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In Vitro Simulation of Axial Cyclic Chewing Loads

Déngtise! Dikey Cigneme Yiiklerinin In Vitro Simulasyonu
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Abstract

Objective: This sludy was contucted Lo charactariza lime/sicain relation in a chewing cycle and use the graphical arfay of (his
diynamiz data as-a reference 4o dagian a funclional lhad simulator

Methads: An experdmental implan! suprastructure was designed #s 8 ransducar Im vvo funciisnal straing were recorded on the
sipragiructure during gum chewing and simulating shiewing when no food accluded. A loading device was designed and produced
to stmulate he fime related bahaviors of chewing loads, The same sxperimental suprastriciure was then mousted on fHe implant
analegue in the plasler cast and the medel was loaded in vitro by the loading devica. fn vivo and in vitro plats were eompared for
the simulation criteria

Results: Tmelzlain plol shtained fram the gatient who nas implant supparied crown described both an impact and 2 stationary
affect whan ne food was chewsd, Therz was ng sign of impaction during gum chewing

Concluston: The timefstrain relation plots acquirsd from fhe patient and the expenmentzl model were analog

Keywords: Dantal implants, bismechanics, strain gauge, lunctional Inading, chewing pattern

Ozet

Amag: By caligma adiz igenisinde bir ciinems siklusundakl zamandgeriineg figkimmn karaktenze sdimes ve buradan side edilen
eerilenn fonksiyonel b yuk simdiaténdndn yapdmas: icin relerans olarar kolianimasim hedefemettedi

Yontem: Deneysel olarek hasta afonda keliandacak (mplant wst yapsnm b dongstiricd olarak aoray yapmas sajdlanmig ve
figneme sirasinda yapda olugan gerlimlsr in wive ofarak kaydedidl  Elde edilen verilar Bir veri toplama moddld ERyEsInda
isleneres edidh ve grafic haline getnldi Yikleme dniles: gifineme yikindn ramana badh lizkisini yansiacak sakiida yaoidy, Ay
implant ast yaps alge madeldelr implant analogu Gzorine vedegliriersk in it wiarak yoklendi fn viva ve novilro grafik verier
taha sonre SMIMasyonun kontrald ipin kersiasiindd.

Bulgutar: Agiw wgensinde gida clmadiginda elde edilen venlerde Ik carpma (impact) ani ve ardindan bk tir slan iziendi Sakiz
pgnEmE Sirasinds garpma mpachon] seklinde bir verd elde editmed!

Sanug: Sonug carak hastadan alinan in vivo varlier ve ayn Grock-Urerinden alitan in wird venler kargiastiridigmda fenkSivone
Ut stmdlaidrinuo yaphd similasyonun rarsiagtirdabilir sldudu gaeiidi,

Anahtar-sdzcikler: Denial implantiar, biyomekantk, garime dilger, fanksivonal yilkleme, sifneme madel

Introduction interface and bone around implants do not prove, but

support the elivlogy of overfoad failure.® Although
Ihe blomechanics of implant-bore interface and  basic researches on loading of implants throwoh
Bane around dental implants has been the major experimental, analytic or computer-based studies
concern on the survival of implants, It has been  have been implemented, il has been claimed that
stated that in vivo studies'” designed 1o understand  none of the biomechanical models had  been
he Blomechanical behavior of the implant-bone  validated in view of in vivo data.
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in addition, nominal strain in bones as a result of
static loading caleulated wsing existing maodels in the
lilerature might severely underestimate aclual strains
oecuming al micro structural level” Such a discrepancy
al micro structural level is so far unprediclable either
under functional loads due to their undefined energy
absarption rate within duration of milliseconds. Load
lunctions are dynamic and applied through duralion
uf contact. The mechanical behavior of hard tissues
and implant-bone inlerface vary by cyclic loading.
Thus, the components of biomechanical system may
perform a tme dependent stress distribation and (he
materials would behave differently due to the altering
rate of energy transferred,

