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™∫√¶√™: ∏ ‰ËÌÈÔ˘ÚÁ›· ÂÈÚ·Ì·ÙÈÎ‹˜ ‰È¿Ù·ÍË˜ ÈÎ·Ó‹˜ Ó·
Î·Ù·ÁÚ¿ÊÂÈ ·ÍÈfiÈÛÙ· ÙÈ˜ ·ÏÏ·Á¤˜ ÛÙËÓ ·ÛÎÔ‡ÌÂÓË ‰‡Ó·ÌË ·fi
ÂÏ·ÛÙÔÌÂÚ‹ ·Ï˘Û›‰·, ˘fi ÛÙ·ıÂÚ‹ ·Ú·ÌfiÚÊˆÛË, ÛÂ Ú·ÁÌ·-
ÙÈÎfi ¯ÚfiÓÔ Î·È ÌÂ Û˘ÓÂ¯‹ ‰Â‰ÔÌ¤Ó· Î·È Ë ÌÂÏ¤ÙË ÙË˜ ‰È·ÊÔÚ¿˜
ÙË˜ ÔÌ·ÏÔÔ›ËÛË˜ Ù¿ÛË˜ ÌÂÙ·Í‡ ·ÓÔÈÎÙÒÓ (ÌÂ ÂÓ‰È¿ÌÂÛÔ ÎÚ›ÎÔ)
Î·È ÎÏÂÈÛÙÒÓ (¯ˆÚ›˜ ÎÚ›ÎÔ) ·Ï˘Û›‰ˆÓ ÙÔ˘ ›‰ÈÔ˘ Î·Ù·ÛÎÂ˘·ÛÙ‹.
À§π∫√ ∫∞π ª∂£√¢√™: ∫·Ù·ÛÎÂ˘¿ÛÙËÎÂ ÚfiÙ˘Ë ÌË¯·ÓÈÎ‹

‰È¿Ù·ÍË ÌÂ ËÏÂÎÙÚÔÓÈÎ¿ Ì¤ÚË Î·È ˘Ô‰Ô¯‹ ·Ó¿ÚÙËÛË˜ ÙˆÓ ÂÏ·-
ÛÙÔÌÂÚÒÓ ˘ÏÈÎÒÓ. ∫·Ù·ÁÚ¿ÊËÎÂ Ë Û˘ÌÂÚÈÊÔÚ¿ ÙÔ˘ Û˘ÛÙ‹Ì·-
ÙÔ˜ ˘fi ÊfiÚÙÈÛË, ¤ÁÈÓÂ ‚·ıÌÔÓfiÌËÛË ÙË˜ Û˘ÛÎÂ˘‹˜ ÌÂ ‰˘Ó·-
ÌfiÌÂÙÚÔ, ‰ËÌÈÔ˘ÚÁ‹ıËÎÂ Î·Ì‡ÏË Û˘Û¯¤ÙÈÛË˜ ÌÔÓ¿‰ˆÓ
Û˘ÛÎÂ˘‹˜-ÁÚ·ÌÌ·Ú›ˆÓ Î·È ‰ÈÂÚÂ˘Ó‹ıËÎÂ Ô Û˘ÓÙÂÏÂÛÙ‹˜ ÌÂÙ·-
ÙÚÔ‹˜ ÙˆÓ ÌÔÓ¿‰ˆÓ Ì¤ÙÚËÛË˜ ÙË˜ Û˘ÛÎÂ˘‹˜ ÛÂ ÁÚ·ÌÌ¿ÚÈ·.
°È· ÙËÓ ¤ÚÂ˘Ó· ¯ÚËÛÈÌÔÔÈ‹ıËÎÂ ÂÏ·ÛÙÔÌÂÚ‹˜ ·Ï˘Û›‰·
(ORMCO) ÌÂ ·ÓÔÈÎÙ‹ Î·È ÎÏÂÈÛÙ‹ ÌÔÚÊ‹, Ë ÔÔ›· ‰È·Ù¿ıËÎÂ
50% ÛÂ Û¯¤ÛË ÌÂ ÙÔ ·Ú¯ÈÎfi ÙË˜ Ì‹ÎÔ˜ Î·È ÌÂÏÂÙ‹ıËÎÂ ÁÈ· 2
Â‚‰ÔÌ¿‰Â˜. ∆·  ·ÔÙÂÏ¤ÛÌ·Ù· ÔÌ·ÏÔÔ›ËÛË˜ Ù¿ÛË˜ ·Ó·Ï‡ıË-
Î·Ó ÌÂ ÙË Ì¤ıÔ‰Ô ANOVA ‰‡Ô ÌÂÙ·‚ÏËÙÒÓ (¯ÚfiÓÔ˜, ÌÔÚÊ‹
·Ï˘Û›‰·˜) ÛÂ Â›Â‰Ô ÛËÌ·ÓÙÈÎfiÙËÙ·˜ ·=0.05.
∞¶√∆∂§∂™ª∞∆∞: ™ÙËÓ ÈÏÔÙÈÎ‹ ÌÂÏ¤ÙË ‰ÂÓ ·Ú·ÙËÚ‹ıËÎÂ
‰È·ÊÔÚ¿ ÌÂÙ·Í‡ ÙË˜ ‰‡Ó·ÌË˜ Ô˘ ·o‰›‰ÂÙ·È ÛÙËÓ ·Ú¯ÈÎ‹ ¤ÎÙ·-
ÛË ÙË˜ ·ÓÔÈÎÙ‹˜ Î·È ÎÏÂÈÛÙ‹˜ ·Ï˘Û›‰·˜ fiˆ˜ Â›ÛË˜ ‰ÂÓ ·Ú·-
ÙËÚ‹ıËÎ·Ó ‰È·ÊÔÚ¤˜ ÛÙÔ Ú˘ıÌfi ÌÂ›ˆÛË˜ ÙË˜ ‰‡Ó·ÌË˜ Î·Ù¿ ÙË
‰È¿ÚÎÂÈ· ÙË˜ ÌÂÏ¤ÙË˜. ªÂ ‚¿ÛË Ù· ‰Â‰ÔÌ¤Ó· ÚÔÙ¿ıËÎÂ Ì·ıË-
Ì·ÙÈÎ‹ ¤ÎÊÚ·ÛË ÙË˜ ÂÚÈÁÚ·Ê‹˜ ÙÔ˘ Ê·ÈÓÔÌ¤ÓÔ˘ ÔÌ·ÏÔÔ›ËÛË˜
ÙË˜ Ù¿ÛË˜ ÁÈ· ÙÔ ÚÒÙÔ 24-ˆÚÔ fiÔ˘ Ë ÙÒÛË ÙË˜ ‰‡Ó·ÌË˜
Â›Ó·È Î·È Ë ÌÂÁ·Ï‡ÙÂÚË.  
™Àª¶∂ƒ∞™ª∞∆∞: ∏ ÚÔÙÂÈÓfiÌÂÓË ‰È¿Ù·ÍË ·Ú¤¯ÂÈ ÙË ‰˘Ó·-
ÙfiÙËÙ· Î·Ù·ÁÚ·Ê‹˜ ÙË˜ ÌÂ›ˆÛË˜ ÙË˜ ‰‡Ó·ÌË˜ ˘fi ÛÙ·ıÂÚ‹

ABSTRACT

AIM: Development of an experimental set-up 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 results were analyzed using the two-
variable (time, chain type) ANOVA method at a level of
significance of ·=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 set-up enables us to record
force decay of elastomeric materials under constant strain
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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 elasticity (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
presented a relevant in vitro set-up 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 et al., 1993), in acidic or
neutral pH (Ferriter et al., 1990). This multifactorial
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 attempted to

