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MEPIAHWH

2ZKOIIOZ: H énuioupyia neipaparikic didraéng ikavijc va
karaypdeer alidmiora Tic aAayéc otnv ackoupevn duvaun and
e\aoropepr] aAuoida, uné oradeprj napaudppwor, o€ npaypa-
TIKG XPOVO Kai e ouveyrj Oedopéva Kai 1) HEAETN TNG Slapopds
TG opadonoinone 1done perali avoikTwyv (ue evdidueco kpiko)
Kkai kAetotdv (ywpis kpiko) aAuoidwy Tou idiou karackeuaorr.
YAIKO KAl ME©OAO?: Karaokeudornke npdrunn pnyavikij
o1araln pe nAekTpovikG pépn kai unodoxn avaprnong Twy eAa-
oTougpwyv UAIkWv. Karaypdenke 1 oupnepipopd Tou ouoTijua-
ToG undé @dprtion, €yive Badupovdunon g ouokeurc pe duva-
uouetpo, Onuioupyridnke kaunuAn oucyériong povadwy
ouokeurg-ypappapiwy kai digpeuviidnke o ouvreAeoTrc uera-
TPONNG Twv povadwy PETPNONG TNG CUCKEUNS OF ypauudpia.
lia v épeuva ypnoiponoiidnke eAactopepric aAuocida
(ORMCQO) pe avoikrij kai kAeiorij poperj, n onoia Siarddnke
50% o€ oxéon pe 10 qpXIKS TG prikog Kai peAeTidnke yia 2
eBoopddeg. Ta anoreAéopara oparonoinong rdong avaAidn-
kav pe m pédodo ANOVA duo peraBAnridv (xpdvos, poper
alvoidag) oe eninedo onpavrikémrac a=0.05.
ATIOTEAEZMATA: Zmv midomikij peXémn Sev naparnpriOnke
d1apopd peralu e duvaung nou anodideral otV apyIKr EKTa-
of) TG avoIKTIG Kal kAgioTic aAuoidag dnwg eniong Sev napa-
mpendnkav diapopég ato pudud peiwons e ddvaung kard
didpkeia e ueAétng. Me Bdon ta Sedopéva nporddnke padn-
LaTIKI] EKpPAcH TNG MEPIYPAPIG TOU PaIvVOpEVoU opatonoinong
¢ 1dong yia 1o npwro 24-wpo dnou n nrwon e Suvaung
eivai kai n peyadrepn.
ZYMITEPAIMATA: H nporeivdpevn didraln napéxer 1 Suva-
TTNTa KaTaypagri¢ ¢ peiwong me duvaune und oradepr
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ABSTRACT

AIM: Development of an experimental setup capable of
reliably recording changes of forces applied by an
elastomeric chain, under constant strain, in real time and
with continuous data recording and the study of differences
in stress relaxation between open (with intermodular link)
and closed (without link) chains of the same manufacturer.
MATERIAL AND METHOD: An original mechanical set-up
was designed comprising electronic parts and a mounting
system for the suspension of elastomeric materials. System
behavior was recorded under loading, the appliance was
calibrated using a dynamometer, a curve correlating
appliance units with grams was created and the conversion
coefficient of appliance measuring units into grams was
investigated. Both open and closed types of elastomeric
chain (ORMCO) were used in this study; the chain was
stretched by 50% of its original length and was studied for 2
weeks. Stress relaxation resulfs were analyzed using the two-
variable (time, chain type] ANOVA method at a level of
significance of a=0.05.

RESULTS: The pilot study did not show any differences in the
force delivered at the initial stretching between the open and
closed chain types. No differences between the two types
were observed concerning force degradation rate during the
course of the study. Based on the data, a mathematical
formula was suggested in order to describe the phenomenon
of stress relaxation during the first 24 hours, when force
decay is maximal.

CONCLUSIONS: The suggested setup enables us to record
force decay of elastomeric materials under constant strain
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napapdppwor pe ouvexrj Sedopéva oe eractopeprj uAikd. Ta
anoreAéopara €deikav Siapopd Twv TIpWY pe avrioToiyeg pedo-
douc nou nporddnkav oro naperddv mdaviic Adyw avénong
opalonoinong ¢ 1dong ASyw XelpIopwyv Kai pn ouvexous
Karaypa@ric Twv OeSopEvwY OTIG TEAEUTAIE.

AEZEIZ KAEIAIA: EAactopepeis aluoides, opaAomoinon
Tdong, epeAkuouds, mowrdtunn pnxavikr didraén

EM. Op8od. Emd. 2003; 6: 13-26
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EIZAINCOIrH

H oupnepipopd Twv eAactopepwy aAucidwy kal Npoc-
Séoewv yevika neprypdgeial and 1o aivépevo mg egio-
ocopdnnong A opaionoinong 1éong nou avagéperal
omv peiwon Mg anodiddpevng duvapng und oradepn
napapdpeuwon. Kard m didpkeia autol 1ou paivopé-
VoU Kal npPoidviog Tou ¥pdvou 1o UAIKS Napoudiddel
neploodiepa 1ou evdg pérpa  ehaotikomiag  (Tager,
1978). Meyahog apiBuds peletwv éxel karadeifer mv
peiwon dlvapng kard m didpkeia o1adepri napapdp-
Qwong oe ehaotopepr] UNikG fon and ) dekaetia 1ou
1970 evw 1010pIKG SU0O aNd TG NPWIEG £PYATIEG OTO
aviikeiyevo  dnpooieldmkav and 1toug  Bishara kai
Andreasen (1970), nou napouciacav kar oerikr ner
paparikr didraén pe epbdnnon 1wy dokipiwv oe vepd
Seppokpaociag odparog (Andreasen kar Bishara
1970; Bishara kar Andreasen, 1970). Apydrepa n
adjonioria mg eéopoiwong 1ou oropankol nepiBaMo-
viog and 1a udatdhoutpa apeioBnmdnke and toug Ash
kar Nikolai (1978). Tevikd n peAém 1ou paivopévou
éxel npayuaiwdel péoa and nAfdog péowv yripavong
onwg &npd aépa 1j uypaoia (Rock kar ouv., 1985),
vepd, Texvid odhio 1 e8opiolya Siahipara [von
Fraunhofer kar ouv., 1992), e peraBAnm Seppokpo-
ofa (Brooks kar Hershey, 1976], kai aufopeiotpevn
Stvapn (Chau kar ouv., 1993), ce 6&vo 1} oudéiepo
pH (Ferriter kai ouv., 1990). H nohunapayovriki aut
npooéyyion éxel Oeiler o1 n Slvapn peldveral Péxpl kal
40% péoa oo npwio 24-wpo (Cheremirinof, 1993;
Young kai Sandrik, 1979), i omn Sidpkeia wv npdiwv
3 wpav (Wong, 1976), i 2 wpdv (Varner kar Buck,
1978), 1j akdpa kal katéd m didpKeia NG NPWING WPAG
(de Genova kai ouv., 1985; Brantley kai ouv., 1979;
Stevenson kai Kusy, 1994).

H peydAn Siakdpavon 1wy Tiwy kail 1ou pudpol opa-
Aonoinong 1édong opeileral ong dlapopég NG olvAe
ongG Twv UAIKGY nou neplAapBavel noAueoTepIkr fj MOAU-
a18epikr nohuoupedavn (Billmeyer, 1984), 1ou 1pdnou
karaokeung kal mdavig NG HoppoAoyiag Kal Tou oxe-
Siaopol Twv KPikwv Kal NG KUKAIKAG Hovadag MG aAu-
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with continvous data recording. Results showed valve
differences compared fo other similar methods, probably
because of stress relaxation increase due fo chain
manipulations and non-continuous data recording used in
those methods.

