CILT : 8 SAYI : 4 ABRALIK 1972

Stress Distribution in Complete
Dentures

Senih CALIKKOCAOGLYU (**)

INTRODUCTION

As most of the dentists agree that the maintenance of the
supporting structures in a healthy condition must be a prime
requisite when constructing a complete denture. However, in spite
of the best clinical efforts, the underlying supporting tissues may
undergo degenerative changes. In some cases, the general health
as well as the nutritional status of the patient may be the cause of
these changes. As a dentist, there is nothing to do except to refer
the patient to his medical doctor for consultation. In other cases,
these changes are felt to be caused by the unequal distribution of
functional forces. Observations have shown that the main requisites
to eliminate the unequal functional forces seem to be that the
impression should he made according to the principles of mucosta-
ties and the occlusal design of masticatory surfaces should be
arranged according to the principles of balanced articulation.
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Assoclation held in Tehran between the 18th and 22 nd of September 1972,
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Now to begin with, | would like to define and explain a bit some
of the concepts | just mentioned in order to refresh our memories.

Today, most of the profession agree quite readily that soft
tissues for a complete denture construction should be registered in
an unstrained rest position. This is Mucostatic or Passive technique,
The mucostatic technique which is attributed to Page' demanded the
Impression material should record without distortion, every detail
of the mucosa so that the denture would fit all minute elevations
and depressions. However, this is only true for the basal seat area
of the dentures. Because in the last quarter of the century, many
attempts have been made to mold the periphery of the denture and
seal it dynamically according to the functional physiologic limits of
the muscles. (2,3,4,5)

The adherents of the mucostatic principle. considered interfacial
surface tension azs the only important retentive mechanism in
complete dentures. Therefore, they did not use conventional flanges,
because these did not resist vertical displacement which was the
only movement capable in interrupting surface tension. To satisfy
the above mentioned requirement, metal base should be used rather
than the dimensionally unstable acrylics.

The advantages of a metal base as given by Swenson (6} are
1} Better thermal conductivity as campared to the acrylic resins,
2) Increase in tissue tolerance hecause of a less irritating surfaces
and increase in stimulation from heat and cold, 3) Reduction of
hulk across the palate which is an important factor to the patient
as It creates more tongue space.

On the other hand, the dlsadvantages of a metal base may be
listed as cost due to intricate technique involved and the maintenan-
ce problems such as relining, rebasing and posterior palatal . seal
adjustments. (7) So, the indication of a metal base should be con-
sidered very carefully,

The casting of metal hase was first reported in 1820 in tin. (8)
Since then, some basic metals for casting have been tried and
gradually discarded. Today, cast metal bases are usually constructed
of chromium alloys. (6, 8, 9].

Another term to be dlscussed is balance. The prefix (ba} in
balance is a variant of bi which means two. The other part of the
word comes down from the Latin (lanx) which means plate. So the
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original meaning of balance is having two plates, This describes
the well-known balance scale.

There is also a balance crane, a crane in which there is a counter-
balancing weight opposing the load. Again here is the idea of two
components. However, this term has no value in prosthodontics
unless it is combined with another term or phrase such as balanced
occlusion or balanced artigulation. (10)

The .'Glos-sa‘ry of Prosthodontic Terms (11) gives four definitions
of balanced articulation in which the main idea is as follows :

Balanced articulation is such an arrangement of teeth so that
in any occlusal relationship as many teeth as possible are in contact,
and when changing from one relationship_to another, they move
with a smooth, gliding motion, free from cuspal interference and
maintaining even contact in harmony with mandibular movements.

At this moment, we must keep in mind that there is a difference
between occlusion and articulation. (12) OCCLUSION is to bring
the mandibular teeth up into contact with the maxillary teeth. This
Is a static position when the jaws are either centrically or eccentri
cally related. On the other hand, ARTICULATION is the contacting
the upper and lower teeth as the mandible moves to and from
centric and eccentric relation. This is a dynamic position of the
jaws. So it may be correct to speak of occlusion as any one specific
and static phase of articulation.

Balanced articulation is thought primarily in the mouth, but it is
arranged and may be observed on articulators. This is generaily
associated with cusp form of posterior teeth. To accept the concept
of balanced articulation is to accept the concept that the mandible -
makes ecentric movements during function.

Fig. *
Courtesy J. J. Sharry
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However, halance in nonanatomic teeth forms can also be
accomplished in one of two ways : (13) One can either set the teeth
in a compensating curve as is dotie in anatomic forms, or one ecan
set the teeth in a flat plane and utilize a balancing ramp just distal
to the second molar. (Sekil 1) This ramp is adjusted so that the
upper second molar will contact it in eccentric movements and
3-point contact will be provided.

Cne other concept of balanced occlusion is suggested by
Pleasure (14) using nonanatomic tooth forms. He sets the bicuspids
and first molars in an anti (convex upward) Monson curve, but the
second molars in the conveniional Menson curve. {Sekil 2) This
combination of Monson and anti-Monson curves in posterior oeclu-
sion is often referred to as the Pleasure curve. (Sekil 3)

Fig. 3
Courtesy J. J. Sharry
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In any case, research (15) has shown that if the articulation has
been balanced it may prevent many shortcomings of the dentures.

Now let's think for a moment that why do we consiruct a
denture?

One of the main reasons of constructing a complete denture
for an edentulous patient is of course to enable him to chew his
fooo propérly and efficiently. For that, force is required to achieve
the chewing act.