Up to date. various masticatory simulators have been
developed Lo imitate in vivo conditions,™  Although,
masl of lhem are effective in simulating clinical
conditions, their major disadvantage 15 that they can
aniy Imitate different magnitude and cycle conditions
in order 1o evaluate the fatigue characleristics of
dental matenals™ " and implant components’™ without
time-dependen| Taclors

m arder Lo define the effects of dynamic characteristics
al functional Inading on a model or specimen, the
applicd  loads simulate  not  only  the
magnitude but the duration of contact within a eyele
percd also, Experimental stress analysis for time-
dependent parameters. however, is a challenge of
canying in vive loading condilions into labaratory
and recording altering stresses in real time, While the
recording media can be provided in syslems for
engineering applications, the simulation of Tunctional
ads Both in maynitude and s lime-dependent
behavior has not been Introduced.

shiouled

This study was conducted to design and develop a
functional loading device that simulates axial cyclic
chewing loads with their time dependen| characteristics
mciuding duration of contac! and whole eyele duration,

Materials and Methods

A cyelic loading pattern was obtained from a patient
to be used as a reference in designing the loading
device, The duration of contact and the cycle duration
were accepled as tme related properties for a

functional load and were determined in vivo by means
al strain on an experimental implant suprastructure
using the following methed, The loading device was
designed Lo imitate the time-stain relation,

The stress-time characterization during functional
oading

To characlerize the load time relation during &
chewing cycle, stresses on an experimental implant
suprastriuclure were analyzed in vivo, A 28-year old
male patient in good general health and who needed
a single implant supported fixed partial denture was
analyzed in the study. The patient had {wll dentition
except for maxillary lelt frsl premolar and third
molars. He had no history of arthadontic therapy, any
restorations, goad perodontal Bealth, stabilized canine
quidance occlusion and he was free of premature
contacts. The in vivo experimental procedire was
dpproved by the ethical board of Faculty of Dentistry,
Cubkurova University, Adana; Turkey and an informed
conserd had been oblained from the patienl before
an implanl (D38 mm ¢ LI3 mm) (Fralit |, Friadent
GmbH, Germany) was placed at sile of missing 24.

An experimental Implanl  suprastructure that was
produced  [rom implant abutment (Friafic2  MHG
Abutment, Friadent Grabh, Germany) was designed
as o lransducer. A stain gavge, (EA-06-031F-120
Measurements Group |ne Raleigh, NC. USA) capable
of dynamic measurements, was bonded al lhe
prepared facial surface of the abutment with self-
cured adhesive (M-Bond Adbesive, M-Line Accessoties,
Measurements Group, Inc., Raleigh, MC. USA) and
isolated with polyurethane coating (M-Coat-A Alr
Drying PFolyurethane Coating, M-Line Accessories,
Measurernents Group, Inc, Raleigh, HC, USA), A partial
crown was bulit to provide simultaneous occlusal
contacts (Figure Tal Below the cervical finish line of
prartial crown a slot was prepared al lingual surface of
the suprastructure 1o amplify the deformation al the
strain gauge surtace (Figqure 1h,

A data  acquisition  module  (ESAM 1L Vishay
Intruments; Ralelgh. NC, USA) was used o measure
and record the dynamic changes in strain data. The
recorded data was processed and  prepared  for
araphical analysls by the soltware of the: module,
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Figure L. Cxperimenial suprastricture: boccal fal-and lngueat (B
AR[R2CLE,
impact experiment

Before in bive recordings an impact experiment was
performed to define the pertinent rate of data that

could perceive strains as an impact effect at the
iniliation ol tooth The experimental
suprastructure  was onto  the  implant
analogue in the plaster model and the model was
mounted on the impact loader. A stainless steel
sphere rolled on aninclined plane onto the mode)
and loaded the lingual cusp of the suprastructure.
The strain measurements were performed during the
impact |loading. A higher rate of data was used in
acquisition at each consequent impaction {rial, The
impact effect was evident a1 500 data'sec and the
magnitude of strain value increased at higher rates,

contact,
serewed

The magnitude of strain values remained unchange:d
al the rate of 2000 datajsec and higher, Thus, 2000
data‘sec was accepted as the data threshold per
second to capture the irmpact effect for the acquisition
system (Graphic 1).