KEY WORDS: Elastomeric chains, stress relaxation, tension,
original mechanical setup
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INTRODUCTION

Behavior of elastomeric chains and ligatures in
general, is described by the phenomenon of stress
equilibration or relaxation that refers to decay of the
force delivered under constant strain. During  this
phenomenon and with time, the material develops
more than one moduli of elasficity (Tager, 1978).
Many studies have shown force degradation under
constant strain in elastomeric materials as early as the
70’s. Historically, Bishara and Andreasen (1970)
published two of the first studies on this issue and
presenfed a relevant in vitro setup with specimens
submerged in water at body temperature (Andreasen
and Bishara, 1970; Bishara and Andreasen, 1970).
later, Ash and Nikolai [1978) questioned the
reliability of oral environment simulation using water
baths. Overall, this phenomenon has been studied
using multiple aging media such as dry air or moisture
(Rock at al., 1985), water, artificial saliva or fluoride
solutions [von Fraunhofer et al., 1992), using different
temperature levels (Brooks and Hershey, 1976), and
fluctuating force (Chau ef al., 1993), in acidic or
neutral pH (Ferriter et al., 1990). This mulifactorial
approach has shown that the force drops to 40%
within the first 24 hours (Cheremirinof, 1993; Young
and Sandrik, 1979) or during the first 3 hours (Wong,
1976) or 2 hours (Varner and Buck, 1978) or even
during the first hour (de Genova et al., 1985;
Brantley et al., 1979; Stevenson and Kusy, 1994).
Wide fluctuations of values and stress relaxation rates
are due to differences of: material composition
including polyesteric or polyetheric polyurethane
(Billmeyer, 1984), method of manufacturing and,
probably, differences in the morphology and design
of the spacing and the chain rings, as well as
methodology of testing (Brantley et al., 1979). The
latter includes the aging medium, and the method of
loading and stress fluctuation recording.

In order to study this phenomenon, research followed
one of three directions: the first one aftempted to
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oidag kar g pedodoroyiag dokipaoias (Brantley kar
ouv., 1979). H reheutaia nepihapBavel 1o péco yripav-
ong kai m pédodo edptong kal karaypadrig MG Ola-
kOpavong mg 1aong.

la m ps)\sm 10U paIvOpévou 1 €peuva akohoUdnoe TG
napakdiw kareuBUvoEeIG: N NP Karreive oTo va avar
Seier mv amoloyia autrig MG Nwong 16ong péow MG
enidpaong mg olvdeong, énwg n evowpdiwon npo-
o8éwv yia Tov ypwpanopd NG aiucidag (Baty kal
ouv., 1994) kai n aneheu8épwon edopiou, omv and
Soon qopriou. H delreprn evidnice 1o evdiapépov ot
pedéSoug nepiopiopol autig g avem8iunmg eAdmw-
ong énwg n npokiaon (Josell kar ocuv., 1997). Téhog
n e nepihapBaver mv npowdnon véwv BeAtwpévwv
poppwv UAik@V (Lam kai ouv., 2002). H onuacia mg
peiwong 1éong omv diadikacia op8odoviikAG Heraki
vnong éykerrar omv mdavr peydAn niwon mg divapng
nou aokeitar katd 1o npwio 24-wpo Kkal omy enidpaocn
g omv Bioloyikr diepyacia mg perakivong pe dedor
pévo Ot n BéATiom petakivorn eniuyyaverar e CUVEXES
SUVAEIG.

2kondg Mg epyaciag Arav n Onuioupyia pedddou
HEAEMG TG peiwong G Slvapng Twv eEAJCTOPEPWY aAU-
oidwv kal n epappoyr MAOTIKAG PEAENG pe okond v
efakpiBwon Mg dilagpopds oparonoinong 1éong pera-
&0 avoikiwv [de evdidpeco kpiko) kal kAsoTv (xwpig
kpfko) aAucidwy.

YANAIKA KAl MESOAOX

la mv mIAoTIKY HeAétn eneAéynoav avoikiég (e evoid-
pHeco Kleo) Kal KAEIOTEG (xwpiG evdidueco kpiko) ehar
oropepeiG  aiuoideg  [(Generation 1l,  ORMCO,
Clendora, CA, USA|. Aéka Sokipia GAUoIdwy and
k&8 opdda naprixdnoav pe anokonr aAucidwv pe 6
Kpikoug n k&8e pia pe m xprion kaivolpyiou k@I Kal
anopuyn xelpiopwy f didtaong kard My Napackeun
Toug. H emidoyr] tou api8uol twv povddwy MG aAuci-
dag av Tou o1a8epol prikoug yia T Onpioupyia Ooki-
piwv  éyive pe  Bdaon M dlaopeTikr  oxéon
povdéoq/pijouq yia k&8e opdda ahucidwv. To apyr-
k& prikog k&8e Sokipiou petpridnke pe YNPIaKS perory
M (Mitutoyo, Tokyo Japan) e Bdon 1o prikog nou
ne:pm)\aorov ané 10 eowiePIKS Twv akpaiwy povédwy,
omv apxiki popr kai perd and ékiaocn 50%.

Karaokeudomke popnm cuckeur] eAéyxou yia m pérpn:
on mg Slvapng nou aockel diateivépevn eAactopepi
aAucida katd m 5lde£|o ng éktaorg g oe npoypo
kS YPOVo Kal pe ouvsxr] OUMOoYN Bséopevwv (Eik. T).
Ta Baoiké Oroixefa QUG MG CUOKEUAG efval pia kepa:
Nj pérpnong eopriou (load cell) kKhipakag 2 yAy (RS
components 632-/36) cuvdedepévn pe éva nAekipo-
pnkuvoidperpo kai évav evioxutr (RS components 846-
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demonstrate  the etiology of stress decrease
investigating the effect of chain composition on the
delivered load, such as incorporation of additives for
chain coloring (Baty et al., 1994) and fluoride
release. The second focused on methods of reducing
this undesirable stress decrease, such as pre-strefching
(osell et al., 1997). Finally, the third direction involves
the promotion of new improved material forms (Lam ef
al., 2002). The importance of stress decrease in
orthodontic movement lies in the potentially high
degradation of the force applied during the first 24
hours and its effect on the biology of tooth movement,
given the fact that optimum movement is achieved
with confinuous light forces.

The aim of this study was to develop a method fo
study force degradation of elastomeric chains and to
apply a pilot study investigating differences in stress
relaxation between open (with spacing) and closed
(without spacing] chains.

MATERIAL AND METHOD

Open (with spacing) and closed (without spacing)
elastomeric  chains  (Generation I, ORMCO,
Clendora, CA, USA) were selected for the pilot study.
Ten chain specimens from each group were creafed
by cutting &Ting chains using a new cutter and
avoiding any manipulations or strefching during the
procedure. For the creafion of specimens, the
selection of the number of chain unifs instfead of a
standard length was based on the different
unit/length ratio for each chain group. Based on the
chain length included between end units, initial
specimen length was measured twice with a digital
gauge (Mitutoyo, Tokyo, Japan), both at the original
chain form and ofter 50% chain stretching.