As a general concepi in physics, FORCE is a kind of action
which produces, or tends to produce, or changes the motion of a
body. i

In reviewing the literature, it was found that many attempts
have been made to measure and evaluate the masticatory forces.
Early measurements of biting forces were made possible with an
instrument called Gnathodynamometer. As an example of these in-
vestigations, Klatsky (16) has person attempt to chew upon a
Gnathodynamometer with a force which they thought they used
during mastication of food. He found that the force used was only
one-fourth of the maximal force which they could exert on the
instrument.,

Measurements made more regently with the smaller strain
gauge devices have been more  precise than these the early
equipments. (17,18,19,20) The strain gauge devices are put in the
denture hase where the sites are predetermined. The gauges are
soldered to the lead wires bonded to the base by the epoxy resin.
The lead wires are positioned and self curing acrylic resin  were
flown over them. A carrier preamplifier and recorder are generally
used to record all changes that occur in the denture base during the
functional tests.

The recent studies made with these devices are more accurate.
However, in general the conclusions are simifar.

«The chewing force causes an internal reaction in the hody on
which is directed, and that is STRESS. So stress in the internal
vesction to the external force and is equal in intensity and opposite
in direction to it. Since the applied external force and the internal
reaction are distributed over a given area of a body, stress in a
structure is designated as the force per unit area. In this respect,
stress resembles pressure and both are represented by the same
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Force
equation, Stress = ———
Area

As we all know, stresses can be resolved into the three basic
types which are recognized as tension, compression and shear.
(Sekit 4) -

TENSION results in a body when it is subjecied o two sets of
forces which are directed away from each other in the same straight
line. So the tensile strength is any resistance to deformation of a
body by a load which tends to stretch or elongate it.

COMPRESSION results when the body is subjected to two sets
of forces in the straight line and directed toward each other. That
is the load placed upon a body which tends to compress or shorten it.

SHEAR is the result of two sets of forces being directed toward
each other, but not in the same straight line. That is kind of a stress
which tends to resist a twisting motion, or a sliding of one portion
of a body over another. .

In_the fieid of stress analysis, it may be said that the experi-
mental siress analysis has been regarded as a distinct professional
branch of engineering, the object of which is the determination and
improvement of the mechanical strength of structures. Stress analy-
sis methods have the advantage that they maintain a direct relation
with the true physical nature of the problems under consideration.

The principle methods of experimental stress analysis are :

1. Photo elastic - stress analysis
2. Brittle lacquer - coating technique
3. Electronic strain gauges

Photoelastic stress analysis is used in light transmission to
study stresses in two or thre dimensional models and in reflection -
in which case a photoelastic coating is cemented to an opaque
structure to be studied. The isochromatic fringe patterns in the pho-
toslastic model loaded give the calcwlation of stresses along two
lines of Interest as Ib/inch® In compression and in tension since
different kind of stresses are resulted.

Since the stress distribution is rather complex, one must have
two drawing of the models indicating the fringe order in the model
and. at the surface of the model. '
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Brittle lacquer coating technique involves spraying the part to
he studied with a lacquer in a highly volatile solveni. The solvent is
allowed to evaporate under carefully controlled conditions after
which the part has been loaded. When tensile strain on the surface
of the part exceeds the tensile strength of the Jacquer cracks
appear. The loads and the position of the cracks are recorded and
the strain ‘at the occurrence of the cracks is determined by coating
the calibration bar with the lacquer at the time the par tis coated.

Electronic strain gauges technique is essentially attaching the
gauges just anterior and posterior the part to be studied. Loads are
applied statically and in vertical direction. The surface strain at the
particular position of the gauges is recorded and calculate accor-
dingly as microincher per inch. This is the change in length occurring
per unit length of the body when a stress is applied. The amount of
strain will differ with each type of the material subjected to stress
as well as with the magnitude of the stress applied. However, the
distribution of surface strain is quite complex for a variety of loading
positions in an irregular structure such as a dental bridge on which
the dynamic or impact stress analysis has also been reported In den-
tal literature (21).

Stress distribution on dental structures are mosily studied in
cast partial dentures and fixed prostheses such as inlays, crowns
or bridge works. (22-29). In complete dentures, the chewing effi-
ciency with various occlusal patterns and the degree of chewing
force are mainly investigated. (30-40) However, there are some
stress investigations in dental literature concerning thc complete
dentures as well.

One of them is in situ investigation which has been undertaken
by Koivumaa (41) for the evaluation of a prothenyl prosthesis. He
demonstrated when force is exerted on a flexible object, the distri-
bution of stress is not uniform.

Lambrecht & Kydd {42) have conducted an investigation on
complete dentures by means of strain gauges to determine the
consistency of the established pattern. This pattern has shown the
inequal distribution of force to the underlying supporting tissues.

Regli & Kydd (43) have also undertaken a preliminary study of
the lateral deformation of metal base dentures in relation to plastic
base dentures and demonstrated that the metal base denture was
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quantatively 8.5 times more resistant to lateral deformation than the
plastic base deniure.

Now, in general practice today, it is felt that the selective grin-
ding after processing the case is not performed unless great
discrepancles have been involved, and usually hinge-type articula-
tors are used in the dental laboratories by the technicians. In addi-
tion to these, the importance of registering the soft tissues ir an
unstrained rest position seems not to be fully understood and
appreciated. These may be some mistakes done partly by the den-
tist and partly by the technicians. However, since the proper treat-
ment plan and step by step procedures of the case can be possible
only by the dentist who is supposed to know and wunderstand the
biologic as well as the mechanical principles involved, the dentist
himself must be responsible of failure. In the part of findings, |
will show you the results of this irresponsibility.