EI™A°ø°H

H Û˘ÌÂÚÈÊÔÚ¿ ÙˆÓ ÂÏ·ÛÙÔÌÂÚÒÓ ·Ï˘Û›‰ˆÓ Î·È ÚÔÛ-
‰¤ÛÂˆÓ ÁÂÓÈÎ¿ ÂÚÈÁÚ¿ÊÂÙ·È ·fi ÙÔ Ê·ÈÓfiÌÂÓÔ ÙË˜ ÂÍÈÛ-
ÛÔÚfiËÛË˜ ‹ ÔÌ·ÏÔÔ›ËÛË˜ Ù¿ÛË˜ Ô˘ ·Ó·Ê¤ÚÂÙ·È
ÛÙËÓ ÌÂ›ˆÛË ÙË˜ ·Ô‰È‰fiÌÂÓË˜ ‰‡Ó·ÌË˜ ˘fi ÛÙ·ıÂÚ‹
·Ú·ÌfiÚÊˆÛË. ∫·Ù¿ ÙË ‰È¿ÚÎÂÈ· ·˘ÙÔ‡ ÙÔ˘ Ê·ÈÓÔÌ¤-
ÓÔ˘ Î·È ÚÔ˚fiÓÙÔ˜ ÙÔ˘ ¯ÚfiÓÔ˘ ÙÔ ˘ÏÈÎfi ·ÚÔ˘ÛÈ¿ Â̇È
ÂÚÈÛÛfiÙÂÚ· ÙÔ˘ ÂÓfi˜ Ì¤ÙÚ· ÂÏ·ÛÙÈÎfiÙËÙ·˜ (Tager,
1978). ªÂÁ¿ÏÔ˜ ·ÚÈıÌfi˜ ÌÂÏÂÙÒÓ ¤¯ÂÈ Î·Ù·‰Â›ÍÂÈ ÙËÓ
ÌÂ›ˆÛË ‰‡Ó·ÌË˜ Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÛÙ·ıÂÚ‹˜ ·Ú·ÌfiÚ-
ÊˆÛË˜ ÛÂ ÂÏ·ÛÙÔÌÂÚ‹ ˘ÏÈÎ¿ ‹‰Ë ·fi ÙË ‰ÂÎ·ÂÙ›· ÙÔ˘
1970 ÂÓÒ ÈÛÙÔÚÈÎ¿ ‰‡Ô ·fi ÙÈ˜ ÚÒÙÂ˜ ÂÚÁ·Û›Â˜ ÛÙÔ
·ÓÙÈÎÂ›ÌÂÓÔ ‰ËÌÔÛÈÂ‡ÙËÎ·Ó ·fi ÙÔ˘˜  Bishara Î·È
Andreasen (1970), Ô˘ ·ÚÔ˘Û›·Û·Ó Î·È Û¯ÂÙÈÎ‹ ÂÈ-
Ú·Ì·ÙÈÎ‹ ‰È¿Ù·ÍË ÌÂ ÂÌ‚¿ÙÈÛË ÙˆÓ ‰ÔÎÈÌ›ˆÓ ÛÂ ÓÂÚfi
ıÂÚÌÔÎÚ·Û›·˜ ÛÒÌ·ÙÔ˜ (Andreasen Î·È Bishara
1970; Bishara Î·È Andreasen, 1970). ∞ÚÁfiÙÂÚ· Ë
·ÍÈÔÈÛÙ›· ÙË˜ ÂÍÔÌÔ›ˆÛË˜ ÙÔ˘ ÛÙÔÌ·ÙÈÎÔ‡ ÂÚÈ‚¿ÏÏÔ-
ÓÙÔ˜ ·fi Ù· ˘‰·ÙfiÏÔ˘ÙÚ· ·ÌÊÈÛ‚ËÙ‹ıËÎÂ ·fi ÙÔ˘˜ Ash
Î·È Nikolai (1978). °ÂÓÈÎ¿ Ë ÌÂÏ¤ÙË ÙÔ˘ Ê·ÈÓÔÌ¤ÓÔ˘
¤¯ÂÈ Ú·ÁÌ·ÙˆıÂ› Ì¤Û· ·fi Ï‹ıÔ˜ Ì¤ÛˆÓ Á‹Ú·ÓÛË˜
fiˆ˜ ÍËÚfi ·¤Ú· ‹ ˘ÁÚ·Û›· (Rock Î·È Û˘Ó., 1985),
ÓÂÚfi, ÙÂ¯ÓËÙfi Û¿ÏÈÔ ‹ ÊıÔÚÈÔ‡¯· ‰È·Ï‡Ì·Ù· (von
Fraunhofer Î·È Û˘Ó., 1992), ÌÂ ÌÂÙ·‚ÏËÙ‹ ıÂÚÌÔÎÚ·-
Û›· (Brooks Î·È Hershey, 1976), Î·È ·˘ÍÔÌÂÈÔ‡ÌÂÓË
‰‡Ó·ÌË (Chau Î·È Û˘Ó., 1993), ÛÂ fiÍÈÓÔ ‹ Ô˘‰¤ÙÂÚÔ
pH (Ferriter Î·È Û˘Ó., 1990). ∏ ÔÏ˘·Ú·ÁÔÓÙÈÎ‹ ·˘Ù‹
ÚÔÛ¤ÁÁÈÛË ¤¯ÂÈ ‰Â›ÍÂÈ fiÙÈ Ë ‰‡Ó·ÌË ÌÂÈÒÓÂÙ·È Ì¤¯ÚÈ Î·È
40% Ì¤Û· ÛÙÔ ÚÒÙÔ 24-ˆÚÔ (Cheremirinof, 1993;
Young Î·È Sandrik, 1979), ‹ ÛÙË ‰È¿ÚÎÂÈ· ÙˆÓ ÚÒÙˆÓ
3 ˆÚÒÓ (Wong, 1976), ‹ 2 ˆÚÒÓ (Varner Î·È Buck,
1978), ‹ ·ÎfiÌ· Î·È Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙË˜ ÚÒÙË˜ ÒÚ·˜
(de Genova Î·È Û˘Ó., 1985; Brantley Î·È Û˘Ó., 1979;
Stevenson Î·È Kusy, 1994). 
∏ ÌÂÁ¿ÏË ‰È·Î‡Ì·ÓÛË ÙˆÓ ÙÈÌÒÓ Î·È ÙÔ˘ Ú˘ıÌÔ‡ ÔÌ·-
ÏÔÔ›ËÛË˜ Ù¿ÛË˜ ÔÊÂ›ÏÂÙ·È ÛÙÈ˜ ‰È·ÊÔÚ¤˜ ÙË˜ Û‡ÓıÂ-
ÛË˜ ÙˆÓ ˘ÏÈÎÒÓ Ô˘ ÂÚÈÏ·Ì‚¿ÓÂÈ ÔÏ˘ÂÛÙÂÚÈÎ‹ ‹ ÔÏ˘-
·ÈıÂÚÈÎ‹ ÔÏ˘Ô˘ÚÂı¿ÓË (µillmeyer, 1984), ÙÔ˘ ÙÚfiÔ˘
Î·Ù·ÛÎÂ˘‹˜ Î·È Èı·ÓÒ˜ ÙË˜ ÌÔÚÊÔÏÔÁ›·˜ Î·È ÙÔ˘ Û¯Â-
‰È·ÛÌÔ‡ ÙˆÓ ÎÚ›ÎˆÓ Î·È ÙË˜ Î˘ÎÏÈÎ‹˜ ÌÔÓ¿‰·˜ ÙË˜ ·Ï˘-