A portable confrol appliance was manufactured fo
measure the force applied by an elastomeric chain
during its strefching in real time and with continuous
data recording (Fig. 1). The basic components of this
appliance are a 2+kgr load cell (RS components 846-
736) connected to an electronic length gauge and an
amplifier (RS components 846-171), a power supply
and a mechanical vice (Fig. 2). During chain
stretching to the desired length through opening of the
vice, a voltage difference is observed. This is
amplified and is detected by the electronic length
gauge. The appliance was connected fo a signal
processing  unit  (E307-3  RPR  Electronics,
Wolverhampton, UK), which in turn was connected,
through a 16-channel analog-digital converter, to a
computer with data input software (Picolog,
technology systems, UK]. Force recording during the
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Ei. 1. H neipapatikr 81dta&n nou KataokeUdoTnKe yia Tr PEAETN TNG opaAomnoinong Taong Twy eAacTOUEPWV.

Fig. 1. Experimental set-up designed for the study of elastomer stress relaxation.

Eik. 2. Anoyn tou AsitoupyikoU PEPOUS TNG CUOKEUNG (Ouv-
érktopa)

Fig. 2. Functional part of the appliance.
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experimental study was performed in real fime,
without inferventions by the operator and in
continuous recording mode at 1-minute intervals. Due
to the fact that the recording method includes negative
mV units, data had to be converted so as to make
sense. Thus, all values were multiplied times —1.
Correlation of force units (g] to mV units was
performed with sfretching of chain samples of
increasing lengths  (50-250%) in order to have
different loads. These loads were measured with
dynamometers and a calibration curve was drawn
(r>0.999); the conversion coefficient of voltage unifs
(mV) fo force units (g) was found from the slope of this
curve (Fig. 3). Data analysis and graphs were
performed using the appropriate software (FigP 2.98,
Software Corp., UK.

Descriptive sfafistical parameters were determined for
each material /time-dependent force value and results
were analyzed with the two-variable ANOVA
method, where chain type (open or closed) and time
variables (reference level, 1 hour, 12 hours, 24 hours,

HELLENIC ORTHODONTIC REVIEW 2003 ® VOLUME 6
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/1), pia yewripia kar évag pnxavoupyikodg ouvor-
KTopoq (péyyevn) (Eik. 2). Kata m 5|op|<£|o NG éK1aong
mG aAucidag oro smSupmo HIKOG pe Avolypa Tou ouv-
drikropa, napampeital diagopd duvapikoy, n onoia
peyediverar otov evioyut kai yiverar aviAnni] and 1o
NAekTpopnKkuvoISpeTpo NG cuckeunis. H cuckeury cuv-
Sé8nke pe pia povada enegpyaciag onudmwy (E307/-3
RPR Electronics, Wolverhampton, UK| kai aur, péow
evdg avaroyoryneiakol peratponéa 16 kavaAiwy, e
nAektpovikd unohoyiom, eonAicpévo e npdypaupa
unodoyig Sedopévwv (Picolog, Technology systems,
UK]. H kataypaer] mg ddvaung kad'dAn m didipkeia
NG NelpapankrG HeAémg éyive oe npaypankd xpovo,
YwpiG napepBacelg  and Tov ¥elpIom kal Oe Ouvexn
pop@n, pe pecodiacmpara 1 Aemol. Eneidr n pédo-
dog karaypapig nepihauBavel povadeg mV e apvn-
k6 npdonuo, 1a Oedopéva Enpene va PEATPANOUY,
Wote va anokmoouv euolkl onpacia. Autd enitelydn-
ke pe noManiaciaopd Twv Tipdv e —1. H ouoyénon
NG povadag duvapng [g) pe povadeg mV, npayparo-
noidnke pe éxiaon Sefyparog alucidag oe auéavope-
va prikn (50-250%), wote va napaxSolv didpopa
goprtia. Autd 1a gopria perpidnkav pe Suvapdperpo
kal  karaokeudotnke  kapnUAn  BaBpovdunong
(calibration curve) (>0.999) énou and mv khion
aveupédn o ouvieheotig  perarponi Twv  pHovadwv
16gong (mV) oe povadeg duvapng (g) (Eik. 3). H ene
Eepyaoia twv Sedopévwy kal 1 yPAPIKA TouG avana-
pdoraon éyive pe oxenkd Aoyiopikd  (FigP 2.98,
Software Corp., UK]

Ma k&8 UNIKO/ ypovoeapidpevn Tipr divapng, kado-
piomkav NepIyPAPIKEG OTaTOTIKEG NAPAUETOO! KAl Ta
anoreAéopara avaAidnkav pe péSodo ANOVA Sto
peraBAnTdy dnou o 10nog [(avolkidg i kAeiotdg) kai o
peraBAnéG Tou xpdvou (eninedo avagpopds, 1 wpa,
12 dpeg, 24 dpeg, 1 eBdopdda, 2 eBOopddeg) Aer-
Tolpynoav wg avelapmeg perabAniég. Or nepariépw
Siapopég perall twv opddwv Siepeuvidnkav e test
Tukey noManAdv ocuykpicewv kar eninedo onuavikom:

1ac a=0.05.

ATTOTEAEZMATA

O Tlivakag 1 napoucidler g mpég SOVAUNG avapo
PAG apéows perd v ékiaor Twv aAuciowv. Or avoIkiég
(pakpUtepeg) aAuoideg Sev napoucidlouy SIaPopEg ot
oxéon e TG kAelorg (koviltepeg). O TMivakag 2 Sei-
xvel Ta enineda dlvapng pia wpa perd my ékracr 1oug,
o Nivakag 3 m ddvaun 12 dpeg petd mv didraor kai
o [Mivakag 4, 24 dpeg perd my ékaon. 2ov [livaka
5 napoucidlovial 1a anoreAéopara 1ou Neipapatog yia
mv anwieia dOvaung 1 eBdopdda perd mv apyiki
éktaon evw orov [livaka 6 gaivovial 1a enineda dlva-
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1 week, 2 weeks| were the independent variables.
Further differences between groups were investigated
with the Tukey multiple comparison test at a level of
significance of a=0.05.

RESULTS

Table 1 shows reference force values immediately
after chain stretching. The open (longer) chains
showed no differences compared to the closed
(shorter] ones. Table 2 shows force levels one hour
after chain strefching, Table 3 shows the force 12
hours later and Table 4, 24 hours following stretching.
Table 5 presents experimental results concerning force
decay 1 week affer initial stretching and Table 6
shows force levels 2 weeks later. Due to the minimal
changes that followed chain strefching during the 2-
week period and because the force decay model
remained the same, further continuation of the
experiment was not considered necessary.
Due fo the fact that force decay during the first hours
is non-linear, nearly exponential, many researchers
were interested in calculating this force loss at the
specific section of the graph (Brantley et al., 1979).
The timeforce curve during a 24-hour period shows
an initial exponential gradient followed by a less
steep gradient. It was found that the force during the
24-hour period (F24) follows a pattern described by the
equation
Fou=Fo (1-e)dt

Where:
Fo: force released immediately affer stretching
c: the slope of the non-straight section of the curve
(corresponding fo the initial steep force decay)

- curve slope corresponding fo late force decay
during the 24-hour time period, and
f. fime.

According fo the equation, =0 corresponds fo Fo,
which is compatible with natural phenomena. Force
values found during 24-hour periods were recorded
and graphically represented. Value ¢ (non-inear initial
slope) was calculated from respective equations
describing each curve. Statistical analysis of results
concerning curve sloping is shown in Table 7. Force
decay rate corresponding to the late curve gradient
(d), as shown in Table 8, seems fo follow a pattern
similar fo that of steep relaxation (¢} described in Table
7. However, in this case the gradient is by far less
than that of the nondinear curve in Table 7, revealing
a decreased tendency of the force decay rate
compared to initial force decay.