So in the beginning, may | state my opinion as condemning the
practice of delegating the responsibility of the occlusal design of
_complete dentures to dental laboratory technicians and accept
whatever may come, just like leaving the design of a cast partial
denture to laboratory technictans. (44, 45)

| think now it is about time to express the main objectives of
this experiment : It was to determine 1) Where did the stress tra-
jectories locate in complete dentures, 2) Is there a significant diffe-
rence in metal and plastic base dentures with porcelain teeth in re-
lation to balanced and nonbalanced articulation.

MATERIALS AND METHODS

This preliminary study was undertaken in 4 patients. The artifi-
cial teeth used were porcelain and in cusped form for all cases.

The first patient whom | have concentrated this experiment
was 51 years old male and a denture wearer for about 5 years.

The mucostatic technique was applied in  impression making
and the chromium alloy bases were constructed for the upper and
lower master casts which were later covered by a very brittle ena-
mel material (Lining .enamel) as the factory (*) was reported.

(*) Emayetas. istanbul. Turkey
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The vertical dimension of occlusion was determined according
to Silverman’s phonetic and Niswonger's two dots methods. The
centric.relation record was determined in soft bite waxes by swallo-
wing. :

The denture was prepated in the Dentatus arficulator, only
transferring the vertical dimension of occlusion and the centric bi-
te. No other records were made and transferred to the articulator.
In other words, the Dentatus articulator was used as a hinge-type
articulator as mast of the technicians use in their practice.

The cusped porcelain teeth were used and set in a flat plane.
Care did never exercise to achieve protrusive as well as bilateral
balanced articulation.

After waxing the case, the four plaster indexes were taken
from the both parts of upper and lower dental arches including the
occlusal surfaces of teeth to insure that no positional changes were
incorporated when applied self curing acrylic resin.

After boiling out the wax, the artificial teeth were imbedded in
their places in the plaster indexes and attached to the metal base
by autopolymerizing methyl methacrylate. To secure the retention of
teeth, the metal base had retentive ioops along the alveolar crest.

Upon polimerization of the self curing acrylic resin, the polis-
hing was proceeded and completed dentures were tried in the mouth.
| wili cali this Case No : | A,

Then, the chewing tests were made to demostrate and evaluate
the stress trajectories. For that, the patient was planned to be given
roasted peanut. However, in some cases raw carrot was also inclu-
ded into the chewing tests. The patient was also suggested to chew
on either side or both, any manner which seemed most comfortable
for him unti! he felt it was time to swallow and we [et the patient to
swallow. The dentures were the taken from the mouth, rinsed with
tap water thoroughly and inspected with magnified glass to see the
cracks on the base.

Since no cracks appeared, it was decided to leave the dentures
in the mouth for two days. Still no cracks appeared.

This time, | have tried to find a more brittle material which can
he cracked under force. At the end, | have decided to use a special
kind of synthetic resin which is a substitute of the natural resin,
called Colophane, and a kind of petroleum residue. | have melted the
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resin in a cup mixing slowly and taking care of not to burn it. [ then
applied it on the base with a brush, not thinner than 1 mm. and fla-
med to obtain a smooth surface. The thickness of the lacguer coat
was also measured. Then the dentures were dipped into the water
to make them cold slowly since dipping then into a very cold water
suddenly caused the resin to crack due to the contraction of the
material. The cracks appeared were then photographed or recorded
schematically,

To repeat the same test, the same metal base denture was ba-
tanced. To do that, the dentures were inserted into the patient’s
mouth and protrusive record was determined following the face-bow
transfer. The lateral inclination of condyles were set in 15° degrees
in the articulator as suggested by Gysi. Then the selective grinding
was done for all the excursions of the mandible. The dentures were
again inserted into the patient's mouth and slective grinding with
the abrasive paste was completed. So we had a balanced articulation
for all the eccentric movements of the jaws, | will call this case No:
| B.

Then, the chewing test with peanut was made and the cracks
- appeared were photographed or recorded schematically.

tn order to see the cracks better over a dark hase, a new den-
ture was constructed with methyl methacrylate dyed with aniline in
powder form. However, when the flasks were opened, we have seen
the base to lost its rigidity and become plastic in nature. In this
case, we have decided to leave this attempt out.

For the same patient again, a plastic base denture were const
ructed in nonbalanced artrcu]atlon first, which | will call this Case
1A,

After finishing the dentures, the chewing tests with carrot and
peanut were completed and recorded accordingly. Then, the same
denture was balanced {Case No : Il B) just like before and tests
were again repeated and photographed or recorded schematically.
Wondering if the direction of cracks will ever change, the chewing
test with peanut was repeated a few days later in nonbalanced arti-
cutation before the case was balanced.

' Three. more patients whose dentures were constructed by the
senior students in the Faculty were also included into this study se-
lecting at random. These dentures were made with plastic bases and

— 344 —




porcelain teeth that their balances were not perfect at all, except

the case No : Ill. The chewing tests were again performed with the
same foods and the findings were recorded schematically. | will -ak
so call these Cases No : lil, IV and V.