·Ú·ÌfiÚÊˆÛË ÌÂ Û˘ÓÂ¯‹ ‰Â‰ÔÌ¤Ó· ÛÂ ÂÏ·ÛÙÔÌÂÚ‹ ˘ÏÈÎ¿. ∆·
·ÔÙÂÏ¤ÛÌ·Ù· ¤‰ÂÈÍ·Ó ‰È·ÊÔÚ¿ ÙˆÓ ÙÈÌÒÓ ÌÂ ·ÓÙ›ÛÙÔÈ¯Â˜ ÌÂıfi-
‰Ô˘˜ Ô˘ ÚÔÙ¿ıËÎ·Ó ÛÙÔ ·ÚÂÏıfiÓ Èı·ÓÒ˜ ÏfiÁˆ ·‡ÍËÛË˜
ÔÌ·ÏÔÔ›ËÛË˜ ÙË˜ Ù¿ÛË˜ ÏfiÁˆ ¯ÂÈÚÈÛÌÒÓ Î·È ÌË Û˘ÓÂ¯Ô‡˜
Î·Ù·ÁÚ·Ê‹˜ ÙˆÓ ‰Â‰ÔÌ¤ÓˆÓ ÛÙÈ˜ ÙÂÏÂ˘Ù·›Â˜.
§∂•∂π™ ∫§∂π¢π∞: EÏ·ÛÙÔÌÂÚÂ›˜ ·Ï˘Û›‰Â˜, ÔÌ·ÏÔÔ›ËÛË
Ù¿ÛË˜, ÂÊÂÏÎ˘ÛÌfi˜, ÚˆÙfiÙ˘Ë ÌË¯·ÓÈÎ‹ ‰È¿Ù·ÍË
∂ÏÏ. √ÚıÔ‰. ∂Èı. 2003; 6: 13-26
¶·ÚÂÏ‹ÊıË: 15.07.2002 – ŒÁÈÓÂ ‰ÂÎÙ‹: 10.02.2003

with continuous data recording. Results showed value
differences compared to other similar methods, probably
because of stress relaxation increase due to chain
manipulations and non-continuous data recording used in
those methods.
KEY WORDS: Elastomeric chains, stress relaxation, tension,
original mechanical set-up
Hel. Orthod. Rev. 2003; 6: 13-26
Received: 15.07.2002 – Accepted: 10.02.2003
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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-stretching
(Josell et al., 1997). Finally, the third direction involves
the promotion of new improved material forms (Lam et
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 continuous light forces.
The aim of this study was to develop a method to
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 II, ORMCO,
Glendora, CA, USA) were selected for the pilot study.
Ten chain specimens from each group were created
by cutting 6-ring chains using a new cutter and
avoiding any manipulations or stretching during the
procedure. For the creation of specimens, the
selection of the number of chain units instead 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 after 50% chain stretching.
A portable control appliance was manufactured to
measure the force applied by an elastomeric chain
during its stretching 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 to 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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Û›‰·˜ Î·È ÙË˜ ÌÂıÔ‰ÔÏÔÁ›·˜ ‰ÔÎÈÌ·Û›·˜ (Brantley Î·È
Û˘Ó., 1979). ∏ ÙÂÏÂ˘Ù·›· ÂÚÈÏ·Ì‚¿ÓÂÈ ÙÔ Ì¤ÛÔ Á‹Ú·Ó-
ÛË˜ Î·È ÙË Ì¤ıÔ‰Ô ÊfiÚÙÈÛË˜ Î·È Î·Ù·ÁÚ·Ê‹˜ ÙË˜ ‰È·-
Î‡Ì·ÓÛË˜ ÙË˜ Ù¿ÛË˜. 
°È· ÙË ÌÂÏ¤ÙË ÙÔ˘ Ê·ÈÓÔÌ¤ÓÔ˘ Ë ¤ÚÂ˘Ó· ·ÎÔÏÔ‡ıËÛÂ ÙÈ˜
·Ú·Î¿Ùˆ Î·ÙÂ˘ı‡ÓÛÂÈ˜: Ë ÚÒÙË Î·Ù¤ÙÂÈÓÂ ÛÙÔ Ó· ·Ó·-
‰Â›ÍÂÈ ÙËÓ ·ÈÙÈÔÏÔÁ›· ·˘Ù‹˜ ÙË˜ ÙÒÛË˜ Ù¿ÛË˜ Ì¤Ûˆ ÙË˜
Â›‰Ú·ÛË˜ ÙË˜ Û‡ÓıÂÛË˜, fiˆ˜ Ë ÂÓÛˆÌ¿ÙˆÛË ÚÔ-
Ûı¤ÙˆÓ ÁÈ· ÙÔÓ ¯ÚˆÌ·ÙÈÛÌfi ÙË˜ ·Ï˘Û›‰·˜ (Baty Î·È
Û˘Ó., 1994) Î·È Ë ·ÂÏÂ˘ı¤ÚˆÛË ÊıÔÚ›Ô˘, ÛÙËÓ ·fi-
‰ÔÛË ÊÔÚÙ›Ô˘. ∏ ‰Â‡ÙÂÚË ÂÓÙfiÈÛÂ ÙÔ ÂÓ‰È·Ê¤ÚÔÓ ÛÂ
ÌÂıfi‰Ô˘˜ ÂÚÈÔÚÈÛÌÔ‡ ·˘Ù‹˜ ÙË˜ ·ÓÂÈı‡ÌËÙË˜ ÂÏ¿ÙÙˆ-
ÛË˜ fiˆ˜ Ë ÚÔ-¤ÎÙ·ÛË (Josell Î·È Û˘Ó., 1997). ∆¤ÏÔ˜
Ë ÙÚ›ÙË ÂÚÈÏ·Ì‚¿ÓÂÈ ÙËÓ ÚÔÒıËÛË Ó¤ˆÓ ‚ÂÏÙÈˆÌ¤ÓˆÓ
ÌÔÚÊÒÓ ˘ÏÈÎÒÓ (Lam Î·È Û˘Ó., 2002). ∏ ÛËÌ·Û›· ÙË˜
ÌÂ›ˆÛË˜ Ù¿ÛË˜ ÛÙËÓ ‰È·‰ÈÎ·Û›· ÔÚıÔ‰ÔÓÙÈÎ‹˜ ÌÂÙ·Î›-
ÓËÛË˜ ¤ÁÎÂÈÙ·È ÛÙËÓ Èı·Ó‹ ÌÂÁ¿ÏË ÙÒÛË ÙË˜ ‰‡Ó·ÌË˜
Ô˘ ·ÛÎÂ›Ù·È Î·Ù¿ ÙÔ ÚÒÙÔ 24-ˆÚÔ Î·È ÛÙËÓ Â›‰Ú·ÛË
ÙË˜ ÛÙËÓ ‚ÈÔÏÔÁÈÎ‹ ‰ÈÂÚÁ·Û›· ÙË˜ ÌÂÙ·Î›ÓËÛË˜ ÌÂ ‰Â‰Ô-
Ì¤ÓÔ fiÙÈ Ë ‚¤ÏÙÈÛÙË ÌÂÙ·Î›ÓËÛË ÂÈÙ˘Á¯¿ÓÂÙ·È ÌÂ Û˘ÓÂ¯Â›˜
‰˘Ó¿ÌÂÈ˜.  
™ÎÔfi˜ ÙË˜ ÂÚÁ·Û›·˜ ‹Ù·Ó Ë ‰ËÌÈÔ˘ÚÁ›· ÌÂıfi‰Ô˘
ÌÂÏ¤ÙË˜ ÙË˜ ÌÂ›ˆÛË˜ ÙË˜ ‰‡Ó·ÌË˜ ÙˆÓ ÂÏ·ÛÙÔÌÂÚÒÓ ·Ï˘-
Û›‰ˆÓ Î·È Ë ÂÊ·ÚÌÔÁ‹ ÈÏÔÙÈÎ‹˜ ÌÂÏ¤ÙË˜ ÌÂ ÛÎÔfi ÙËÓ
ÂÍ·ÎÚ›‚ˆÛË ÙË˜ ‰È·ÊÔÚ¿˜ ÔÌ·ÏÔÔ›ËÛË˜ Ù¿ÛË˜ ÌÂÙ·-
Í‡ ·ÓÔÈÎÙÒÓ (ÌÂ ÂÓ‰È¿ÌÂÛÔ ÎÚ›ÎÔ) Î·È ÎÏÂÈÛÙÒÓ (¯ˆÚ›˜
ÎÚ›ÎÔ) ·Ï˘Û›‰ˆÓ. 