Figure 4 provides comparative forcedime curves for

HELLENIC ORTHODONTIC REVIEW 2003 ® VOLUME 6
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Calibration of Force against PL units
350
300
) il
e 250
S
2 200
3
UB_ 1599 calibration coefficient: 0.115
100 — r>0.999
50
O I I I I 1
0 500 1000 1500 2000 2500
PL units

Eik. 3. Aidypappa 8abuovounong (calibration) tng ovokeurig.

Fig. 3. Appliance calibration diagram.

NG 2 eBOopddeg perd my éxtaor). Adyw Twv eAayiotwy
aMaywv nou akoroldnoav v ékiaon Twv aAucidwv
om didpkeia Twv 2 eBdopddwy kal Adyw g diatipn-
ong 1ou idlou poviEAou orlw)\sloq Slvapng, Oe Sewpr-
Snke anapaliinn n NepaItépw CuvéyIon Tou NePAUarTog.
Eneid n nwon Slvaung twv npwiwv wpwv eivarl pn
ypapuikd, oxeddv ekderikr, o unoloyiopds autg mG
ANWAEIAG OTO CUYKEKPIKEVO TUAPA G YPaPIKAG napd-
o1aonG €xel NPOCEAKUCE! TO eVOIAPEPOV MOMWY EpEU-
vnév (Brantley kar ouv., 1979). H kapniAn mg dova-
ungG oe ouvdprr]or] pe 10 xpdvo oe didompa 24 wpwv
EXE' pia apyikr ek3etikr kAion kal 5surspsuovrwq pia
botepn kar  Aiydrepo ofgia K)\|on H avelpeon ms
Slvapng katd 1o didompa 24 wpwv (F24) Bpédnke on
akohoudei éva npdruno nou neprypdeeial and my -
owon

Fas=Fo- (]'efd)'df
énou:
Fo: n Sbvapun nou aneheudepdveral apéowg perd my
xraon
c: n KkAion tou pn eudéog Turfpatog MG kapniAng (nou
avriorolyel omv apyiki ofgia niwon mg ddvaung),
d: n kAion mg kapniAng nou aviictoiyel omy Uotepn
anwAeia dlvapng nou napoucidleral om SIGPKeIa Twv
24 wpyv kai
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the first 24 hours for Ormco chain specimens of
closed and open types, whereas Fig. 5 shows the
curves following analysis presenting 2 sections of the
curve.

DISCUSSION

An important observation is the fact that the greatest
part of force decay was expressed within the first 3
hours (<200 minutes) as shown in figure 5, where
nondinear sections have been removed from the main
part of the curve. Generally, force decay of
elastomeric chains follows a patfern characterized by
2 parts: an abrupt initial decay (in 1-12 hours
followed by a curve of less steep gradient.
Researchers are mostly inferested in the first section
due to the increased tendency for force decay. It was
found that chain prestretching decreases the slope of
acute force decay, thus avoiding high values and
lowering the peak of force levels (Brantley et al.,
1979). So, the force applied on teeth during the first
24 hours following chain sfrefching is not affected by
this process.

Despite the volume of data resulting from different

1 8 HELLENIC ORTHODONTIC REVIEW 2003 ® VOLUME 6
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Mivakag 1. Abvaun avagpopdg (t=0) katd tnv éktaon Twv
eAaotouepwv aAuoidwy.

Table 1. Initial force (t=0) during elastomeric chain
stretching.

T ELADES et ol Study of stress relaxation of orthodontic elastomers

Mivakag 4. Advaun 24 wpeg petd tnv éktaon twv eAacto-
pEPWV aAuaidwy.

Table 4. Force value 24 hours after elastomeric chain
stretching.

Closed/Open  AYNAMH TUKEY Closed/Open  AYNAMH TUKEY
Kheiorj/Avoikry  FORCE (g) GROUPING* Kheior/Avoikry  FORCE (g) GROUPING*
X S.D. X S.D.

C/K 237.2 19.1 A C/K 224.2 15.2 A
O/A 211.1 14.1 A O/A 200.2 18.7 A

* Méoeg tipég pe idia ypdppata dev ival otatiotikd SIaQOPETIKEG O
eninedo onuavtkétnrag a=0.05.

* Mean values with similar letters are not statistically different at level of
significance a=0.05.

Mivakag 2. Advaun 1 Wpa petd tnv éktaon twv eAactope-
PWV aiuoibwv.
Table 2. Force value 1 hour after elastomeric chain stretching.

* Méoeg Tipég pe iSia ypdppata dev eival otatiotikd SIapopPETIKEG O
eninedo onpavtkétntag a=0.05.

* Mean values with similar letters are not statistically different at level of
significance a=0.05.

Mivakag 5. Abvaun 1 e86oudda petd tnv €ktaon twv Aa-
OTOUEPWY aAUOISwV.

Table 5. Force value 1 week after elastomeric chain
stretching.

Closed/Open AYNAMH TUKEY Closed/Open AYNAMH TUKEY
Kheiorj/Avoikmy  FORCE (g) GROUPING* Kheiom/Avoikmy  FORCE (g) GROUPING*
X S.D. X S.D.

C/K 235.3 17.2 A C/K 212.2 16.5 A
O/A 208.3 19.7 A O/A 208.4 16.3 A

* Méoeg Tipég pe idia ypdppata dev ivar otatiotika SIaQOPETIKEG O
eninedo onpavtkétntag a=0.05.

* Mean values with similar letters are not statistically different at level of
significance a=0.05.

Mivakag 3. Advaun 12 wpeg petd v éktaon twv eAacto-
pePWY aAuoidwv.

Table 3. Force value 12 hours after elastomeric chain
stretching.

* Méoeg Tipég pe idia ypdppata dev eival otatiotikd SIapopeTIKEG O
eninedo onpavukétntag a=0.05.

* Mean values with similar letters are not statistically different at level of
significance a=0.05.

Mivakag 6. Abvaun 2 eB6opddeg petd tnv éktaon twv Aa-
OTOHEPWY aAUOTSwV.

Table 6. Force value 2 weeks after elastomeric chain
stretching.

Closed/Open AYNAMH TUKEY Closed/Open AYNAMH TUKEY
Kheiorj/Avoikry ~ FORCE (g) GROUPING* Kheior/Avoikry  FORCE (g) GROUPING*
X S.D. X S.D.

C/K 226.3 16.5 A C/K 210.2 16.5 A
O/A 202.2 19.7 A O/A 194.2 19.7 A

* Méoeg tipég pe idia ypdppata Sev eivar otatiotikd SIAQOPETIKEG OE
eninedo onpavtikdtntag a=0.05.

* Mean values with similar letters are not statistically different at level of
significance a=0.05.

EAAHNIKH OPOOAONTIKH EMIOEQPHZH 2003 ¢ TOMOZ 6
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* Méoeg tipég pe iSia ypdupata Sev eival otatiotikd SIaQopeTIKEG O
eninedo onpavtikétntag a=0.05.

* Mean values with similar letters are not statistically different at level of
significance a=0.05.

HELLENIC ORTHODONTIC REVIEW 2003 ® VOLUME 6
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Mivakag 7. Apxikn, Un ypauuiki kAion te kaunAng ntwong
SVvapng twv edactopepv aAuoidwv katd to npwto 24-wpo.
Table 7. Initial non-linear slope of force decay curve of
elastomeric chains during the first 24 hours.