To summarize, please look at Table : 1

METAL BASE A. NONBALANCED ARTICULATION

Casa No. | A. NONBALANGED ARTICULATION
Mr. AHMET PEHLIVAN '

PLASTIC BASE B. BALANCED ARTICULATION

Case No. |l B, BALANCED ARTICULATION

Mr. TAHIR TUZ. Case No. Hl. Plastic base. Balaned articulation
Mr. MEHMET TOPAL. Case No. IV. Plastic base. Nonbalanced articulation
Mr. DIKRAN KIZILOGLU. Case No. V. Plastic base. Nonbalanced articualtion

All the ariificial teeth used were porcelain and
cusped in form for all cases.

Chewing tests were done either peanut or carrot,
or hoth.

FINDINGS

Case No. | A. Mr. Ahmet Pehlivan
Metal base, porcelain teeth, nonbalanced articulation.

Chewing test with peanut

In the upper denture, the cracks appeared were all in the hori-
zontal direction. There was one crack in the palate; another one
was in the buccal flange way down the second molar, and another
two small ones at the distal of the second molar toward the end of
the denture. All these cracks were on the left side. There was anot-
her horizontal crack at the right side and it was on the buccal flange
near the first molar.

In the lower denture, there was one crack at the lablal flange al-
most vertical to the long axis of the first incisor on the left side,
and a bunch of very thin horizontal cracks at the lingual side between
the second bicuspid and the first molar near the periphery of the
denture on the left side again.
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Observations revealed that this patient seemed to be in the
habit of chewing on his left side, and when asked he told the same
_thing.

Fig. 5
CASE | A
Metal base, Porcefain teeth, Nonbalanced articulation
Chewing test with peanut
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Case No. | B. Mr. Ahmet Pehlivan
Metal base, porcelain teeth, balanced articulation
Chewing test with peanut

in the upper denture, there were only two cracks crossing the
palate almost horizontal to each other in the bicuspid area. There
was another diagonal crack in the buccal flange near the second mo-
lar on the left side.

In the lower denture, there was no crack at all.

Fig. 6
CASE | B
Metal base, Porcelain teeth, Balanced articulation
Chewing test with peanv* =
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Case No | B. Mr. Ahmet Pehlivan-
Metal base, porcelain teeth, balanced articulatlon
Chewing test with carrot o

In the upper denture, there were short cracks on the palate in
different direction around the midline. Another two cracks at the
ent of the second molars on both sides, and another one on the
right side vertical to the cuspid in the labjal ﬂa‘nge S

In the lower denture, there were two cracks on-the labial flange,
one at the left and the other at the right side almost vertical to the
second incisors. There were a few more cracks on the lingual flan-
ge near to the firet and the second incisors on the left side.

- Fig..7
T GASE IB . . o
Meta! base; Porcelam teeth, Balanced articulation
Chewing test with carrot
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Case No. !l A, Mr. Ahmet Pehlivan

Plastic base, porcelain teeth, nonbalanced. artlculatlon

Chewing test with carrot

In the upper. denture, the cracks appeared were Ioca’red an the
left side. In the buccal flange, there were diagonal cracks on the
area of the second bicuspid and the first molar. In the palate,. and
again on the left side there were horizontal cracks in the bicuspids
and molars regions almost horizontal to the dental arch as well as
to each other, ‘

_~In the lower denture, there were vertical cracks on. the buccal
flange in the left side, vertical to the long axes of cuspid and : the
first bicuspid., The cracks on the lingual side of the incisor. region
from cuspid to cuspid were diagonal in direction and these cracks
were cutting each other guite regularly.

. Fig. 8
CASE'II A
Piastic base Porcelain testh, Nonbalanced artlcuiation
“ "Chewing test with carrot’ u
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Case No. Il B. Mr. Ahmet Pehlivan

Plastic base, porgcelain teeth, balanced arilculatlon

Chewing test with carrot ;

In the upper denture, there was no. craok at al!

In the lower denture, the cracks appeared were located in inci-
sor region; Both on the labial and lingual flanges. The cracks on
the labial flange were vertical and in direction of long axes of teeth
from cuspid to cuspid. in the lingual flange cracks were. cutting
each other diagonally as in the Case No. Il A.

The chewing test with peanut in the Case No. |l A, that is; plas-
tic base, porcelain teeth and nonbalanced articuiation has been re-
peated twice with a few days interval :

" Fig. 9
_ CASE Il A o
Metal base, Porcelairi teeth, Balanced articulation
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Before z few days :

In the upper denture, the cracks were mainly located on the
left side. There were vertical cracks on the buccal flange at the se-
cond bicuspid area and especially on the first molar region. The
cracks on the palate were in horizontal direction paralle! to each
other as well as the dental arch. There were also a few more cracks
on. the plastic base. '

1n the lower denture, the cracks were mainly located on the
lingual flange from cuspid to cuspid. These were cutting each other
diagonally and quite regularly. There were cracks on the left buccal
flange going diagonally from the first molar region as well.. '

Fig. 10
‘ CASE It A
Plastic base, Porcelain teeth, Nonbalanced articulation
Chewing test with peanut
Before a few days
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After a few days :

In the upper denture, the cracks on the left side were almost
the same as it was a few days earlier. But the cracks on the palate
were a bit irregular. Ip addition, there were two short cracks at the
end of the denture, distal to the left second molar.

