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Abstract: The paper presents selected issues relating tobt@dantures with their general characteristicBxafigs. Refer-
ence was made to the most important material-coctgdnal aspects and the problems that arise Withtype of solutions.
In the work the method of durability and relialyiliéevaluation and selection of materials for theekiatics connections

of this type of structure was proposed.

1. INTRODUCTION

Modern dental prosthetics is a very vast area iefise
that makes it possible to reconstruct the shortogmi
of teeth in the form of fixed or movable additions.
The group of prosthetic permanent additions inctude
crowns, bridges, inlays. In the group of movablatdees
are: partial, complete and skeletal. As regard$esign, the
construction of each of these elements can bendisshed
on: skeleton, prosthetic superstructure and fixing elets
(Ciaputa, 2009). Fig. 1 shows the modules of taditional
components of a prosthetic bridge. In sense ofojhera-
tional life and reliability, the key technologic@rocess
elements include: material, design and technologyle-
mentation. The process of securing dentures inottaé
cavity and clinical aspects are also important, thase
problems are not the subject of work.

Crowns and bridges are permanently embedded, withou

need to remove it from the mouth. They do not penfo
well, when the shortcomings are more extensivegdnyg

several cavities. In case of several teeth los, dénture
making is considered. At present, the most popalar

acrylic prosthesis in which the artificial teetreanounted
in acrylic plate lying on the palate and gums (Qtap

2009; Hupfauf, 1997). Such a structure is a burdlerthe

bone and soft tissues and does not provide a stabpigort

in the mouth. Much better results provide skeledenture

application. Metal, individually matched frame byabes

and prosthetic thorns tightly embeds the patient/s teeth.

Such a solution minimizes the chewing forces, tiemsd

to the soft tissues and bone. In order to stremgthe loca-
tion of the prosthesis in the mouth, a number acize

fixing elements such as latches, slides, telescapdsnag-
netic fastening is applying. These details allowye@mov-

ing off the prosthesis, ensure its stable maintemasnd

fully comfortable use.

Constantly evolving dental technique makes it ingpos
ble to present in this work all types of kinematimnnec-
tions currently used in the overlay dentures. Thudy
selected types of precise elements are presentdd o
jective of assessment of their possible approxonatiim-
mutability and operational reliability. In this demt,
the author’'s method of assessment their durahgitpro-
posed.
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Fig. 1. The construction of prosthetic bridge: a) theapill
of a bridge, b) bridge span, ¢) buckle (fixing et1s)

2. OVERLAY DENTURES JOINTS

It is well known that the precise fastenings arplypg
to stable or movable prostheses. There are fixedhen
prosthetic pillars (natural teeth or implants). ¥fae con-
structed with two main elements forming the mectaini
connection between them. One part is the matrieatesl
on the tooth or several teeth, the root of thehtastat im-
plant, and the second part — quite often is fixethe mo-
bile denture. In comparison to clasps, precisefast have
many advantages, for example (Ciaputa, 2009; Hdpfau
1997; Raszewski, 2009; Sajewicz, 2008):

— they allow to get a good aesthetic effect (avoidaine
on the vestibular surface of tooth),

— during the dynamic phase of mastication, precisa-co
ponents ensure impact of only vertical forces anpit
lar teeth and preferred stimulation of the toothlesg-
ments of prosthetic foundation in a static phaaesing
that the prosthesis rely only on the mucous mendyran
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— the denture track introduce is always a paralbgktito-
ry to the long axis of resistance tooth,

— in case of the deterioration of prosthesis mainieea
the individual connectors elements can be activated
or replaced.

Durability and reliability

of dentures

l

‘ Marerial ‘ ‘ Construction

‘ Technology

Fig. 2. The denture operational durability
using engineering conditions
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Fig. 3. The examples of precisely constructional joints:
a) inside the tooth, b) outside the crown, ¢) asps,
d) crosspieces

c)
Fig. 4. The overlay dentures fixing methods: a) frictionctes,
b) mechanical, ¢c) magnetical, d) using screw

d)
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In addition, they can be used in many constructions
such as (Ciaputa, 2009; Hupfauf, 1997; Raszew§Ki9p
— skeletal prostheses,

- overdentures,
— partial settling denture,
— stable fastenings.