T ELADES et ol Study of stress relaxation of orthodontic elastomers

Mivakag 8. "Yotepn kAion tng kaunving ntwong Svvaung
Twv gAaoTopEPWY aAuoidwy Katd 1o npwto 24-wpo.

Table 8. Late slope of force decay curve of elastomeric chains
during the first 24 hours.

Closed/Open KAIXH R2 TUKEY Closed/Open KAIXH TUKEY
Kheiomi/Avoikri  SLOPE (d) GROUPING* Kheiorj/Avoikry  SLOPE (d) GROUPING*
X S.D. X S.D.

C/K 0.020 0.01 0.969 A C/K 0.0044 0.002 A
O/A 0.019 0.01 0974 A O/A 0.0043 0.002 A

* Méoeg tipég pe idia ypdppata Sev eivar oTatiotikd SIAQYOPETIKEG OE
eninedo onpavtikétntag a=0.05

* Mean values with similar letters are not statistically different at level of
significance a=0.05.

t. xpdvog

Bdoer mg eowong, oe t=0 avnoroixei dlvapn Fo,
npdypa nou eival oe oupPwvia Pe 1 PUOIKE PaIVOE:
va. O npéq Slvaung nou aveupiokovial oe OIOTAHA-
1a 24 wpdyv Kmeypocpnoov kal avanapaoctadnkav
ypocpn«] kal and TG aviiorolyeg eflowoelg nou nepr-
ypocpouv v k&8 Kapnin UI'IO/\O\{IOTr]KE n g ¢ (un
ypappiki apxiki kAion). H oramorikr O\/O)\UOQ Twv ano-
TeAeopaTwy yia My kAion g kapniAng gaiveral orov
Mivaka 7. O pududg anwAeiag dlvapng nou aviioior
el omv Gotepn kAion (d) nou gaiverar oov Mivaka 8
poialel va akohou8el 10 id10 npduno pe ekeivo NG
ofeiag ydhaong (c] nou nepiypdeerar orov [MNivaka 7.
Qoardoo, omy nepintwon aum n kAion eivar unonoAa-
nAdoia pikpdtepn and auti MG pn YPAUPIKAG Kaund-
Ang tou [livaka /, pavepwvoviag pelwpévn 1éorn otov
pUBPS anwieiag dlvapng oe olyKEIon Pe TV ApPXIKT
anwAeia.

H eixéva 4 napéxel ouykpImkéG kapnieg Slvapng
xpovou via Tig npwieg 24 dpeg, yia dokipia aAucidwy
Ormco kAeiotol kar avoikiol 1inou evey n Eik. 5 napr
o1d TG kapniAeg perd and enefgpyacia dnou diakpi-
vovial 2 TuApara mg KapniAng.

2YZHTHXZH

Mia onpaviiki napampnon eivar o1 1o peyaAirepo
PEPOG TG anwAeiag SUvaung epaviomke péoa ong
npwieg 3 wpeg (<200 Aemtd) dnwg paiverar omv eikd
va 5, énou 1a Pn ypappikd muipara g kapndAng ano-
ondomkav texvnid and 1o kKUPIO PEPOG G. 2€ YEVIKEG
YPAUEEG, N anwAeia SUvapng Twv eAACTOPEPWY AAUOCH
Swv nopoumd(& éva npduno nou XopOKTr]praIm and
2 1prjpara: pia andropn apykrj nioon (oe 1-12 wpeg)
nou akohoudeftal and pia kapniAn peiwpévng khiong.
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* Méoeg Tipég pe iSia ypdppata Sev eival otatiotikd SIaQOPETIKEG O
eninedo onpavtikdtntag a=0.05

* Mean values with similar letters are not statistically different at level of
significance a=0.05.

research studies of the last 3 decades concerning
decay of the force released by elastomeric chains, no
valid and reliable method for the study of this
parameter has yet been proposed. literature, in effect,
reports three methods for the study of elastomeric
chain force relaxation. The first concerns elastomer
stretching with ligation of terminal rings on supports
placed on a frame (Ferriter et al., 1990; de Genova
et al., 1985). Selection of chain length is made so
that the chain is extended by 50-60% of its initial
length. In some studies, the distance between supports
decreases at a rate of 0.5 mm per week (de Genova
et al., 1985). Periodically, one chain end is
disconnected from ifs support and the force necessary
for stretching the chain to the previous length is
recorded with a dynamometer. Although this method
allows for the study of force fluctuations in a controlled
envionment and is facilitated by submerging the
whole system in various media, such as artificial
saliva (von Fraunhofer et al., 1992), it has two basic
drawbacks. The first one concerns the lack of
continuous data collection due to periodical recording
of force levels. Measurements are usually performed
at the first, sixth and twelfth hour following stretching
and are followed by weekly measurements during the
course of the study, which usually lasts 2-3 weeks (Ash
and Nikolai, 1978). Consequently, the drawing of
the force relaxation curve for most of the study period
is based on approximation.

Even more important is the fact that the method
involves the use of sfress induced by in vitro chain
manipulation. During each recording the elastomer
must be released from the support, resstreiched by
50% of its initial length using a dynomometer and,
finally, it must be siretched once again to be
repositioned onfo the support. It is expected that
elastomeric behavior is significantly affected because

HELLENIC ORTHODONTIC REVIEW 2003 ® VOLUME 6
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Eik. 4. Aidypappa SUvapn-xpovou eAactopepwv aAuoidwy Katd To npwto 24-wpo 6nouv @aivetal n napovoia 6Vo kAioswv: piag
N YPAUUIKAG apXIKriG 6rou n ntworn eivar ekOeTIK kai piag pikpdtepng kAiong (kar puBuol ntwaong).

Fig. 4. Force-time diagram of elastomeric chains during the first 24 hours showing the presence of two sections: an initial non-
linear, where decay is exponential and a less steep one (and decay rate).

To evdiagépov Twv epeuvniwv éxel oTpagel o1o apyIkd
A, Adyw S payd)\qq 16oNnG yia anwAeia dlvapng.
H npoepyoom e ékraon (prestrefching) Twv ahuoidwy
Boédnke o pslwva mv khion mng ofgiag nwong mg
Slvapng, anopakpivoviag TG UYNAEG TG Kal Xapn:
Awvoviag pe Tov 104no autd My KopuPr| Twv eninédwy
Stvapne (Brantley kar ouv., 1979). “Erol, kar'avéykn
n Slvapn nou Séyovial 1a Oévia TG npwieg 24 wpeg
pETG MV €ktaon Twv aAucidwv dev ennpedleral and aum
v npogpyacia.