In the lower denture, the same types of cracks appeared on the
lingaul flange from cuspid to cuspid. Also, there were vertical cracks
on the-labial flange in the first incisor and cuspid area as well as
the diagonal cracks on the buccal flange in the second bicuspid and
the first molar region. There were abother two horizontal cracks, pa-
rallel to each-other on the lingual flange between two molars.

Fig. 11
CASE Il A
Plastic base, Porcelain teeth, Nonbalanced articulation
: © ' Chewing test with peanut
After a few days
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Case No. lll. Mr. Tahir Tz

Plastic base, porcelain teeth, balanced armcuiatlon

Chewing test with peanut

ln the upper denture, the same typrs of cracks appeared on the
right ‘side in the palate, that was the diagonal cracks in «before»
and «after» tests, as in the case No: I A The cracks at the posterior
end -of the denture were longer than in chewing carrot. Also, there
were vertical cracks on both sides of the buccal flanges in the quUS-_
pid region.

In the lower denture, there were diagonal cracks on the buccal
and the lingual flanges in the first molar area. Also, there were a
few vertical cracks on both sides of buccal flanges again, in the-
bicuspids regions. ‘

Fig. 12
CASE Il
Metal base, Porcelain teeth, Balanced articulation:
Chewing test with peanut
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Case No. IH. Mr. Tahir Tiz

Plastic base, porcelain teeth, balanced articulation

Chewing test with carrot

There were diagonal cracks on the palate in the first and second
bicuspids and first molar region. Also, there were a bunch of short
cracks at the posterior end of the denture. All these cracks were

-on the right side. There was anocther cracks on the labial flange, ver-

tical to the left cuspid.

In the lower denture, there was only one diagonal crack starting
from the cuspid on the labial flange in the right side.

When asked, this patient told that he can chew on either side
properly and comfortably. However, the observations revealed that
he seemed to prefer to chew on his right side.

Fig. 13

CASE 1t
Metal base, Porcelain teeth, Balanced artieulation
' Chewing test with carrot
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Case No. IV Mr. Mehmet Topal

Plastic base, porcelain teeth, nonbalanced articulation

Chewing test with peanut

In the upper denture, there were diagonal cracks on the right
side in the molars area mainly on both buccal and palatal region.
There wereg also horizontal cracks at the posterior end of the denture
intermixing with the palatal cracks as well as some more cracks at
the distal of the second molar on the same side.

On the left side, there were diagonal cracks at the second bicus-
pid and molar region on the buccal flange and some short cracks at
the distal of the second molar on alveolar crest. Also, a bunch of
short cracks appeared at the frenum area between the first incisors:
on the labial flange.

Fig. 14
CASE I¥ _ )
Plastic base, Porcelain teeth, Nonbalanced -articulation
Ghewing test with peanut
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In the the lower denture, there were vertical cracks parallel to
the long axes of the teeth on the lingual flange from cuspid t6 cus-
pid. More cracks were also observed on the tingual side In bicuspids
and molars reglon which were in diagonal or horizontal directin. In
addition, two short cracks appeared at the distal end of the buccal
flange on the left side. -

Casé No. V. Mr. Dikran Kiziloglu

Plastic base, porcelain teeth, nonbalanced articulation

Chewing test with peanut

In the upper denture, there wore a few horizontal cracks almast
paralle! to each other on the rugae area in the palate; two short di-
agonal cracks on the left side in the palate starting from the mesial
of the first molar. Also, a few more diagonal cracks appeared on the

Fig. 15
CASE V
Plastic base, Porcelain teeth, Nonbalanced artlculatlon
Chewing test with peanut ‘
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right side at the direction of first molar mainly toward the posterior
end of the denture. At the same time, there were two wertical cracks
on the labial flange paraliel to the long axes of the first incisors.

- In the lower denture, there were vertical cracks on the lingual
side from cuspid to cuspid; the diagonal cracks on the lingual flan-
ge atithe molar region on the right side and less cracks in number

lower denture

T
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Table 2 : This is the comparison of metal and. plastic base

~dentures. In the lower dentures, there is one thing

to be noticed that the cracks are mainly located on

" the left side in plastic base dentures with nonbalan-

© . - ced articulation. Because patient’s chewing habit was
on the left side. ' ‘
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on the other side in the same area. On the left side, there were ho-
rizontal cracks on the buccal flange, almost parallel to the dental
arch.

In the tables below, the findings will be presented thoroughly.
The negative signs indicate no cracks. The positive signs indicate
cracks. The more positive signs mean more cracks are located in the
particular area. The five positive signs in circles indicate the diago- :
nal cracks on both direction, almost paralellel to each other on the
lingual side of the lower teeth from cuspid to cuspid.

upper denture

Latal Right Leftl ‘Rugae Right side | Left side
Flange Buccal Buccat Zone on the on the
Flange Flange Palale Palate

Nonbalanced
Articulation

case. ]

METAL BASE
peanuft

Balonced
Articulation

LT

A
Nonbalanced
Artcdlation — — — = — _ 4 A+

PLASTIC BASE
case I1
carrot

Balanced
Articutation

3 .