As mentioned earlier, durability and reliability tefeth
prostheses in engineering terms depend primarilyhoee
aspects: construction, material and technologys lillu-
strated by the pattern set in Fig. 2.

For the manufacturing process of dentures, nobkalme
(platinum gold, platinum-iridium gold) and chromikel
steels are used. In recent years plastic mate(galsh
as teflon, nylon, silicone) are utilized.

i~ O

Fig. 5. The examples of the overlay dentures fastening

In case of construction process, the applied cdorec
are divided into few groups taking into accountirtipdysi-
cochemical action (Hupfauf, 1997; Raszewski, 200&-
puta, 2009):

- inside the tooth — stiff joints, screwing, fastenin

(Fig. 3a),

— outside the crown — screwing joints, hinge andwsire

— rotating (Fig. 3b) connectors,

— root clasps — rigid screwing and screwing — rotatin

(Fig. 3c),

— crosspieces — rigid and resilient ( Fig. 3d).

For durability and operational reliability, the ifig type

of moving parts of overlay dentures is of high imtpace.



Those fixing (connections) are obtained by usin@Gta,
2009; Hupfauf, 1997; Raszewski, 2009):

— friction forces (Fig. 4a),

— mechanical retention (Fig. 4b),

— the use of magnetic forces (Fig. 4c),

— the use of forces from the screwing (Fig. 4d).

Above (Fig. 5) some fastening construction solwgion

of overlay dentures are presented. Having in masearch
targeted for the purpose of this study these alelynfixa-

tions which use a friction forces. It should be awbthat
studies of this type of fixations for dentures amv one
of the main areas of research of the Departmeniate-
rials and Biomedical Engineering at Bialystok Teichh
University.

3. RESEARCH CAPABILITIES
OF ELEMENTS OF DENTURES

For the purpose of assessing the performance cf-mat

rials for dentures in engineering term, varioubdidgical
testers are applied. It should be noted that variatin the
use of materials, the scope of external conditidngng
their real work, or a specific of micro-and macrovieon-

ment leads to the fact that the overwhelming number

of testers are the testers that combine the migitipl
of factors. Often these are testers, in which thestruction
of a working node is based on the already knowemsetiic
friction nodes, such as: pin / disc, ball / disadg roller,
roller / disc, etc. As a result, a newer modifioat of al-
ready known friction testers are constructed, trse
of which is addressed primarily to assess the pmdace
of friction elements, not the team of elements,dastal
prosthesis. As an example of such a tester is UMd&sgr
presented in Fig. 6 (CETR Tribometers).

Fig. 6. Micro-tribometer model UMT-2 (CETR Tribometers)

Presented in Fig. 6 tribometer is the universaliagev

for evaluation of tribological characteristics asdlected
mechanical properties of biomaterials, includingitdees
materials, tools and medical instruments. Howewespite
of its versatility and wide range of research opnaties,
this device works in the couple of pin/disc or hhdc.
Moreover, studies involving this tester are limited the
evaluation of two co-partners.
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Fig. 8. The example of machine for denture’s operational
reliability test (Behr, 1999)

Fig. 9. An example of model for prosthetic bridges testsdfker,
2004): a) stable part of bone, b) movable partoofeb

In view of the fact that the dental prosthesis i®a@am
of various interconnected components, there is ed e
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study under the same conditions the external eatsrtand
kinematics of the load of team elements simultasgou
In Fig. 7 the tester used by the Cibirka (CibiriZz901)
in which 10 elements were analyzed simultaneousiytal
implants) is shown. The studies were conductedfatigue
cycle to determine the operational durability o€ tana-
lyzed elements. However, this research was orieditanly
for a rapid review of implant materials, thus ifieet only
the implant was tested. Aspects of more elabomtstouc-
tion dentures were omitted.

Further research focused on the operational rétiabi
of dentures resulted in the appearance of work&ghused
a simple linear bridge restorations.