MNapd mv apdovia dedopévwv ovocpoled pe MV anw
Aela S one)\eu&poupsvnq éuvopnq and 1g ehacto-
pepelc aAuoideg nou npoékuye and TG SIAPOPES EPEU-
vnnqu npoona@slsq Twv teAeutaiwy 3 Oekaeny, Sev
éxel npotadel OKopo pia eyKupr] kar a&iéniom ps@oéoq
yia m peEAéM autrig NG napapérpou. H oyerikr BiBAio-
ypapia Baoikd napadérel 1oeig uedddoug HeAéNG NG
opo)\orlow]or]q 5uvopn§ Twv eAacTopepwy aAucidwy. H
npEwm nspl)\opf)ova ékaorn 1ou s)\OOTopspouq pe npdo-
Seon Twv TEPUATIKAV Kpikwy ot ompfypara tonoSempé-
va ndvw ot éva nhaioio (Ferriter kal ouv., 1990; de
Genova kar ouv., 1985). H enhoyr 1ou prikoug mg
aAucidag yiverar wote n ahuocida va exteiverar katd 50-
60% népav 1ou apyIkol HAKOUG. 2& KANOIEG EPEUVEG I
andotaon avapeca o1a ompiypata peldveral he puSpo
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repeated stresses lead fo chain fatigue. Altfernatively,
multiple specimens may be used and each chain may
be tested only once for each time period, in order to
avoid material fatigue effects. Although this method
uses low stress levels during testing, the use of multiple
specimens for the construction of only one curve
complicates the process of dafa analysis.
Furthermore, reliability of tooth movement simulation is
low since tooth movement cannot be approximated af
a steady rate of 0.5 mm/week. The classic studies of
Reitan showed that the rafe of tooth movement is
individualized, it generally reaches its peak within 35-
40 days and, clearly, is not directly timerelated
(Graber and Swain, 1975).

The other two methods use mechanical control
appliances fo study force relaxation in different ways.
It has been claimed that engagement of each terminal
chain ring on the fixed basis and appliance hook
followed by successive loading and unloading cycles
could be used for relaxation measurement. In- this
case, the force necessary for initial stretching is
recorded after one or more cycles and is compared
to the original force (Huget et al., 1990).

Von Fraunhofer et al. [1992) used a model including
engagement of the elastic chain on the fixed basis

HELLENIC ORTHODONTIC REVIEW 2003 ® VOLUME 6
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Eik. 5. Ene€epyaopévn anoyn tng Eik. 4 pe diaxwpiopd twy Vo Tunudtwv tng kaunuing. @aivetar 6t n ekOeTIkA NTwon Aay-

Bdver xwpa ridén and to npwto 3-wpo tn¢ Sidtacng.

Fig. 5. Modified view of Fig. 4 with separation of the two parts of the curve. It seems that exponential decay occurs as early as the

first 3 hours of onset of extension.

0.5 yIA. avd eBopdda (de Genova kar ouv., 1985).
[Nepiodikd, 10 éva Grkpo MG alucidag anocuvoteral
and 1o orjplypa kai n anarrolpevn SUVapN yia va exrei-
vel v ahucida oto npornyolpevo PAKOG-EKIaonG Kara-
ypaperal pe m Bordeia duvapopérpou. Av kai n pédo-
oG aut enimpénel M peAEM Twv SIOKUPAVOEWY TG
Slvapng oe eleyxdpevo nepiBAMov, nou OleukoAdve:
1al pe mv epbiddion 1ou dhou ouotiuarog ce didpopa
péoa énwg texvid odhio [von Fraunhofer kar ouv.,
1992), éxer dlo Baoikég aduvapieg. H npwm éxe
oxéon pe v EMelpn ouvexwv Oedopévwy, Adyw NG
neplodIkiG kataypapr twv ennédwv Ouvaung. O
petpricelg yivovial ouvrii8wg mv npwn, éxin, dwdékam
wpa petd myv ékiaor kal akohou8olvial and eBdopa-
Siafeg perpriceig kad'dAn ) didpkeia MG PeAEMG, nou
ouwviduwg Siapkel 2-3 eBdopddes (Ash kar Nikolai,
1978). Katé ouvéneia n karaokeur] g kapniAng opa-
hornoinong g Olvapng yia m peyaAlrepn nepiodo
peAémG Baoileral oe npooeyyiceig.

Akdpa peyo)\fﬂquq oqpoofoq eivar 10 yeyovodg o n
péSodog evéxer m xprion 1éong npokalolpevng and
£QYAOMPIOKS XEIPIONO TV ahuoidwv. Katd m didpkeia
k&8 katayparig 1o eAacTopePEG Npénel va aneleude-
pwdei and 1o ompiypa, va enavekiadel and duvaud
perpo oto 50% tou apyikol prikoug,kote va perpndel n
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and appliance hook, specimen strefching and
unloading for 30 minutes. The force necessary for
maintaining chain stretching is recorded and
compared fo that before loading.

It should be noted that although these methods use
more advanced technological equipment in relation to
recordings made by hand with the dynamometer, the
former present serious drawbacks. More specifically,
the use of loading-unloading cycles is probably, by
definition, irrelevant both to the relaxation test and the
corresponding  clinical  situation.  Furthermore,
unloading of materials for such short periods [as 30
minufes) which represent only a fraction of their
confinuous infra-oral  function and  consequent re-
loading are inappropriate and cannot reliably control
material performance.

Overmanipulation of elastomeric chains is probably
responsible for high rafes of force decay in related
studies, based on which a chain may lose up to 50%
of its original force performance within the first hour.
However, as early as 1970, Bishara and Andreasen
recorded that decay of the force delivered by then
modern lafex elastics came to 25%.

Already in the first publications dealing with this issue,
clinicians had difficulties explaining the paradox of

HELLENIC ORTHODONTIC REVIEW 2003 ® VOLUME 6
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Slvaypn nou Oéxeral 1o SUVaPSPETPO, Kal TENIKA va eKTar
Sei Eava yia va snovorono@sm@al o10  oMpIyHa.
Er|8|5r] ol enovvopBovopsvsq 1G0EIG quloup\(ouv
Qaivépeva  kénwong G aluoidag, avapéverar n
OUPNEPIPOPA TOU EAAOTOPEPOUG VO eNnEEacTel onpa-
viikd. EvaMakrikd, eivar duvardv va ypnoiponoin8oiv
noManhé BOKiplo pe mv k&d8e aAuoida va BOKlpdCerm
povo pia gopd yia k&8 xpovikr nepiodo, wote va
anogeuxdolv ol enNtioceIg G KMWONG. Av kai n
pédodog aut| ypnoiponolel pikpég Tdoelg katd TG
dokipacies, n xprion noAManAwy dokipiwy yia my Kara-
okeur] piag pévo kapniAng nepinkéker m diadikacia
avdhuong 1wy Sedopévawy.

EninAéov n 0§|or||ono me anopinong mg oBovnan
perakiviong eivar pikprj, agod n odoVIIKl Herakivnon
Sev pnopel va npooceyyiotei pe otadepd pudud 0.5
xIN/eBS. O1 khaooikég peléieg Tou Reitan édeilav o
o pududs odovikig perakivnong eival noAd eéatopr-
KEUPEVOG, OE YEVIKEG YPOUMEG PTdvel OTo péyioTo péoa
oe 3540 nuépeg kal capug Oev ouvoéeal eudéwg e
10 xpdvo (Graber kar Swain, 1975).

O d)\)\sq Sto pédodol xpnoiponololy CUCKEUEG HNYa-
VIKoU eAéyyou yia va ps)\smoouv v opaionoinon mg
5uvopqq pe didpopoug 1PdNouG. Exa unootpiyOel
o1 n npdodeon 1ou k&de Tepparnkol kpikou MG aluoi-
dag om oadepr| Bdon kal 10 GyKIoTPO ToU Pnyavipa-
10G eAéyyou,nou akolouBeital and mv évapén diado-
XIKQOV KUKAWY QopTIoNnG Kal orlocpépnor]q, 8a pnopol-
oe va quomonom@a yia m péipnon me opo)\onom
ong. Ze aut MV nepimuwon n avaykaia, yia va enigé
pel MV apyikr ékiaor), dlvapn karaypdeeral perd and
évav 1} neploodrepoug KUKAOUG kal ouykpiveral e v
apxiki (Huget kai ouv., 1990).