Table 3 : This ig the same table for ﬂh-e upper dentures. The
five positive signs in circles iindicate the diagonal
cracks as explained above. P

I
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Canparison of the same denturs with peamt

lower denture
Lamal right Left Lngual Lintuat Linguai
Flange Buccal Buccal to incisors | W rrqﬁt to leflt
K Flange | Flange molars molars
BEFORE - — |+t |BeBee| — —
1 AFEW DAYS
PLASTIC BASE
NONBALANCE
ARTICULATION
case [ B
AFTER )
AFEWDAYS |+ + - + HPHDHB| — + —+
i
i

Table 4 : This is the comparison of the same plastic base den-
tures in nonbalanced articulation with a few days in-
terval when chewing peanut. I the upper denture,
cracks are mainly located on the left side due to

patient’s chewing habit.
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Comparison of the pame denture with peamat

‘upper  denture -
Labiai Right Lefl Rugae Right side | Lefiside -
Flange Buccal Buccat Zone on the on the
Fiange Flunqe Palate Patate
BEFORE — + |+ + + + o+
A FEW DAYS
iy — '
PLASTIC BASE IS NS
NONBALANCED : ‘
ARTICULATION
case I B
AFTER :
A FEW DAYS — - + + + - - A+

Table 5 : This is the same experiment for the upper denture.
The five positive signs also indicate the diagonal
cracks as explained above.. -~ . ...
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upper "_El;anture

Lai@ | Right. | Left | Rugge |Right side | Left side,
Flange Buccal | Buccal Zone on the on the
Flurnyge Flange Pulate Palate
Mr. Mebmet Y ’
Topal |+ 4+ + [+ 4+ + + ++++ — —
cased| B
‘Mr Dikran | T : T TS ‘ L
Kzlogiu | + =+ . - + ++ i+ S+
case:5
Table 6 : This shows the two different upper dentures in-non-
balanced articllation. In this table one thing is quite
clear that in one denture the cracks are mainly lo-
cated on the vestibular flange whereas in other, mainly
on the palate.
lower “denture
—l- - b Labial ,,,,,,! Right Lefl WLinqual - 1 Linqual Linqual
| Flange Buccal Buccal Lo incisors | to righl | 1o left
| Flange Flange molars molars
Mo Mehmet » |
-~ Topal — — — +++++ |+ + + |+ +
case.d
Mr Dikran ! | .
Kzioglu @ — + + + - ++4+++t+ e+
case.5
— i - S
Table 7 : This is the same experiment for the lower dentures.

Here, the cracks are mostly seen on the lingual si-

des.
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' lower denture :
Labial Richt Left Lingual to} Lingugl Linqual
Flange Buccal Buccal Incisors | to right | to left
Flange Flange moiars | molars
MrAhmet I~ o | e —s o e ] : -
. | Pehlivan + + — —_ + -+ -+ —_— — 5
nZ - :
-wf% caselB _ on the igft
2
<)
3| MrTahir - :
aE Tiiz + = - - - -
< | case I E
i upper denture
: : : | :
; Labial Right Lefl Rugae | Right side| Lefl side
- T Flange | Buccal | Buccal | Zone | on the on the
- Flange Flange. Falate Polale
Mr Abmet §
: Pehliven + 1 — — +~ + — — -
C08| cosens in the rucdi
: 8,: ' of the palate
-ty
< _j ]
:IJB Mr Tatsr | :
0= Tuz -+ - — . - ++ ++ T
1' S| cose I
Table 8 and 9 : These two tables show the upper and lower
' dentures of two different patients in balanced articu-
fation. The cracks in balanced articulation seem not £
as much as in nonbalanced articulation.
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DISCUSSION

In the field of scientific research one can make any kind of in-
vestigation on animals, in laboratories or in human beings. Labora-
tory studies are not the same when applied to humans since
human beings have a unique mechanism that you can never
duplicate in laboratories. However, much can be gained from these
studies. The same may not be true for animal experiments. But there
are still some differences between animals and human beings. For
that, if there is not a contraindication it would be advisable to study
the variables in humans. That is the reason why | have chosen to
study the stress distribution in patients,

Trapozzano (38) states that «one of the main difficulties with
which we are confronted in complete denture prosthodontics is the
scientific evaluation of so-called «basic concepts» or techniques. The
need for controlled studies is manifest. Without controlled studies,
many of our consepts and techniques will continue to be based on
‘empirical evaluations placed upon by the individuals who are frequ-
ently stating opinions, and not necessarily facts.», that is, why
all the research workers realize that for an investigation to
be valid, the thing being bested could be the only variable. In order
to accomplish this result, everything must be identical except the
thing being tested. While this experiment is not that kind of a control-
ied study, | do only hope that this may help some further studies and
‘stimulate the investigators to undertake a series of controlled studies
in this field. Actually, in literature, there are many investigations like
this which give a general idea of the problem involves.

So in discussing this paper, we must always keep in mind that
from this experiment some general conclusions only will be drawn
since in this experiment the below mentioned variables are not taken
into consideration :

Vertical dimension of occlusion

Thickness of deniure base

Setting artificial teeth on wider or narrower arch

Plastic and porcelain teeth in a common base with balanced
and nonbalanced articulation

Bucco-lingual width of teeth

Antero-posterior [ength of teath

Cusped, flatiplane and Centrimatic teeth

Different degrees of chewing force measured by an instrument

W N =

L NDow
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| believe the profession will answer these questions by means
of controlled, clinjcal studies.