An example of a more advanced device is shown

in Fig. 8. This machine reflects in a greater degre
the working conditions of dentures in the mouthwidwer,
the modeled load takes into account only the mowveéme
in the vertical plane, which greatly simplifies tteal con-
ditions of the prosthesis work.

Some modification of the device shown in Fig. 8
is an apparatus model whose view is given in Fi@=iSch-
er, 2004). The advantage of this solution is thiétatof a
deviation from the equilibrium position (verticatif the
bearing screws mounted in tooth socket.

Fig. 10.The examples of errors resulting from load-beapitigrs in teeth sockets (Pietrabissa, 2000): a@raor of the implant’s fastening
distance, b) bend to OY axis, ¢) an error of impfastening depth, d) screwing to OX axis
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Fig. 11.The example of test machines and types of modeled
external extortions (Pietrabissa, 2000): a) thaukition
of error of the implant’s fastening distance, Ibaigthting
the implants, c) bending, d) screwing, e) the ef@me
to incorrect modeling of implants in X and Y axis
determine, f) an element for double-axis screwing

Other interesting proposal was submitted by thbamst
of work (Pietrabissa, 2000). They established thatmost
common form of errors in the functioning of progibe
bridges are errors resulting from different axigafion
of load-bearing pillars in relation to the geometrdy the
prosthetic bridge. Fig. 10 shows the analyzed srror

The analysis of cases presented in Fig. 10, alloaved
thors of work (Pietrabissa, 20Q0to build a model test
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which integral part is shown in Fig. 11 (11e and).1This
figure illustrates the diagrams of machines endbleet
analyzed earlier states of deformations. The testdspre-
pared in this way provides much more research coanbi
tions and gives better opportunities to assessdhkstate
of a prosthesis, taking into account the possibiéjre
implantologist’s errors. However, it lacks a comsteefer-
ence to the quality of service of the dental presith

Another example of the dentures diagnostic tesidsts:
an instrument shown in Fig. 12 (Kuchta, 2006). @bgan-
tage of this instrument is that it allows richendinatics of
the motion and putted loads, but the simulatiothefcon-
ditions of micro-and macrosurroundings correspogdin
the mouth environment is missing. It is mostly leegm
effects of various types of liquids and gases, |aaghaliva,
alcohol, juice, coffee, tobacco smoke, etc. In gotution
there is also no reference to co-partner, whicthésoppo-
site jaw. However it is worth to remember that thstru-
ment is intended to prosthetics diagnosis and ma@ssess
their operational strength.

On the above examples of different instrumentsttier
dentures evaluation, the best seems to be a derésented
in Fig. 13 (Studium Famulaturen&Auslandsaufentbhalte
The main advantage of this model is the usingsncdn-
struction the classical testing machine. Thereoisieed to
build a separate, specialized facilities and it vjdes
an easy way to rebuild the test stand for othed kiftests.
In addition, it is possible to assess both the ehelcom-
plete dentures, as well as smaller sets, which serse
indicates the test stand universality.



acta mechanica et automatica, vol.4 no.4 (2010)

:
J

E%

l:i:-T_ll:th.I,-.Lu}-Jn-—
=]

It is also worth mentioning that the operating eystis
locked in a casing, which also makes it possibleuse
liquid and gaseous media. As a drawback of thisstsd
(shown in Fig. 8) can be considered very small mouet
kinematics of the analyzed elements. Indeed, ébisfined
to put loads in the vertical plane and turnovethie axis of
the prosthesis.

Given by the examples presented above and tha-liter
ture analysis of utilized methods and apparatugtdsting
dentures a device of own design was proposed.