Or von Fraunhofer kar ouv. (1992) ypnoiponoincav
pédodo nou nepieAduBave npooéeor] mng e)\oonmq
o)\uo@oq ot oradepr} Baon kar dykioTpo Tou pnxaviy
patog, ékiaor Tou Sokipiou Kal ovomo)\r] aumg (ano-
q>opnor]) yia 30 Aentd. H ononoupsvr] éuvopr] yia dia-
menon Mg NPoNyolpevng ékiaong karaypdeeral kai
OUYKpPIVETal e autiv NP1V T opTIoN.

MNpénel va onpeiwdei én evey o1 péSodol autég xpnor
ponololv neplcodTepo MEONYHEVO Texvoloyikd eéo-
nAlopd, oe olyKPIoN e TIG KATaYPAPES XelpdG Bdoe
Suvapopérpou, nopouom(ouv ooBopeq atéeleg.
ZUYKaKplpevo N xprion «ikAwv: gdprong-anoedprr-
ong eival mavig &€ opiopol doyem 1600 WG NPOG
n dokipacia opaionoinong 6oo kal wg NPOG 10 KA
viké avéhoyo. EnmnpdoBera, n anoedprion twv UA-
KWV yia 1600 kPG nepiddoug, onwg eivar 1a 30
Aemi@, nou avrinpoownelouv éva kAGopa pévo Mg
ouvexoUG evOOOTOPATIKAG TOUG Aeltoupyiag, kal n
akdhoudn enavaeodprion eival akatdAnAeg kal dev
pnopolv va napdoyouv ouciacTikd éAeyxo G and-
doong 1ou UAIKoU.
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footh movement using systems that present 50-70%
force decay within the first day and, especially, within
the first hours. Literature supports the view that effective
movement of a footh, such as a canine in the place of
an extracted premolar, needs a 200-250 gr force. If
we adopt the values that the aforementioned studies
report about force decay with time, it is expected that
immediately after placement of an orthodontic
biomechanical system the levels of the released force
will drop to 140-150 gr. Thus, the question arises
whether it was the force necessary for tooth movement
or the force decay rate that was overestimated.
This study concluded on lower rates of force decay for
all specimens, irrelevant of type, compared to the
values reported by the majority of previous studies.
Thus, a relaxation of 10-15% was found as opposed
fo the values of 40-50% reported by studies using non-
confinuous dafa recordings. This difference is due to
two basic factors:
a) Differences in study design including fewer chain
manipulations, that limit material fatigue during
festing, and continuous data recording in real time
and
b) Relatively small, but clinically more conservative
specimen strefching by 50% of their natural length as
opposed to 100% more strefching used in previous
studies. Generally speaking, wider stretching s
correlated with higher force decay, especially when
in vitro manipulations (such as the ones of previous
studies) are used. On the other hand, in clinical
situations such as the case of closure of small anterior
spaces, chain exfension is not high. High chain
exfension may apply high pressures on teeth leading,
as mentioned before, fo more abrupt initial force
degradation (Kovatch et al., 1976).
The need for investigating elastomer stress relaxation
in real time conditions led to the development of a
method based on the experimental design of this
study. This method shows, for the first time, that during
the first 24 hours the curve of force degradation
comprises two sections: an initial steep part and a
less accentuated one, that corresponds to the time
period following the first 4 hours. In longer time
periods, the non-inear section is limited and the rate
of force decay gradually decreases.
In the past, attempts were made (Stevenson and Kusy,
1994) to establish an overall chain stress relaxation
pattern including both the rapid initial phase, and the
later, less steep, force degradation for a period of 3
weeks. This attempt resulted in the following equation:
Flt)= xo (Ki e + Ko "), where
Ks are constants and t/1 is relaxation time.
Nevertheless, in affempting to express the overall
force decay pattern, which consists of curves with
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O unepBoAikds xelpiopds Twv aAucidwy eival mdavig
unedduvog yia Toug  peydhoug pudpols  anwAesiag
Slvapng onG OKETIKEG épeuveg, BAcel Twv omnoiwv n
ahucida pnopei va yavel wg kai 10 50% NG apyikig
andédoong oe dlvapn, péoa omy npwm wea. (ordoo,
Adn and 10 1970 or Bishara kai Andreasen Kméypo-
yav o1 n anoieia onoéléopsvnq éuvopqq Twv oly-
XPOVWY, yia Ty enoyrj, ehactikdv latex éprave 10 25%.
né TG npwreg KIGAag OnUOoIEUoEIG OXeTKA e 1O
8éua, ol KAivikol Ouckohelmkav va eényricouv 10
napédofo MG perakivnong Ooviwy péow CUCTNHATWY
1a onoia napoucidlouv anwieia anodiddpevng dlvar
unG g 1¢éng tou 50-/0% péoa omv npwm nuépa kal
Kupiwg péoa ong npwreg wpeg. H BiBAioypagia uno-
ompiCer o1 yia My anoreAeoparnkn perakivon evog
Sovriol, n.x évag kuvddovia om Séon evdg e€aydéviog
npoyopgiou, anarefiar ddvaun Mg 1¢éng Twv 200-
250 yp. Av uioSerrjooupe TG TIKEG nMou oI mpoava-
pepOeioeg épeuveg ovocpépouv yia my anwAeia anodr
Bopquq dlvapng oro Xpovo, avapéverar 61 apécwg
psro mnv Tor|085mor] evog opdodovtikol epBiopnyavi-
koU ouompatog, 1a enfneda MG aneleudepoluevng
Suvapng 8a néoouv ora 140-150 yp. (g ek toltou
1i8e1al 10 epwimua av ekeivo nou unepekmuidnke Arav n
avaykaia yia mv odovrikr perakivnon dlvapn ri o pud-
HOG peiwong MG anodiddpevng Slvapng.
H napoloa perém karéhnée oe pikpdrepoug pudpoig
nwong g anodiddpevng Slvapng yia dAa 1a dokipia,
avetapmia and tov 10no, ce oxéon pe TG TIPEG nou
édive n nAeloyn@ia Twv nponyolpevwy epeuvay. Erol,
npoodiopiomke pia oparonoinon mg 1ééng ou 10-
15%, oe aviiBeon pe 1a enineda 1wy 40-50% nou ava-
PEPOUV EPEUVEG [N CUVEXOUG KATaypaPriG OESOUEVWVY.
H Siapopd evionileral ce dlo Baoikols napdyovieg:
a) SIlapopég omy opyavwon G HEAENG Nou nepIAa-
Bavouv Aiydrepoug  elpiopols Twv  aAucidwv  Kal
neplopiCouv €01 My kdéNWon 10U UAIKOU kaTd Bldp
kela NG dokIpaoiag, rlopo)\)\r])\o HE Ouveyr| Kataypagr
5&50p£vwv oe npoypanKo XPOVO Kal
B) oxenkd pikprj aMdG kAivika nio cuvmpeniki kraon
Twv Sokipiwv katd 50% dvw 1ou Puoikol PRKoug, Ot
avri@eon pe 10 100% 1wv nponyolpevwy epeuvav. [evi-
K&, ol peyd)\sq sKTc’Joaq ouvdéovial Kal pe HeydAeg
onw)\aeq, KUpiwG GTav. XPNOIHONOIoUVIal oI epYaoTTY
PIGKOT XEIPIOLOT TwV MPONYOUHEVWY EPEUVAY. And nv
AN pepid, oe kKAivikd mepioranikd, onwg omy nepi-
nwon olykAeiong pikpwv npoodiwv diacmudiwy, o
ePeAKUONOG NG aAucidag Oev eival peyaAng ékraong.
O peydrog scpa)\Kuopéq ng aiucidag mbavig va
cpopn(a pe peyéhes niéoeig 1a dovIa, v napGMna
kam 1éroio oérwa onwg npoovocpspSr]Ke oe nio and-
Topn apxiki pefwon anodiddpevng divaung (Kovatch
kal ouv., 1976).
H avaykaidmia diepeldivnong mg opaionofinong 1aong
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different  slopes, the authors used great
approximations that undermine the reliability of results.
Thus, for time approaching infinity, the equation results
in O force. This sounds unacceptable, since,
theoretically, the force released after long time periods
never crosses the x-axis. Furthermore, at reference time
(=0), the force is Flf|= xo Ki+Ka), where xo represents
initial force.