The physical properiies of oral restorations must be adequate to
withstand the stresses applied by the repetitive forces of mastication.
‘This is what we call the strength of the material. The previous inves-
tigation (43) revealed that the metal base dentures were 8.5 times
more resistant to lateral deformation than the plastic base dentures
-while undergoing the forces of mastication. In my study the appearan-
-ce of no cracks, or I'd betier say, less cracks in the metal base den-
ture may be attributed to the strength of the metal base under the
chewing force. Fig. 5,6,7. So this finding may be considered In accor-
dance with Regli and Kydd's study (43). That means an edentulous
patient may not exert an extreme force to deform the metal base in
his daily diet, That's why the stress trajectories are not seen, or
vaguely seen on the metal base. Or to exhibit the trajectories much
sensitive devices are necessary as Regli and Kydd (43) used which
the human eyes can not see. Also, the enamel covered the metal base
‘may not be brittle enough and this may contribute the enamel not to
be cracked. In any case, metal base dentures can be Cconstructed
thinner than plastic base dentures concerning the resistance to de-
formation. A meta) base denture also satisfies the requirement of
developing an Interfacial surface tension in mucostatic technigue, and
at the same time it makes the patient comfortable by creating more
‘tongue space as Trapozzano (38) mentioned. All these helps the adap-
‘tation of metal base much better to the underlying tissues and this
may also help to develop less cracks in the enamel. There seems
not to be much difference between types of foods within the limits
-of average biting force so far as the chewing stresses are concerned.
| have the inclination to believe this is the case in metal base den-
tures. 2

in chewing test with plastic base demtures, | found one thing
was quiie clear that the stress irajectories were mainly concentra-
ted on the side where the patients performed their chewing acts,
since the plastic hases are not too resistant to deformation When
the patiént bites down on any tooth, the cracks seemed to appear on
that biting side since more force was exerted.

Balanced and nonbalanced arti@ulatiwdn due to Eu:spa_l_ti»n;terferen-
ces which cause to initiate more forces, metal and plastic base due
to close adaptation to the underlying supporting tissues and. the
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degree of chewing force seem to contribute the number of cracks
1o locate.

If the denture has an adeguate balance, the cracks will be seen,
it any, mostly on buccal flange where mastication has occurred, be-
cause a large surfece on the palate as well as the thickness of the
base near the artificial molars may absorb the stresses induced by
the chewing force more easily and this may result less cracks on
this partncular area. However, if there are palatal cusp interferences
the cracks may be observed on the palate too, (Fig. 11) or wheree-
ver the cusp interferences are. The number of lateral strokes during
the course of mastication may also help the accumulation of stres-
ses, especna]ly in nonbalanced articulation.

The physmql properties of food used in the tests in plastlc base
dentures, may adlso contribute the accumulation of stresses. .For
example, carrot may absorb the impact of chewing forces and this
prevents the chewing force transferred directly to the base. (Fig. 13)
‘On the other hand, peanut which is a brittle material may transfer
‘the chewing force directly to the base and causes more stress accu-
‘mulaticn in the area chewing. This may exhibit itself as more craeks
‘on the surface of the resin. (Fig. 14) However, the physncal proper-
ties of foods are not much to be considered since the balance of
the denture, the siructure of base, whether it is mietal or plastic and
the the dedrée of chewing force exerted by the patient accolnt mo-

re in this field. : . o :

The resin to be coated the denture base should also be thlck
enough and cold encugh to be cracked. Because when | apphed the
resin thinner and inserted the dentures in patient’s mouth maik[ng It
c,old it did not show any cracks whatsosver.

| also thought that the clear acrylic bace coated with darkly dyed
resin might produce hetter results so far as the exhibition of cracks
are concerned or vice versa; that is, a darkly dyed acrylic base coa'—
ted with clear resin. When | attempted to the methyl metﬁhacryiate 1o
do so, the denture base became plastic upon removal them the ﬂasks
The dying agent caused a kind of plasticity in the resin, and this pre-
vented it cracking under the chewing force due to its plasticity. These
cbservations have been before starting the experiment in-Casde: No. I;
However, it may be a way to prevent the dymg agent to soften the
.acrylbc base.

'If everything is. rlght but the strength of coating resin.is- hlglher
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than the patient's chewing force it would not be expected the resin
to be cracked. This is understandable. Because the number of cracks
seemed to be proportional to the degree of chewing force, and re-
versely proportional to the strength of coating resin.

I believe one of the most interesting findings in this study is the
diagonal cracks in both directions cutting each other quite regularly
on the lingual side of lower dentures from cuspid to cuspid (Fig. 8,
10). In the search of what caused this paitern, 1 made a test : | tock a
lower denture and coated it with the resin. | then took it with the
Fingers of my both hands, twisted one side down and the other side
up; and vice versa, a couple of times. The same pattern has been
shown in the same area. Then, I thought if the same movement would
ever be posible in the mouth? Why not. If the denture has nonbalanc-
ed zrticulation providing a cusp rise at the back in balancing side
and the patient performed his chewing on both sides, the lower
denture can easily make this very same movement due to the resili-
ency of the soft lissues and the cusp rises. Aciually the dentures
which showed this pattemn of cracks had nonbalanced articuiation, the
patients were chewing on hoth sides as a habit and the soft tissues
covering the residual alveolar ridges on either side were quite com-
pressible.

Also, in two lower dentures the cracks on the same side were
vertical in direction almost parallel to the long axes of the teeth as
well as o each other (Fig. 14). This may result of lower denture
pushed forward during chewing and the alveolar ridge as a fulcrum
point due to improper selective grinding or no grinding at all. Actually,
this pattern of cracks also appeared in dentures with nonbalanced
articulation.