4. THE PROPOSITION OF OWN DEVICE
FOR ASSESSMENT THE OPERATIONAL
RELIABILITY OF THE DENTAL PROSTHETICS
ELEMENTS

. — Due to the patent process started, this paper sbalys
Fig.13.The s.tand for denture tests — artificial mouth a simplified working area of the device with thespibili-
(Studium Famulaturen&Auslandsaufenthalte) ties of movement and load (Fig. 14). Designed devic
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is intended to serve both the individual compondikis
crown or permanent fillings, through simple andgdiaal
bridges to full dentures. Fig. 14a illustrates viefvthe
working node of the device in lateral position. §lprojec-
tion shows the load pins movement (up-down) invieic-
al plane. Because of the possibility of three oren(op-
tional) pins, Fig. 14b and 14c presented the placgm
and the full range of designed moving elements. Rivigr
pins are driven by a special mechanism, which m#keis
movement is shifted in phase. This gives the skedal
‘wave’ effect. Thus, in Fig. 14b is indicated th&isging
movement of the lower table in relation to horizdrgur-
face. At the same time the lower table has theitabil
to perform lateral movement (right-left) and risirand
sinking to the bottom (Fig. 14c shows the examplfitting
the prosthesis to match its location on one ofttiges).
Normal operation of the device intersects with eatter
all these movements, thereby making the complexemov
ments of the test pieces - both sinusoidal in ludnal and
transverse table axis.

Optionally, the removal of the lower table is exjeec
in case of evaluating of the individual componelike
crown or materials on permanent dental fillings.skch
cases, the test sample is fixed onto the tableirtofpont
of the loading pin.

Another important element of the designed testeéhé
possibility to choose the number of pins. Minimatlynay
be one, with maximum of 5 pins, as illustrated ig. R.4c.
Starting situation involves the use of three pimst, there
is the possibility to use also five pins. Theraliso an op-
tion of changing the position of pins, dependingttoa size
of the prosthesis.

With respect to the external forcing parameteshdauld
be mentioned that the load on test samples witkgelated
by appropriate setting of the upper table, the remb
of working pins cycles, electric motor's speed, réffiere
time of device work may be set in any way.
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Fig. 14.The working couple of the device for exploitatidalslity
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It is assumed that the tester's work will enabgertrea-
surement of maximum force. In addition to the loadi
force measurement the possibility of the measurémen
of friction force between the cooperating eleméstantic-
ipated. During analysis the generalized frictiorcéowill be
taken under account - as the resultant of theaatig fric-
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tion forces. Tests can be conducted either wittgpecified
time or until the first of any damages of assesdethents.
It is envisaged that the quality of prostheses élldecided
by reliability coefficients or tribological factardt should
be noted that the entire work space will be closed
in a transparent chamber with the correspondingecting
pieces, which can be pressed distorting mediumh ssc
tobacco smoke. By the droplet method or aerosdl lveil
added liquids such as alcohol, tea, coffee, aidifisaliva,
etc. In addition there is the possibility of hegtthe system
to the temperature of 37C.

The designing tester in such a way gives a gooed ap
proximation (with respect to the kinematics of roati
of working elements and micro- and macrosurrounsjing
of dental prosthetics elements work in the realdittons
of mastication in mouth. At the same time the usage
of various media will enable to assess their impacthe
reliability of tested items, but above all it iscessary
to model a real "microclimate"” of the mouth.

5. SUMMARY AND CONCLUSIONS

In the work the closer construction problems ofrtaye
dentures fixings was elaborated. The sustainability
and reliability of this type of construction in tes of re-
search opportunities was discussed. A few typetesiers
for assessing the performance of biomaterials urselénti-
stry and the durability and reliability of prostiwedentistry
elements was presented. The existence of numessis t
stands, which kinematics of motion is based onwied-
known for a long time tribological testers, such stem /
disc, ball / disc, etc was indicated. The presentst
equipments are helpful in evaluating of the maltgria
and components of dental prosthetics, but in tbemstruc-
tion it is not possible to simulate the complex ements
of the stomatognathic system, or simulate the mlorate
of the mouth.

According to above testers analysis, the own caostr
tion solution of tester which asses the reliabitifydental
prosthetics elements was proposed. Due to the tppten
cedure taken, this paper presents only the sintiledadi-
tions of external forcing in the form of a simpdifi kine-
matic scheme. It should be noted that the testdessgned
to allow simulation of complex movements of thetads
components, and additionally it is envisioned tointzan
artificial -model climate corresponding to the noienvi-
ronment of the mouth.
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