After the impacl experiment, the suprastructure was
[aced on the implant and a single contact was
provided at lingual cusp tip (Figure 2i. Polyurethane
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Graphlc 1, Impact experiment results, (21 800 datases, (b 20000 data'sec
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liner was used to isolate the gauge and the wire in
oral envirenment. The patient was then reguested to
try his axial chewing pattem; first without and then
with a chewing qum (Figure 2, The cyclic alteération
in strain data at the surface of the abutment was
recortded. The time between initiation of contact and
first peak, the duration of contacl, the eycle duration
and the strain time relation during the whole cycle
were determined by the dialtized active cursors an
the plot and served as simulation criteria

Figure 2, The solo conlact 3l palatal cusp of pertial crown
provided the bending of steam gaugesurface oo the
Intraosal

suprastruclore position al

g

expernnenial

supraslruciure during gum ol

Funclicnal load simulator

A loading device was designed o simulate axial
functional loasds with their time-related characteristics
as defined in vivo. The simulator was capable of
applying avdl forces up to 300N and contact durations
al 0-250 msec in any predetermined chewing cycle
period at a number of cycles up to 107,

The device had a mechanical part and a programmable
control unit (FLC) (PWI Esil Eleklronik, Istanbal)
iFigure 3}, The control unit had the function of setting
force, duration of contact and release, chewing oycle
period and number of cycles,
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Figure 3. Sthematic representation of Funchons Load Simulator

The: PLC ndramat
Drive, Mannesmann Rexroth, Stuttgart,  Germany|

controlled a servomotor Mire
The tatation of the axially-oriented infinite rod screw
by servomotor has provided the movaemen| ofa track,
which slid pair  of
(Mannesrmann Rexroth, Stuttgart Qermany). Track was
carrying an asially eriented load transmission rod with

over & stainless  steel rdiis

A cylinder attached to its end, The oylinder hosted a coil
spring (DIN 17221 €, Rigidity factor: 23.684) with a
lodder tip screwed at its terminal, It also provided an
axial guide for spring-loader-tip unil,

A mangle, which was supparted by a magnet base,
was designed lo mount the models or specimens o
The test was positioned  and
slabilived under the loading stylus by this support,

bie  tested. model
Between the mangle and the magnet base a load cell
(9363 Universal Load Cell, Kevere Transducers Inc:
Callfornia, U5A} was used to access the feedback data
ter control the unit and pedonm the loading conditions.

The experimental suprastructure was then placed
ento the implant analogue in the plaster mode| again
and the model was mounled on the stabilizer unit of

[ ss I



the: Tunclional load simulator (Fiqure 41 The loading
dievice was set to simulate the charactarislios of Lhe
cyclic loads delermined in the patient in cycle duration
and duration of contact.  The same data acquisilion
systerm and rate of data was used both i invive and
i vitra recordings,

Flgure 4. Functional load Senulaloe aml test madel sipper with a

loaved cell beogmn feodtack data o PLE.

Hesults

The fime/strain relation obtained from the patient
when no food occluded was compared to the plot
acquired fram the in vitro recording (Graphic 21, The
muvernent characteristic was found as typically cyclic,
Through in vive plot for 10 oycles, the ranges were
lound was 630-750 msec for cycle duration; 240-310
msec for duration of contact and 109-1 10 msec for
the time between the iniliation of contact and the first
peak. The loading conditions at the loading device
ware set torange values of 650 msec for cycle

EU Dighek Fak Derg 2006; 27 5563
250 msec forduration of contact and 100
msec for lime between the inibiation of contact and
the: first peak. All of the time-related conditions
described 1o the device were absolutely obtained
throwah the in witro strain time plots, The straintime
relation acquired from the patienl and Lhe experimental
midel was analtogous,

duration,

Analysis of time-dependent stain values rom Intraorzd
recordings revealed an impact effect at the initial
morment of contacl and a stationary effect when the
impact effect was over in case of mo [oed s occluded
(Craphic 20, The Impact phase duration In the impac!
gxperment was momenlary (b1 msec) (Graphic 3.
When the experimental suprastructure was loadesd i
vive, it was approximately 60 msec, The impact effec
was not obserned when @ chewing gum was chewed
and peak stresses were reziched gradually (Graphic 4,

Discussion

The aim of Lhis study was to develop a loading device
which imitates the oyclic time/load pattern of axial
functional loads. A method has been describied In order
o detemmine the real force-time relation functionally,
The changes in strains during loading were directly
recorded with a high rate of data acquisilion through
a test suprastruclure on a single implant that was
maodified to a transducer. A real time-steain relation
wiag captured as lhe suprastructure had simullaneocus
and homogenous contact al intercuspal position and
physiologic muscle length.