So, the difference in thickness of the denture base, the chewing
force exerted by the patients, balanced and nonbalanced articulation
as well as the lateral strokes associated with nonbalanced articulation
may all contribute the types of cracks in length and in direction. These
may also help the number of cracks to locate. That's why in two
patients the same types of cracks may not be seen in the same area..

In one patient, the tests with peanut have been repeated twice
with a few days intervals, and the cracks seemed to locate mainly in
the same area where the patient chewed (Fig. 10, 11). It was ex-
cepted, because the patient’s chewing pattern did not change.
However, the other cracks in «aftern case may be caused by the
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patient to chew more vigoriously at that time causing more external
force to deform the hase.

Certainly as important as the measurement of forces and stresses
in dental structures is the use of this information in determining the
design of a restoration (21). Since the metals used in the mouth
have enough strength, it is not necessary to give a special care to
the design of the base. Metal base dentures can safely be construct-
ed thinner than the plastic base dentures. But when having fabricated
a plastic base denture, care should be given to the thickness on the
biscuspids and molars region to withsiand the stresses induced hy
the chewing force. Because patients usually chew their foods on the
second bicuspid and the first molar, Since these are primary stress
bearing areas, in order to prevent the base to deform, the thickness
should be increased. The space of Donders as well as the proper
room for the tongue may of course be the limiting factors. If the
balanced articulation and the close adaptation of the base to the
underlying supporting structures are to be achieved, the thickness
of the denture base may be reduced.

Finally, I must emphasise that the results mentioned here are
not statistically valid as anly a few cases were used in this study.

CONCLUSION

In summarizing the paper, | would like to repeat my opinions
shortly: | believe as a dentis, we must be careful about the below-
mentioned points when constructing a complete denture.

1. I there is not a contraindication it would be advisable to use a
metal base for the proper distribution of chewing stresses and to
withstand the force exerted by the patients during mastication.

2. | feel that dentures constructed on an adjustable articulator accor-
ding to the laws of articulation may be better than the ones
constructed on a hinge-type articulator concerning the stress dis-
tribution. In other words, full balance seems to be the requisite
for evenly distribution of chewing stresses.

3. Dentures exhlbit more stress trajectories on the chewing side,
especially in plastic base deniures with nonbalanced articulation.
This is directly related with the external force applied.

4. In nonbalanced anticulation, there will mostly be a unique pattern
of cracks in the lingual side of the lower incisors from cuspid to
cuspid. This may be due to specific movement of the denture
base during mastication.
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5. Since this is an uncontrolled study, | only stated here before you,
the distinguished audiences, my personal observations and trisd to
reach to certain conclusions which may not be based on scientific
evaluations, and | only hope to stimulate some further studies in
~this field. '

Thank you for your kind attention.

My sincere appreciation is expressed to Dr. Babir Canikoglu in
the department of crown and bridge, University of Istanbul, Faculty
of Dentistry, for his invaluable help in this study.

OZET

TAM PROTEZLERDE STRESS DAGILIMI

Bu arastirma’ tam protezlerde stress dadihmini inceleyebilmek icin yapilmis-
tir. Ayrica aynl arastibmanin bir yan caligmas: ofarak da metal protezlerie akrillk
protezler arasmda, stress dagilime bakimindan bir fark olup olmadidi da dikkate
almmstir. Yine bu calismaya ildve olarak balansli ve halansiz tam protezlerde
stress dagilimenin farklar da incalenmistir. '

‘Stress dafhimi tam protezler {zerine, Colophane denilen fabii recinenin yeri-
ne kullanifan dzel bir cesit sentetik recinenin sitilarak eritikmesi ve 1 mm. kalinlik-
ta olmak sartiyle firgayla sirlilmesi ile yapilmustir. Hastalara gidneme testierinde
frstik ve havug yedirilmis ve afizdan abinan protezierin hangi bolgelerinde reginer
nin kivildigy gozlenmistir. Bu kirilmalar sematik olarak sekiller halinde gdsterilmistir.

" Arastirmanin genel sonuglart séyle dzetlenebilir:

1. Siress daﬁl[lml wve gigneme basincina karsi protezlerin daha basarih olarak da-
yanabilmesi icin, sayet herhangl bir kontrendikasyon yoksa, metal kaide plakh
. protezlerin yapmwn: tavsiye edilir.

2. ‘Protezlerin okllizor Gzerinde degl, bir artiklilatdr (zerinde yapilmasi stress
- dafibm -bakimindan daha uygundur. Zira balansh bir artikiilasyonda stress bi-
© . pikimi belirli bolgelerde toplanmamaktadiy, U

3. Ozellikle balanssiz ve akrilik protezlerde stress birimi, daha cok cigneme ta-
. rahnda olmaktadir. Uygulanan kuvvetle stress birikimi arasinda dodru orant:
vardir,

4: 'Balanssiz artikiilasyonlu protezlerde alt protezin on tarafta dil bélgesinde bir-
- birini muntazam bir sekilde kesen diagonal gatiaklar olusmaktadir. Bunun ne-
deni balanssiz artikidasyonda alt protezlerin spesifik bir hareketine baglana-
bilir, ’

5 Kon—trolsuzibir arastirma olan bu galismanin sonuglart kesin olarak dederien-
o dirlimemelidir, Amag tam protezlerde stress dagihmu  konusunda  yapilacak
daha genls calismalari tesvik edebilmeltir,
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