Y§IKA KAI ME£O¢O™

°È· ÙËÓ ÈÏÔÙÈÎ‹ ÌÂÏ¤ÙË ÂÂÏ¤ÁËÛ·Ó ·ÓÔÈÎÙ¤˜ (ÌÂ ÂÓ‰È¿-
ÌÂÛÔ ÎÚ›ÎÔ) Î·È ÎÏÂÈÛÙ¤˜ (¯ˆÚ›˜ ÂÓ‰È¿ÌÂÛÔ ÎÚ›ÎÔ) ÂÏ·-
ÛÙÔÌÂÚÂ›˜ ·Ï˘Û›‰Â˜ (Generation II, ORMCO,
Glendora, CA, USA). ¢¤Î· ‰ÔÎ›ÌÈ· ·Ï˘Û›‰ˆÓ ·fi
Î¿ıÂ ÔÌ¿‰· ·Ú‹¯ıËÛ·Ó ÌÂ ·ÔÎÔ‹ ·Ï˘Û›‰ˆÓ ÌÂ 6
ÎÚ›ÎÔ˘˜ Ë Î¿ıÂ Ì›· ÌÂ ÙË ¯Ú‹ÛË Î·ÈÓÔ‡ÚÁÈÔ˘ ÎfiÊÙË Î·È
·ÔÊ˘Á‹ ¯ÂÈÚÈÛÌÒÓ ‹ ‰È¿Ù·ÛË˜ Î·Ù¿ ÙËÓ ·Ú·ÛÎÂ˘‹
ÙÔ˘˜. ∏ ÂÈÏÔÁ‹ ÙÔ˘ ·ÚÈıÌÔ‡ ÙˆÓ ÌÔÓ¿‰ˆÓ ÙË˜ ·Ï˘Û›-
‰·˜ ·ÓÙ› ÙÔ˘ ÛÙ·ıÂÚÔ‡ Ì‹ÎÔ˘˜ ÁÈ· ÙË ‰ËÌÈÔ˘ÚÁ›· ‰ÔÎÈ-
Ì›ˆÓ ¤ÁÈÓÂ ÌÂ ‚¿ÛË ÙË ‰È·ÊÔÚÂÙÈÎ‹ Û¯¤ÛË
ÌÔÓ¿‰·˜/Ì‹ÎÔ˘˜ ÁÈ· Î¿ıÂ ÔÌ¿‰· ·Ï˘Û›‰ˆÓ. ∆Ô ·Ú¯È-
Îfi Ì‹ÎÔ˜ Î¿ıÂ ‰ÔÎÈÌ›Ô˘ ÌÂÙÚ‹ıËÎÂ ÌÂ „ËÊÈ·Îfi ÌÂÙÚË-
Ù‹ (Mitutoyo, Tokyo, Japan) ÌÂ ‚¿ÛË ÙÔ Ì‹ÎÔ˜ Ô˘
ÂÚÈÎÏÂÈfiÙ·Ó ·fi ÙÔ ÂÛˆÙÂÚÈÎfi ÙˆÓ ·ÎÚ·›ˆÓ ÌÔÓ¿‰ˆÓ,
ÛÙËÓ ·Ú¯ÈÎ‹ ÌÔÚÊ‹ Î·È ÌÂÙ¿ ·fi ¤ÎÙ·ÛË 50%.
∫·Ù·ÛÎÂ˘¿ÛÙËÎÂ ÊÔÚËÙ‹ Û˘ÛÎÂ˘‹ ÂÏ¤Á¯Ô˘ ÁÈ· ÙË Ì¤ÙÚË-
ÛË ÙË˜ ‰‡Ó·ÌË˜ Ô˘ ·ÛÎÂ› ‰È·ÙÂÈÓfiÌÂÓË ÂÏ·ÛÙÔÌÂÚ‹˜
·Ï˘Û›‰· Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙË˜ ¤ÎÙ·Û‹˜ ÙË˜ ÛÂ Ú·ÁÌ·-
ÙÈÎfi ¯ÚfiÓÔ Î·È ÌÂ Û˘ÓÂ¯‹ Û˘ÏÏÔÁ‹ ‰Â‰ÔÌ¤ÓˆÓ (∂ÈÎ. 1).
∆· ‚·ÛÈÎ¿ ÛÙÔÈ¯Â›· ·˘Ù‹˜ ÙË˜ Û˘ÛÎÂ˘‹˜ Â›Ó·È ÌÈ· ÎÂÊ·-
Ï‹ Ì¤ÙÚËÛË˜ ÊÔÚÙ›Ô˘ (load cell) ÎÏ›Ì·Î·˜ 2 ¯ÏÁ (RS
components 632-736) Û˘Ó‰Â‰ÂÌ¤ÓË ÌÂ ¤Ó· ËÏÂÎÙÚÔ-
ÌËÎ˘ÓÛÈfiÌÂÙÚÔ Î·È ¤Ó·Ó ÂÓÈÛ¯˘Ù‹ (RS components 846-



∂ÈÎ. 2. ÕÔ„Ë ÙÔ˘ ÏÂÈÙÔ˘ÚÁÈÎÔ‡ Ì¤ÚÔ˘˜ ÙË˜ Û˘ÛÎÂ˘‹˜ (Û˘Ó-
‰‹ÎÙÔÚ·)

Fig. 2. Functional part of the appliance.

∂ÈÎ. 1. ∏ ÂÈÚ·Ì·ÙÈÎ‹ ‰È¿Ù·ÍË Ô˘ Î·Ù·ÛÎÂ˘¿ÛÙËÎÂ ÁÈ· ÙË ÌÂÏ¤ÙË ÙË˜ ÔÌ·ÏÔÔ›ËÛË˜ Ù¿ÛË˜ ÙˆÓ ÂÏ·ÛÙÔÌÂÚÒÓ.