It should, however, be noted that the value of an
equation, which is formulated for describing
phenomena related to elastomer force degradation, is
limited by the adoption of the method used in this
study. Thus, the procedure of data collection in these
studies included recordings of 10-15 force values
over a period of 2-3 weeks. These values formed a
line which allowed for force prediction at any given
fime throughout the equation. In this study, the force
was recorded for the whole duration of the experiment
at 1-minute intervals. Consequently, equations for
estimating force value at a given time are not
necessary.

Chain type (open or closed) was not found to be a
factor playing an important role for the force delivered
during chain extension. It should be noted that, from
a clinical point of view, the inferest is focused on
absolute values and not on percenfages of force
degradation, because emphasis is placed on clinical
effectiveness, which is affected by force values per se
and not by relative percentages of force loss. It seems
that the factor mostly affecting material effectiveness
and profile is the inifial reference force. This is due to
the fact that force changes through time did not alter
the original classification of elastomeric chains. In
other words, curve sloping showed an upward or
downward gradient depending on the stress
developing by the inifial extension.

The method used in this study may find numerous
applications, including the decay of force delivered
by intra-oral intermaxillary elastics and  extra-oral
appliance elasfics.
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WV eAacTopepwyV ot OuVOrKeG mpaypankol xpdvou
odfynoe omy ovomu{q piag pedddou Boompqug o1o
nelpapaniké oxrpa Mg napodong ps)\emq Me aurjv m
pédodo, yia nEAM Gopd aveupiokeral O kard m diGp-
Kela Twv 24 npdiwv dpwv, N Kopnu)\q pelwong mg
5uv0png nepMopBova dlo oroixeia: éva apyikd and
TOHO THAHA Kal éva Aly&Tepo EKCECNPACPEVO, NMOU avil-
oroixel perd and myv ndpodo 1wv 4 NEwiwy wpwv. 2&
peyaAltepeg xpovikég nepiddoug, 1o ekdenkd TuApa
neplopiCeral kar o pudpdg peiwong mg dlvaung Baivel
HeloUpevog.
210 napeAdov éyive npoonddeia (Stevenson kar Kusy,

1994) va 6IOpOp(|)u)8€f éva oUVOAIKO rlpo'Turlo OpaAo-
nofong Mg 1éong 1wy ahucidwy, 10 onoio va nepr-
AapBéver 1éoo MV apyiki, raxeia, 600 kar my pegner
1a, Aiydrepo andropn, peiwon mg Slvaung, yia xpovi-
o didompa 3 eBopddwy. H npoonddeia aurr karé-
Anée om Siapdpewon g akdroudng egfowong

Fit)= xo (Ki e + Kz "), énou

K oradepég kai
t/1 0 xpdvog oparonoinong.
Qotéoo, omv npoonddeia €kppacns ToU CUVOAIKOU
npotinou peiwong Mg Slvaung, nou anoteieital and
KaPNUAEG SIQPOPETIKWY KAICEWY, O CUYYPAPEIG XPNor-
ponoinoav peydieg npooceyyiceig nou 8érouv und aipe-
on mv aloniotia Twv anoteAeopdiwy. ‘Eror, yia xpdvo
nou Teivel oo aneipo n efoworn Sivel dlvaun O. Kar
1é1010 polalel addkipo, apol Bewpnrikd n dlvapn nou
aneheuBepiveral Perd and peydha xpovika diactpara
Se oupnintel noté pe 1ov d&ova twv x. Eniong oro ypdvo
eninédou avapopds (t=0) n dtvapn eivar F(tj= xo (Ki+
Kz), evd 10 %o napioté mv apyikrj Slvapn.
[MNpéner va onpeiwdel, wotéoo, én n afia mg onpioup-
yiag piag e&fowong, yia My NepIyPAPr] 1wV GAIVOUEVWY
nou oyeriCovial pe m peiwon Mg anodiddpevng Olva-
KNG Twv ehactopepwy, neplopilerar e my uiodémon mg
pedéSou nou ypnoiponolrdnke omy napolca épeuva.
‘Brol, n diadikacia cuMovrig dedopévwy ce Quiég TG
peAEeG nepieAdpBave karaypagr] 10-15 npdy ddva-
UNG yia pia nepiodo 2-3 eBdopddwy, ol onoieg eveyr
Snkav e pia ypappr, kar édwoav m duvaidmia npd-
BAeyng mg Olvaung ot onoladinote XPOoVIKr OTyHr
péow e€jowong. 2mv napoloa peAém, J Slvapn kara-
YPaQnKke yia SAn M 5|osz|o 10U neipdpatog ce tolles
orjuara 1 Aentol, kar cuvenwg Sev eival anapaimreg
e€looEIg yia Tov uno)\owopo mg niprig Mg Slvapng oe
Sedopévo xpdvo.
O 1inog Mg aiucidag (avoikidg 1 kheiotdg) dev ano-
SeiyOnke onpavikdg nopd\(owoq Tou eninédou anodi-
Bopquq 5uvopr]§ oe éxiaon. [lpénel va onpeiwdel o
and KAIVIKAG anoyng o evIapépov OTPEPETal NPOG TIG
andAuTeg TIREG kar Oyl NPOG T NOCOOTA Heiwong MG
Slvapng, yiar Oiveral éupacn omv KAIVIKY] anotehe:
opankdémra, n onoia ennpedlerarl and autég kadautEg
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G npég Mg Suvapng kadaurég kar Oy and 1a oxenkd
nocoord anwheiwv. Daiveral nwg o napdyoviag nou
ennpedler My anoteAeopankdmia kai 10 NPOPiA 1ou
uhikol eivar n apyiki dlvapn avapopds. Autd oger
Aetal oto yeyovdg & o peraBorég mG dlvapng pe 1o
xpovo dev dMaav v apyikr kardraén twv eAactope-
pwv ahucidwv. Me GMa )\é\(lo N KAion Twv Kopnu)\d)v
€deile pia orpocpr] npeog 1a ndvw i NPOG T1a kaTw, avd-
Aoya e myv 1éon nou dnpioupyridnke and tov apxikd
EPEAKUCHO.

H pe@oéoq nou xpenotiponoirdnke ormy napoloa pPeré:
m pnopa va Bpa NOMEG epappovég, oupnepihapBar-
vopévng NG peiwong g Slvapng nou anodidouv T
latex evdootopankd Siayvadka ehactikd kal 1a ehaotr-
k& eéwotopankwv PnyavnpaTwy.
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