Time-strain relation was determined first during gum
chewing and than during chewing simulation without
food. It cerlainly should be accepted that chewing
pattern for food chewing would differ from either of
the above cases. As @ requirement of an agreement
on the existence of impact forces al least after a hard
food is broken,” this study aimed lo reveal and
simulate any lype of force thal can ocour during
occlusion, Thus, the dynamic strain measurements
were performed both during gum chewing and durng
simulation which were consequently
presumed to be the least and the highest possibility
ol impaction.

of  chewing
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Graphic 2. (a) -Time-strain relation recorded in vive - when palient simulating chewing: no food occhuded
Il Strain-time relation recorded n vitre - when the superstruclure was loaded by functional
loading device.
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Graphic 3. The magnitude () and duration af impaction (1< Imsac (b)) during impact experiment,
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Graphic 4. lirne-stram relation recorded @ eipo- doring gum chewing ne impact forges ooourred,

The impact effect perceived on  the same
suprastructure at impact experiment was different
from the effec) at the initial suprastrocture-tooth
contzcl, When the experimental suprasiructure was
ur the plaster model as a solid supporl, 8 momentary
increase  in o strain was observed al the impact
experment. However, when the same suprastructure
was |oaded in vlvo during the chewing stmulation,
initial implant-toath conlact provided an increase in
strains wilhin a period. The duration of this impaction
phase was abool 60 msec. This difference can be
attributed to the stress absorbent behavigr of either
the bone arcund dental implants or the periodontal
tisstle ol appanent natural loath, The impact phase
at lhe strain-time plot during in vive loading when no
food was occluded may be accepted as impsaction
absorbed woan extent. On the other hand, there was
no evidence of impaction during gum chewing in our
stucly,

When n vive and In vitro (Graphic 2} experimental
stratin-time relation is compared, they can be considered
analogous. As @ result, it-should be accepted that the
experimental apparatus has successfully simulated
the dynamic behavior of the force pattern and can be
used for lunctional stress analysis. The rate of increase

in strains starting-at the initiation of contacl, chewing
cycle period and  duration of contact bas been
successiilly duplicated. The strains were not convierled
into force magnitudes, as it was not the scope of the
present study, However, the device was designed io
apply any rmagnitude of force in any predetermined
cycle characteristics.

Any examined system might have different reactions
o Ipads in dilferent characters in 1&rms of stress
distribution, Since simulated models may nol be
sufllicien! to observe Lhe realistic behavior of materials at
static loads,"" they neither might be sufficient to
observe at functional loads. The difference in roechanics
behavier of bone around dental implants due (o
either static or functional loads has nat been defined
in evidence,

Further research should be advanced o understand
the: fime-dependent mechanical behavior of hard
lissues and ils effects on stress distribution under
cyclic loads, By means of applying functional Joads
oile blomechanical models or specimens thal host
an  osseointegrated  dental  implant.  the stress
absorption capabifities of tissues and materals can
be studied, That study plan inevitably would require a
device thal simulates lunctional loading including the
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tme-dependenl paramelers, Although these time-
dependent factors could be imitated in our study
madel, further research s needed to improve such a
simulaler which will be developed with the data from
a larger study population,

Conclusions

The: airn of this study was to develop a functional load
simulator which could be used to evaluale the
Behaviour of materals and bone under time- and
lorce-dependent factors: Although the data from only
one patient who chewed only one kind of food was
evitluated in this study, this simulalor was able to
imitate lunctional loading with their fime-dependent
characteristics during chewing, The results of the
study showed thal the fime-strain relation plots
acguired from the patient and the experimental
model was anatogous, Therefare, this functional load
simulator can Be used in larger study populations to
simulate different load-time relationships.
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