Fig. 1. Experimental set-up designed for the study of elastomer stress relaxation.
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experimental study was performed in real time,
without interventions 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 stretching 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
(r2>0.999); the conversion coefficient of voltage units
(mV) to 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 statistical 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,
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171), ÌÈ· ÁÂÓÓ‹ÙÚÈ· Î·È ¤Ó·˜ ÌË¯·ÓÔ˘ÚÁÈÎfi˜ Û˘Ó‰‹-
ÎÙÔÚ·˜ (Ì¤ÁÁÂÓË) (∂ÈÎ. 2). ∫·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙË˜ ¤ÎÙ·ÛË˜
ÙË˜ ·Ï˘Û›‰·˜ ÛÙÔ ÂÈı˘ÌËÙfi Ì‹ÎÔ˜ ÌÂ ¿ÓÔÈÁÌ· ÙÔ˘ Û˘Ó-
‰‹ÎÙÔÚ·, ·Ú·ÙËÚÂ›Ù·È ‰È·ÊÔÚ¿ ‰˘Ó·ÌÈÎÔ‡, Ë ÔÔ›·
ÌÂÁÂı‡ÓÂÙ·È ÛÙÔÓ ÂÓÈÛ¯˘Ù‹ Î·È Á›ÓÂÙ·È ·ÓÙÈÏËÙ‹ ·fi ÙÔ
ËÏÂÎÙÚÔÌËÎ˘ÓÛÈfiÌÂÙÚÔ ÙË˜ Û˘ÛÎÂ˘‹˜. ∏ Û˘ÛÎÂ˘‹ Û˘Ó-
‰¤ıËÎÂ ÌÂ ÌÈ· ÌÔÓ¿‰· ÂÂÍÂÚÁ·Û›·˜ ÛËÌ¿ÙˆÓ (∂307-3
RPR Electronics, Wolverhampton, UK) Î·È ·˘Ù‹, Ì¤Ûˆ
ÂÓfi˜ ·Ó·ÏÔÁÔ-„ËÊÈ·ÎÔ‡ ÌÂÙ·ÙÚÔ¤· 16 Î·Ó·ÏÈÒÓ, ÌÂ
ËÏÂÎÙÚÔÓÈÎfi ˘ÔÏÔÁÈÛÙ‹, ÂÍÔÏÈÛÌ¤ÓÔ ÌÂ ÚfiÁÚ·ÌÌ·
˘Ô‰Ô¯‹˜ ‰Â‰ÔÌ¤ÓˆÓ (Picolog, Technology systems,
UK). ∏ Î·Ù·ÁÚ·Ê‹ ÙË˜ ‰‡Ó·ÌË˜ Î·ı’fiÏË ÙË ‰È¿ÚÎÂÈ·
ÙË˜ ÂÈÚ·Ì·ÙÈÎ‹˜ ÌÂÏ¤ÙË˜ ¤ÁÈÓÂ ÛÂ Ú·ÁÌ·ÙÈÎfi ¯ÚfiÓÔ,
¯ˆÚ›˜ ·ÚÂÌ‚¿ÛÂÈ˜  ·fi ÙÔÓ ¯ÂÈÚÈÛÙ‹ Î·È ÛÂ Û˘ÓÂ¯‹
ÌÔÚÊ‹, ÌÂ ÌÂÛÔ‰È·ÛÙ‹Ì·Ù· 1 ÏÂÙÔ‡. ∂ÂÈ‰‹ Ë Ì¤ıÔ-
‰Ô˜ Î·Ù·ÁÚ·Ê‹˜ ÂÚÈÏ·Ì‚¿ÓÂÈ ÌÔÓ¿‰Â˜ mV ÌÂ ·ÚÓËÙÈ-
Îfi ÚfiÛËÌÔ, Ù· ‰Â‰ÔÌ¤Ó· ¤ÚÂÂ Ó· ÌÂÙ·ÙÚ·Ô‡Ó,
ÒÛÙÂ Ó· ·ÔÎÙ‹ÛÔ˘Ó Ê˘ÛÈÎ‹ ÛËÌ·Û›·. ∞˘Ùfi ÂÈÙÂ‡¯ıË-
ÎÂ ÌÂ ÔÏÏ·Ï·ÛÈ·ÛÌfi ÙˆÓ ÙÈÌÒÓ ÌÂ –1. ∏ Û˘Û¯¤ÙÈÛË
ÙË˜ ÌÔÓ¿‰·˜ ‰‡Ó·ÌË˜ (g) ÌÂ ÌÔÓ¿‰Â˜ mV, Ú·ÁÌ·ÙÔ-
ÔÈ‹ıËÎÂ ÌÂ ¤ÎÙ·ÛË ‰Â›ÁÌ·ÙÔ˜ ·Ï˘Û›‰·˜ ÛÂ ·˘Í·ÓfiÌÂ-
Ó· Ì‹ÎË (50-250%), ÒÛÙÂ Ó· ·Ú·¯ıÔ‡Ó ‰È¿ÊÔÚ·
ÊÔÚÙ›·. ∞˘Ù¿ Ù· ÊÔÚÙ›· ÌÂÙÚ‹ıËÎ·Ó ÌÂ ‰˘Ó·ÌfiÌÂÙÚÔ
Î·È Î·Ù·ÛÎÂ˘¿ÛÙËÎÂ Î·Ì‡ÏË ‚·ıÌÔÓfiÌËÛË˜
(calibration curve) (r2>0.999) fiÔ˘ ·fi ÙËÓ ÎÏ›ÛË
·ÓÂ˘Ú¤ıË Ô Û˘ÓÙÂÏÂÛÙ‹˜ ÌÂÙ·ÙÚÔ‹˜ ÙˆÓ ÌÔÓ¿‰ˆÓ
Ù¿ÛË˜ (mV) ÛÂ ÌÔÓ¿‰Â˜ ‰‡Ó·ÌË˜ (g) (EÈÎ. 3). ∏ ÂÂ-
ÍÂÚÁ·Û›· ÙˆÓ ‰Â‰ÔÌ¤ÓˆÓ Î·È Ë ÁÚ·ÊÈÎ‹ ÙÔ˘˜ ·Ó··-
Ú¿ÛÙ·ÛË ¤ÁÈÓÂ ÌÂ Û¯ÂÙÈÎfi ÏÔÁÈÛÌÈÎfi (FigP 2.98,
Software Corp., UK).
°È· Î¿ıÂ ˘ÏÈÎfi/¯ÚÔÓÔ-ÂÍ·ÚÙÒÌÂÓË ÙÈÌ‹ ‰‡Ó·ÌË˜, Î·ıÔ-
Ú›ÛÙËÎ·Ó ÂÚÈÁÚ·ÊÈÎ¤˜ ÛÙ·ÙÈÛÙÈÎ¤˜ ·Ú¿ÌÂÙÚÔÈ Î·È  Ù·
·ÔÙÂÏ¤ÛÌ·Ù· ·Ó·Ï‡ıËÎ·Ó ÌÂ Ì¤ıÔ‰Ô ANOVA ‰‡Ô
ÌÂÙ·‚ÏËÙÒÓ fiÔ˘ o Ù‡Ô˜ (·ÓÔÈÎÙfi˜ ‹ ÎÏÂÈÛÙfi˜) Î·È ÔÈ
ÌÂÙ·‚ÏËÙ¤˜ ÙÔ˘ ¯ÚfiÓÔ˘ (Â›Â‰Ô ·Ó·ÊÔÚ¿˜, 1 ÒÚ·,
12 ÒÚÂ˜, 24 ÒÚÂ˜, 1 Â‚‰ÔÌ¿‰·, 2 Â‚‰ÔÌ¿‰Â˜) ÏÂÈ-
ÙÔ‡ÚÁËÛ·Ó ˆ˜ ·ÓÂÍ¿ÚÙËÙÂ˜ ÌÂÙ·‚ÏËÙ¤˜. √È ÂÚ·ÈÙ¤Úˆ
‰È·ÊÔÚ¤˜ ÌÂÙ·Í‡ ÙˆÓ ÔÌ¿‰ˆÓ ‰ÈÂÚÂ˘Ó‹ıËÎ·Ó ÌÂ test
Tukey ÔÏÏ·ÏÒÓ Û˘ÁÎÚ›ÛÂˆÓ Î·È Â›Â‰Ô ÛËÌ·ÓÙÈÎfiÙË-
Ù·˜ ·=0.05.

A¶OTE§E™MATA

√ ¶›Ó·Î·˜ 1 ·ÚÔ˘ÛÈ¿ Â̇È ÙÈ˜ ÙÈÌ¤˜ ‰‡Ó·ÌË˜ ·Ó·ÊÔ-
Ú¿˜ ·Ì¤Ûˆ˜ ÌÂÙ¿ ÙËÓ ¤ÎÙ·ÛË ÙˆÓ ·Ï˘Û›‰ˆÓ. √È ·ÓÔÈÎÙ¤˜
(Ì·ÎÚ‡ÙÂÚÂ˜) ·Ï˘Û›‰Â˜ ‰ÂÓ ·ÚÔ˘ÛÈ¿ Ô̇˘Ó ‰È·ÊÔÚ¤˜ ÛÂ
Û¯¤ÛË ÌÂ ÙÈ˜ ÎÏÂÈÛÙ¤˜ (ÎÔÓÙ‡ÙÂÚÂ˜). √ ¶›Ó·Î·˜ 2 ‰Â›-
¯ÓÂÈ Ù· Â›Â‰· ‰‡Ó·ÌË˜ Ì›· ÒÚ· ÌÂÙ¿ ÙËÓ ¤ÎÙ·Û‹ ÙÔ˘˜,
Ô ¶›Ó·Î·˜ 3 ÙË ‰‡Ó·ÌË 12 ÒÚÂ˜ ÌÂÙ¿ ÙËÓ ‰È¿Ù·ÛË Î·È
Ô ¶›Ó·Î·˜ 4, 24 ÒÚÂ˜ ÌÂÙ¿ ÙËÓ ¤ÎÙ·ÛË. ™ÙÔÓ ¶›Ó·Î·
5 ·ÚÔ˘ÛÈ¿ Ô̇ÓÙ·È Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÙÔ˘ ÂÈÚ¿Ì·ÙÔ˜ ÁÈ·
ÙËÓ ·ÒÏÂÈ· ‰‡Ó·ÌË˜ 1 Â‚‰ÔÌ¿‰· ÌÂÙ¿ ÙËÓ ·Ú¯ÈÎ‹
¤ÎÙ·ÛË ÂÓÒ ÛÙÔÓ ¶›Ó·Î· 6 Ê·›ÓÔÓÙ·È Ù· Â›Â‰· ‰‡Ó·-

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 ·=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 stretching, 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 after initial stretching and Table 6
shows force levels 2 weeks later. Due to the minimal
changes that followed chain stretching during the 2-
week period and because the force decay model
remained the same, further continuation of the
experiment was not considered necessary.
Due to 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 time-force 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

F24=F0– (1-e–ct)-dt
Where:
F0: force released immediately after stretching
c: the slope of the non-straight section of the curve
(corresponding to the initial steep force decay)
d: curve slope corresponding to late force decay
during the 24-hour time period, and 
t: time.

