
ly, especially the use of biomechanical analysis on
livingthings, becauseitis non-invasive and easyto
repeat without the need for duplication.*® Further-
more, the modelling andtreatment can befreely de-
finedasdesired, various elements can also be com-
bined, the test process is run in one program, and
theresultingmodelalso hasidentical conditionsto
the original.?®

Developmentsin the field of radiography such
as CT and MRI have made FEA popular in dent-
istry, becauseit can accurately model bone geome-
try,interms of quality, quantity, and shape.*647 The
use of FEA in dentistry, for example the assess-
mentinimplants.+-4° obturator,° restoration,5: perio-
dontal ligament,>?°* and trauma and fracture.>**

DISCUSSION

Resorptionthatoccurs at the edentulous ridge
isaconsequenceoftooth extractionandlong-term
use of dentures.3156 A systematic review conducted
by Pham et al®® in a number of studies that mea-
sured the rate of resorption in the posterior man-
dible of patientswearing complete dentures, itwas
found that the average resorption in the posterior
mandibleranged 0.01-2.4 mmperyear. Thisfigure
hasaverylargevariation and is different from that
stated by Laing and Zarb*? stated that this resorp-
tionranged 0.1-0.2mm per year. Thisdifferenceis
thoughtto be due to the factor ofocclusalscheme
used, of which only seven studies used the bilate-
teral balanced occlusion.

A study by Alsaggaf and Fenlon* even found
that patients who wore dentures for more than 5
years experiencedsignificantridge resorptionwhen
compared to the group that did not use dentures.
Thisiscontrarytowhatis stated in Wolf's Law, that
the edentulous crest will atrophy if it is not used.5”
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Theauthorbelievesthatthere are otherfactorsthat
play arole so that resorption indenture wearersis
more significant, one of whichis the possibility that
the load distributed by the denture is uneven so
that it exceeds the tolerance threshold of the un-
derlying mucosa.

The mandibular rim gets its blood supply from
the periosteal plexus vessels which are suscepti-
ble to disruptionwhen exposedto pressure, which
cantrigger painand discomfort. If this pressure con-
tinues, inflammatory cells will be involved which
causesahydrostatic pressure thatexceedsthe ca-
pillary pressure. Additionally, the supply of nutri-
entswillbe inhibited andresultin further progress-
ive resorption.3

The same thingwas also expressed by Joanne
etal®*intheir experimental study, that when recei-
ving pressure, the connectivetissue underthe epi-
theliumwillexperience changesfirstwith collagen
sloughing, which hasanimpactonreducingtissue
resilience and lowering the PPT value.

Kondo et al** and Tanaka et al,*® in their study
ofthe biomechanical response ofthe mucosaunder
dentures, concluded that pain can occur when the
mucosaunderthe denture receives an unbalanced
load that exceeds the mucosalthreshold, whichifit
continueswill befollowed byaresorption process.

The concept of occlusion is still an interesting
discussionregarding prosthodontic efforts to pro-
duce stable dentures. Bhambhanietal*®intheir sys-
tematic review stated that in the BBO, the deflect-
ive contactof the anatomical elements can cause
the denture to become unstable. The same thing
was also stated in a randomized clinical trial study
conducted by Shiranietal,*°patientswith BBOden-
turestendtoavoid somefoodsthatcause discom-
fortdueto frequent denture instability, althoughin
the assessmentof mastication efficiency therewas
no difference comparedto other occlusalschemes.

The selection ofthe lingualized occlusionis also
aconsideration, especiallyininadequateridge con-
ditionssuch as flat ridge, with consideration of re-
ducing interferences during lateral movementwith
abetter aesthetic appearancethanthe monoplane
occlusion which is said to be an occlusal scheme
thatdoes not provide special benefits.45° Although
accordingtoaninvitro study conducted by Madalli
et al,** monoplane occlusion shows the smallest
pressure distribution whencompared to other oc-
clusal schemes.

Arandomized clinicaltrial study by Sutton et al®?
concluded that the lingualized occlusion was sig-
nificantly superior in reducing mucosal pain when
compared to the monoplane occlusion, whereas
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whencomparedwiththe BBO, theresultswere not
significantly different.