According to the equation, t=0 corresponds to F0,
which is compatible with natural phenomena. Force
values found during 24-hour periods were recorded
and graphically represented. Value c (non-linear 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 to follow a pattern
similar to that of steep relaxation (c) described in Table
7. However, in this case the gradient is by far less
than that of the non-linear curve in Table 7, revealing
a decreased tendency of the force decay rate
compared to initial force decay.
Figure 4 provides comparative force-time curves for
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r>0.999

ÌË˜ 2 Â‚‰ÔÌ¿‰Â˜ ÌÂÙ¿ ÙËÓ ¤ÎÙ·ÛË. §fiÁˆ ÙˆÓ ÂÏ·¯›ÛÙˆÓ
·ÏÏ·ÁÒÓ Ô˘ ·ÎÔÏÔ‡ıËÛ·Ó ÙËÓ ¤ÎÙ·ÛË ÙˆÓ ·Ï˘Û›‰ˆÓ
ÛÙË ‰È¿ÚÎÂÈ· ÙˆÓ 2 Â‚‰ÔÌ¿‰ˆÓ Î·È ÏfiÁˆ ÙË˜ ‰È·Ù‹ÚË-
ÛË˜ ÙÔ˘ ›‰ÈÔ˘ ÌÔÓÙ¤ÏÔ˘ ·ÒÏÂÈ·˜ ‰‡Ó·ÌË˜, ‰Â ıÂˆÚ‹-
ıËÎÂ ··Ú·›ÙËÙË Ë ÂÚ·ÈÙ¤Úˆ Û˘Ó¤¯ÈÛË ÙÔ˘ ÂÈÚ¿Ì·ÙÔ˜.
∂ÂÈ‰‹ Ë ÙÒÛË ‰‡Ó·ÌË˜ ÙˆÓ ÚÒÙˆÓ ˆÚÒÓ Â›Ó·È ÌË
ÁÚ·ÌÌÈÎ‹, Û¯Â‰fiÓ ÂÎıÂÙÈÎ‹, Ô ˘ÔÏÔÁÈÛÌfi˜ ·˘Ù‹˜ ÙË˜
·ÒÏÂÈ·˜ ÛÙÔ Û˘ÁÎÂÎÚÈÌ¤ÓÔ ÙÌ‹Ì· ÙË˜ ÁÚ·ÊÈÎ‹˜ ·Ú¿-
ÛÙ·ÛË˜ ¤¯ÂÈ ÚÔÛÂÏÎ‡ÛÂÈ ÙÔ ÂÓ‰È·Ê¤ÚÔÓ ÔÏÏÒÓ ÂÚÂ˘-
ÓËÙÒÓ (Brantley Î·È Û˘Ó., 1979). ∏ Î·Ì‡ÏË ÙË˜ ‰‡Ó·-
ÌË˜ ÛÂ Û˘Ó¿ÚÙËÛË ÌÂ ÙÔ ¯ÚfiÓÔ ÛÂ ‰È¿ÛÙËÌ· 24 ˆÚÒÓ
¤¯ÂÈ ÌÈ· ·Ú¯ÈÎ‹ ÂÎıÂÙÈÎ‹ ÎÏ›ÛË Î·È ‰Â˘ÙÂÚÂ˘fiÓÙˆ˜ ÌÈ·
‡ÛÙÂÚË Î·È  ÏÈÁfiÙÂÚÔ ÔÍÂ›· ÎÏ›ÛË. ∏ ·ÓÂ‡ÚÂÛË ÙË˜
‰‡Ó·ÌË˜ Î·Ù¿ ÙÔ ‰È¿ÛÙËÌ· 24 ˆÚÒÓ (F24) ‚Ú¤ıËÎÂ fiÙÈ
·ÎÔÏÔ˘ıÂ› ¤Ó· ÚfiÙ˘Ô Ô˘ ÂÚÈÁÚ¿ÊÂÙ·È ·fi ÙËÓ ÂÍ›-
ÛˆÛË

F24=F0– (1-e–ct)-dt
fiÔ˘:
F0: Ë ‰‡Ó·ÌË Ô˘ ·ÂÏÂ˘ıÂÚÒÓÂÙ·È ·Ì¤Ûˆ˜ ÌÂÙ¿ ÙËÓ
¤ÎÙ·ÛË
c: Ë ÎÏ›ÛË ÙÔ˘ ÌË Â˘ı¤Ô˜ ÙÌ‹Ì·ÙÔ˜ ÙË˜ Î·Ì‡ÏË˜ (Ô˘
·ÓÙÈÛÙÔÈ¯Â› ÛÙËÓ ·Ú¯ÈÎ‹ ÔÍÂ›· ÙÒÛË ÙË˜ ‰‡Ó·ÌË˜), 
d: Ë ÎÏ›ÛË ÙË˜ Î·Ì‡ÏË˜ Ô˘ ·ÓÙÈÛÙÔÈ¯Â› ÛÙËÓ ‡ÛÙÂÚË
·ÒÏÂÈ· ‰‡Ó·ÌË˜ Ô˘ ·ÚÔ˘ÛÈ¿ Â̇Ù·È  ÛÙË ‰È¿ÚÎÂÈ· ÙˆÓ
24 ˆÚÒÓ Î·È

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
non-linear sections have been removed from the main
part of the curve. Generally, force decay of
elastomeric chains follows a pattern characterized by
2 parts: an abrupt initial decay (in 1-12 hours)
followed by a curve of less steep gradient.
Researchers are mostly interested in the first section
due to the increased tendency for force decay. It was
found that chain pre-stretching 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 stretching is not affected by
this process.
Despite the volume of data resulting from different
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∂ÈÎ. 3. ¢È¿ÁÚ·ÌÌ· ‚·ıÌÔÓfiÌËÛË˜ (calibration) ÙË˜ Û˘ÛÎÂ˘‹˜.

Fig. 3. Appliance calibration diagram.
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¶›Ó·Î·˜ 1. ¢‡Ó·ÌË ·Ó·ÊÔÚ¿˜ (t=0) Î·Ù¿ ÙËÓ ¤ÎÙ·ÛË ÙˆÓ
ÂÏ·ÛÙÔÌÂÚÒÓ ·Ï˘Û›‰ˆÓ.
Table 1. Initial force (t=0) during elastomeric chain
stretching.

* M¤ÛÂ˜ ÙÈÌ¤˜ ÌÂ ›‰È· ÁÚ¿ÌÌ·Ù· ‰ÂÓ Â›Ó·È ÛÙ·ÙÈÛÙÈÎ¿ ‰È·ÊÔÚÂÙÈÎ¤˜ ÛÂ
Â›Â‰Ô ÛËÌ·ÓÙÈÎfiÙËÙ·˜  ·=0.05.
* Mean values with similar letters are not statistically different at level of
significance ·=0.05.

Closed/Open ¢YNAMH TUKEY
KÏÂÈÛÙ‹/AÓÔÈÎÙ‹ FORCE (g) GROUPING*

–x S.D.

C/K 237.2 19.1 A

O/A 211.1 14.1 A

¶›Ó·Î·˜ 2. ¢‡Ó·ÌË 1 ÒÚ· ÌÂÙ¿ ÙËÓ ¤ÎÙ·ÛË ÙˆÓ ÂÏ·ÛÙÔÌÂ-
ÚÒÓ ·Ï˘Û›‰ˆÓ. 
Table 2. Force value 1 hour after elastomeric chain stretching.

* M¤ÛÂ˜ ÙÈÌ¤˜ ÌÂ ›‰È· ÁÚ¿ÌÌ·Ù· ‰ÂÓ Â›Ó·È ÛÙ·ÙÈÛÙÈÎ¿ ‰È·ÊÔÚÂÙÈÎ¤˜ ÛÂ
Â›Â‰Ô ÛËÌ·ÓÙÈÎfiÙËÙ·˜  ·=0.05.
* Mean values with similar letters are not statistically different at level of
significance ·=0.05.

Closed/Open ¢YNAMH TUKEY
KÏÂÈÛÙ‹/AÓÔÈÎÙ‹ FORCE (g) GROUPING*

–x S.D.

C/K 235.3 17.2 A

O/A 208.3 19.7 A

¶›Ó·Î·˜ 3. ¢‡Ó·ÌË 12 ÒÚÂ˜ ÌÂÙ¿ ÙËÓ ¤ÎÙ·ÛË ÙˆÓ ÂÏ·ÛÙÔ-
ÌÂÚÒÓ ·Ï˘Û›‰ˆÓ.
Table 3. Force value 12 hours after elastomeric chain
stretching.

* M¤ÛÂ˜ ÙÈÌ¤˜ ÌÂ ›‰È· ÁÚ¿ÌÌ·Ù· ‰ÂÓ Â›Ó·È ÛÙ·ÙÈÛÙÈÎ¿ ‰È·ÊÔÚÂÙÈÎ¤˜ ÛÂ
Â›Â‰Ô ÛËÌ·ÓÙÈÎfiÙËÙ·˜  ·=0.05.
* Mean values with similar letters are not statistically different at level of
significance ·=0.05.

Closed/Open ¢YNAMH TUKEY
KÏÂÈÛÙ‹/AÓÔÈÎÙ‹ FORCE (g) GROUPING*

–x S.D.

C/K 226.3 16.5 A

O/A 202.2 19.7 A

¶›Ó·Î·˜ 4. ¢‡Ó·ÌË 24 ÒÚÂ˜ ÌÂÙ¿ ÙËÓ ¤ÎÙ·ÛË ÙˆÓ ÂÏ·ÛÙÔ-
ÌÂÚÒÓ ·Ï˘Û›‰ˆÓ.
Table 4. Force value 24 hours after elastomeric chain
stretching.

* M¤ÛÂ˜ ÙÈÌ¤˜ ÌÂ ›‰È· ÁÚ¿ÌÌ·Ù· ‰ÂÓ Â›Ó·È ÛÙ·ÙÈÛÙÈÎ¿ ‰È·ÊÔÚÂÙÈÎ¤˜ ÛÂ
Â›Â‰Ô ÛËÌ·ÓÙÈÎfiÙËÙ·˜  ·=0.05.
* Mean values with similar letters are not statistically different at level of
significance ·=0.05.

Closed/Open ¢YNAMH TUKEY
KÏÂÈÛÙ‹/AÓÔÈÎÙ‹ FORCE (g) GROUPING*

–x S.D.

C/K 224.2 15.2 A

O/A 200.2 18.7 A

¶›Ó·Î·˜ 5. ¢‡Ó·ÌË 1 Â‚‰ÔÌ¿‰· ÌÂÙ¿ ÙËÓ ¤ÎÙ·ÛË ÙˆÓ ÂÏ·-
ÛÙÔÌÂÚÒÓ ·Ï˘Û›‰ˆÓ.
Table 5. Force value 1 week after elastomeric chain
stretching.

* M¤ÛÂ˜ ÙÈÌ¤˜ ÌÂ ›‰È· ÁÚ¿ÌÌ·Ù· ‰ÂÓ Â›Ó·È ÛÙ·ÙÈÛÙÈÎ¿ ‰È·ÊÔÚÂÙÈÎ¤˜ ÛÂ
Â›Â‰Ô ÛËÌ·ÓÙÈÎfiÙËÙ·˜  ·=0.05.
* Mean values with similar letters are not statistically different at level of
significance ·=0.05.

Closed/Open ¢YNAMH TUKEY
KÏÂÈÛÙ‹/AÓÔÈÎÙ‹ FORCE (g) GROUPING*

–x S.D.

C/K 212.2 16.5 A

O/A 208.4 16.3 A

¶›Ó·Î·˜ 6. ¢‡Ó·ÌË 2 Â‚‰ÔÌ¿‰Â˜ ÌÂÙ¿ ÙËÓ ¤ÎÙ·ÛË ÙˆÓ ÂÏ·-
ÛÙÔÌÂÚÒÓ ·Ï˘Û›‰ˆÓ.
Table 6. Force value 2 weeks after elastomeric chain
stretching.

* M¤ÛÂ˜ ÙÈÌ¤˜ ÌÂ ›‰È· ÁÚ¿ÌÌ·Ù· ‰ÂÓ Â›Ó·È ÛÙ·ÙÈÛÙÈÎ¿ ‰È·ÊÔÚÂÙÈÎ¤˜ ÛÂ
Â›Â‰Ô ÛËÌ·ÓÙÈÎfiÙËÙ·˜  ·=0.05.
* Mean values with similar letters are not statistically different at level of
significance ·=0.05.

Closed/Open ¢YNAMH TUKEY
KÏÂÈÛÙ‹/AÓÔÈÎÙ‹ FORCE (g) GROUPING*

–x S.D.

C/K 210.2 16.5 A

O/A 194.2 19.7 A
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t: ¯ÚfiÓÔ˜

µ¿ÛÂÈ ÙË˜ ÂÍ›ÛˆÛË˜, ÛÂ t=0 ·ÓÙÈÛÙÔÈ¯Â› ‰‡Ó·ÌË F0,
Ú¿ÁÌ· Ô˘ Â›Ó·È ÛÂ Û˘ÌÊˆÓ›· ÌÂ Ù· Ê˘ÛÈÎ¿ Ê·ÈÓfiÌÂ-
Ó·. √È ÙÈÌ¤˜ ‰‡Ó·ÌË˜ Ô˘ ·ÓÂ˘Ú›ÛÎÔÓÙ·È ÛÂ ‰È·ÛÙ‹Ì·-
Ù· 24 ˆÚÒÓ Î·ÙÂÁÚ¿ÊËÛ·Ó Î·È ·Ó··Ú·ÛÙ¿ıËÎ·Ó
ÁÚ·ÊÈÎ¿ Î·È ·fi ÙÈ˜ ·ÓÙ›ÛÙÔÈ¯Â˜ ÂÍÈÛÒÛÂÈ˜ Ô˘ ÂÚÈ-
ÁÚ¿ÊÔ˘Ó ÙËÓ Î¿ıÂ Î·Ì‡ÏË ˘ÔÏÔÁ›ÛÙËÎÂ Ë ÙÈÌ‹ c (ÌË
ÁÚ·ÌÌÈÎ‹ ·Ú¯ÈÎ‹ ÎÏ›ÛË). ∏ ÛÙ·ÙÈÛÙÈÎ‹ ·Ó¿Ï˘ÛË ÙˆÓ ·Ô-
ÙÂÏÂÛÌ¿ÙˆÓ ÁÈ· ÙËÓ ÎÏ›ÛË ÙË˜ Î·Ì‡ÏË˜ Ê·›ÓÂÙ·È ÛÙÔÓ
¶›Ó·Î· 7. √ Ú˘ıÌfi˜ ·ÒÏÂÈ·˜ ‰‡Ó·ÌË˜ Ô˘ ·ÓÙÈÛÙÔÈ-
¯Â› ÛÙËÓ ‡ÛÙÂÚË ÎÏ›ÛË (d) Ô˘ Ê·›ÓÂÙ·È ÛÙÔÓ ¶›Ó·Î· 8
ÌÔÈ¿ Â̇È Ó· ·ÎÔÏÔ˘ıÂ› ÙÔ ›‰ÈÔ ÚfiÙ˘Ô ÌÂ ÂÎÂ›ÓÔ ÙË˜
ÔÍÂ›·˜ ¯¿Ï·ÛË˜ (c) Ô˘ ÂÚÈÁÚ¿ÊÂÙ·È ÛÙÔÓ ¶›Ó·Î· 7.
øÛÙfiÛÔ, ÛÙËÓ ÂÚ›ÙˆÛË ·˘Ù‹ Ë ÎÏ›ÛË Â›Ó·È ˘ÔÔÏÏ·-
Ï¿ÛÈ· ÌÈÎÚfiÙÂÚË ·fi ·˘Ù‹ ÙË˜ ÌË ÁÚ·ÌÌÈÎ‹˜ Î·Ì‡-
ÏË˜ ÙÔ˘ ¶›Ó·Î· 7, Ê·ÓÂÚÒÓÔÓÙ·˜ ÌÂÈˆÌ¤ÓË Ù¿ÛË ÛÙÔÓ
Ú˘ıÌfi ·ÒÏÂÈ·˜ ‰‡Ó·ÌË˜ ÛÂ Û‡ÁÎÚÈÛË ÌÂ ÙËÓ ·Ú¯ÈÎ‹
·ÒÏÂÈ·.
∏ ÂÈÎfiÓ· 4 ·Ú¤¯ÂÈ Û˘ÁÎÚÈÙÈÎ¤˜ Î·Ì‡ÏÂ˜ ‰‡Ó·ÌË˜-
¯ÚfiÓÔ˘ ÁÈ· ÙÈ˜ ÚÒÙÂ˜ 24 ÒÚÂ˜, ÁÈ· ‰ÔÎ›ÌÈ· ·Ï˘Û›‰ˆÓ
Ormco ÎÏÂÈÛÙÔ‡ Î·È ·ÓÔÈÎÙÔ‡ Ù‡Ô˘ ÂÓÒ Ë ∂ÈÎ. 5 ·ÚÈ-
ÛÙ¿ ÙÈ˜ Î·Ì‡ÏÂ˜ ÌÂÙ¿ ·fi ÂÂÍÂÚÁ·Û›· fiÔ˘ ‰È·ÎÚ›-
ÓÔÓÙ·È 2 ÙÌ‹Ì·Ù· ÙË˜ Î·Ì‡ÏË˜.