Studiesrelated tothe comparison ofvarious oc-
clusalschemesindenture wearers in several stu-
dies,*%%62were carried out based on mastication
efficiency or masticatory performance which were
assessed subjectively by patientswhen using den-
turesandwithout using standardized testfoods. In
addition, the patient's inability to destroy food due
tothe patient'slowresistance,”thiscan be expec-
tedduetotheloadbeingreceivedthatexceedsthe
mucosal tolerance threshold, whichcannotbe de-
tected by assessing the masticatory performance.
Other studies conducted by invitro,5.86384were car-
ried out directly on dentures, but the modeling of
the edentulousridgescould notrepresentthe com-
plex original condition, so it was not adequate to
studythe stressdistributioninthe oral cavity struc-
ture.

Inadditiontoin vivo andin vitro, assessment of

dentures and how the biomechanical response of
the underlyingmucosain silico using FEAhasbeen
carried outsince 2000.27¢571 The simulation model-
ing can be obtained from scanning or digital de-

signing (

Figure 1) then the testing will be run in a spe-
cific program such as ANSYS. The results and
measurements can be observed in the form of
stressdistribution onthe edentulous mucosaunder

the denture which shownin distinctive colors (

Figure 2).

Figure 1 Simulation modeling.5¢
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Figure 2 Stress distribution observation.?”

Takayama et al®® conducted a FEA study on
mandibular dentures using anatomical factors with
aloadof 1 kgf (9.8 N) directed at the anterior, pos-
terior,andbalancing facetsto observe the displace-
ment of the denture. Displacement was observed
to be greatest with the load directed at the balan-
cing facet, indicatingthatthere was premature con-
tactoccurringonthe non-working side. Disadvan-
tagesinthis study were the modeling was carried
out by simplification of the digitally designed for
boththe denture andthegingival mucosa, and the
givenloaddid notrepresent the average mastica-
catory load of denture wearers (50-100 N).”*72

Chowdhary etal”®assessedthe pattern of stress
distribution with FEAonthe mucosaunderthe den-
ture baseusing 33°,20°, and 0° factors. The cross
sectionofthe dentureis made in graphic form and
normalbone contours are obtained from CTresults,
withaload of 50 N. The result is that the 33° factor
showsthe greateststress, followed by 20° and 0°.
The drawbackinthis study isthe use of 2D FEAtes-
ting so that the resulting stress distribution is only
assessed atacertain point which does not neces-
sarily receive the greatest load when functioning.

Bardo et al ®” compared the stress distribution
with FEAin the use of conventional dentures with
implant-supported overdentures withvarious types
of attachments with a load applied of 100 N to the
incisal surfaces. As aresult,theimplant-supported
overdenturereceived agreater load than conven-
tionaldentures. The drawback of this study is that
the modeling designwas made with simplification
ofthe designand onlyfocused onthe anteriorarea.

Ol: 10.46934/ijp.v4i1.159



66

Sadr etal®® compared the stressdistribution with
FEA on mandibular denture with flat ridge with and
without soft-liner with a load of 50-80 N. The re-
sults showed that the use of soft-liner showed an
increase in stress of 18.5-30% compared to that
without soft-liner. The idea of adding soft-liner on
the intaglio surface of the denture apparently did
notprovide cushioning effectas expected to redu-
ce the stress received by the underlying mucosa.

Mankani et al % compared how the shape of
the posterior elements with inclinations of 0°, 20°,
and 33° produced different stress distributions in
thetissuesunder complete dentures when subject-
tedto amasticatory load of 100N in the vertical di-
rection. Theresults showthatthe inclination of 20°
and 33°produces a higher stressdistribution value
than0°, while between 20° and 33° there is no sig-
nificant difference. This is estimated because dif-
ferentinclinations willcause changes in the direc-
rection of the load and the greater the inclination,
the wider the contact areawith the antagonist will
decrease. However, this study does notinclude the
oblique load direction variable as arepresentation
of lateral movement, even though this movement
isthe most susceptible to causing disturbances to
denture retention and stabilization.

Zmudzki et al”* conducted a FEA study on the
stressdistribution of dentures with knife edgeswith
aload of 100 N applied in the vertical and oblique
directions. Theresults obtained showthatthe load
distributionwhenreceivingaverticalload reaches
252 kPa with a slight shift, but when receiving an
oblique load this figure reaches upto 3 MPawitha
shiftof 1 mm. The authors comparedtheseresults
withthe assumption ofanaverage PPT of 630 kPa
(300-1500kPa), thus exceedingthe painthreshold
fivefold, and suggested reducing the occlusalload
to30Nalone, whichisinsufficientfor chewing food
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