™YZHTH™H

ªÈ· ÛËÌ·ÓÙÈÎ‹ ·Ú·Ù‹ÚËÛË Â›Ó·È fiÙÈ ÙÔ ÌÂÁ·Ï‡ÙÂÚÔ
Ì¤ÚÔ˜ ÙË˜ ·ÒÏÂÈ·˜ ‰‡Ó·ÌË˜ ÂÌÊ·Ó›ÛÙËÎÂ Ì¤Û· ÛÙÈ˜
ÚÒÙÂ˜ 3 ÒÚÂ˜ (<200 ÏÂÙ¿) fiˆ˜ Ê·›ÓÂÙ·È ÛÙËÓ ÂÈÎfi-
Ó· 5, fiÔ˘ Ù· ÌË ÁÚ·ÌÌÈÎ¿ ÙÌ‹Ì·Ù· ÙË˜ Î·Ì‡ÏË˜ ·Ô-
Û¿ÛÙËÎ·Ó ÙÂ¯ÓËÙ¿ ·fi ÙÔ Î‡ÚÈÔ Ì¤ÚÔ˜ ÙË˜. ™Â ÁÂÓÈÎ¤˜
ÁÚ·ÌÌ¤˜, Ë ·ÒÏÂÈ· ‰‡Ó·ÌË˜ ÙˆÓ ÂÏ·ÛÙÔÌÂÚÒÓ ·Ï˘Û›-
‰ˆÓ ·ÚÔ˘ÛÈ¿ Â̇È ¤Ó· ÚfiÙ˘Ô Ô˘ ¯·Ú·ÎÙËÚ› Â̇Ù·È ·fi
2 ÙÌ‹Ì·Ù·: ÌÈ· ·fiÙÔÌË ·Ú¯ÈÎ‹ ÙÒÛË (ÛÂ 1-12 ÒÚÂ˜)
Ô˘ ·ÎÔÏÔ˘ıÂ›Ù·È ·fi ÌÈ· Î·Ì‡ÏË ÌÂÈˆÌ¤ÓË˜ ÎÏ›ÛË˜.

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 its 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
environment 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 stress induced by in vitro chain
manipulation. During each recording the elastomer
must be released from the support, re-stretched by
50% of its initial length using a dynamometer and,
finally, it must be stretched once again to be
repositioned onto the support. It is expected that
elastomeric behavior is significantly affected because
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¶›Ó·Î·˜ 7. ∞Ú¯ÈÎ‹, ÌË ÁÚ·ÌÌÈÎ‹ ÎÏ›ÛË ÙË˜ Î·Ì‡ÏË˜ ÙÒÛË˜
‰‡Ó·ÌË˜ ÙˆÓ ÂÏ·ÛÙÔÌÂÚÒÓ ·Ï˘Û›‰ˆÓ Î·Ù¿ ÙÔ ÚÒÙÔ 24-ˆÚÔ. 
Table 7. Initial non-linear slope of force decay curve of
elastomeric chains during the first 24 hours.

* M¤ÛÂ˜ ÙÈÌ¤˜ ÌÂ ›‰È· ÁÚ¿ÌÌ·Ù· ‰ÂÓ Â›Ó·È ÛÙ·ÙÈÛÙÈÎ¿ ‰È·ÊÔÚÂÙÈÎ¤˜ ÛÂ
Â›Â‰Ô ÛËÌ·ÓÙÈÎfiÙËÙ·˜  ·=0.05
* Mean values with similar letters are not statistically different at level of
significance ·=0.05.

Closed/Open K§I™H R2 TUKEY
KÏÂÈÛÙ‹/AÓÔÈÎÙ‹ SLOPE (d) GROUPING*

–x S.D.

C/K 0.020 0.01 0.969 A

O/A 0.019 0.01 0.974 A

¶›Ó·Î·˜ 8. ⁄ÛÙÂÚË ÎÏ›ÛË ÙË˜ Î·Ì‡ÏË˜ ÙÒÛË˜ ‰‡Ó·ÌË˜
ÙˆÓ ÂÏ·ÛÙÔÌÂÚÒÓ ·Ï˘Û›‰ˆÓ Î·Ù¿ ÙÔ ÚÒÙÔ 24-ˆÚÔ.
Table 8. Late slope of force decay curve of elastomeric chains
during the first 24 hours.

* M¤ÛÂ˜ ÙÈÌ¤˜ ÌÂ ›‰È· ÁÚ¿ÌÌ·Ù· ‰ÂÓ Â›Ó·È ÛÙ·ÙÈÛÙÈÎ¿ ‰È·ÊÔÚÂÙÈÎ¤˜ ÛÂ
Â›Â‰Ô ÛËÌ·ÓÙÈÎfiÙËÙ·˜  ·=0.05
* Mean values with similar letters are not statistically different at level of
significance ·=0.05.

Closed/Open K§I™H TUKEY
KÏÂÈÛÙ‹/AÓÔÈÎÙ‹ SLOPE (d) GROUPING*

–x S.D.

C/K 0.0044 0.002 A

O/A 0.0043 0.002 A
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∂ÈÎ. 4. ¢È¿ÁÚ·ÌÌ· ‰‡Ó·ÌË-¯ÚfiÓÔ˘ ÂÏ·ÛÙÔÌÂÚÒÓ ·Ï˘Û›‰ˆÓ Î·Ù¿ ÙÔ ÚÒÙÔ 24-ˆÚÔ fiÔ˘ Ê·›ÓÂÙ·È Ë ·ÚÔ˘Û›· ‰‡Ô ÎÏ›ÛÂˆÓ: ÌÈ·˜
ÌË ÁÚ·ÌÌÈÎ‹˜ ·Ú¯ÈÎ‹˜ fiÔ˘ Ë ÙÒÛË Â›Ó·È ÂÎıÂÙÈÎ‹ Î·È Ì›·˜ ÌÈÎÚfiÙÂÚË˜ ÎÏ›ÛË˜ (Î·È Ú˘ıÌÔ‡ ÙÒÛË˜).

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).
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∆Ô ÂÓ‰È·Ê¤ÚÔÓ ÙˆÓ ÂÚÂ˘ÓËÙÒÓ ¤¯ÂÈ ÛÙÚ·ÊÂ› ÛÙÔ ·Ú¯ÈÎfi
ÙÌ‹Ì·, ÏfiÁˆ  ÙË˜ ÌÂÁ¿ÏË˜ Ù¿ÛË˜ ÁÈ· ·ÒÏÂÈ· ‰‡Ó·ÌË˜.
∏ ÚÔÂÚÁ·Û›· ÌÂ ¤ÎÙ·ÛË (pre-stretching) ÙˆÓ ·Ï˘Û›‰ˆÓ
‚Ú¤ıËÎÂ fiÙÈ ÌÂÈÒÓÂÈ ÙËÓ ÎÏ›ÛË ÙË˜ ÔÍÂ›·˜ ÙÒÛË˜ ÙË˜
‰‡Ó·ÌË˜, ·ÔÌ·ÎÚ‡ÓÔÓÙ·˜ ÙÈ˜ ˘„ËÏ¤˜ ÙÈÌ¤˜ Î·È ¯·ÌË-
ÏÒÓÔÓÙ·˜ ÌÂ ÙÔÓ ÙÚfiÔ ·˘Ùfi ÙËÓ ÎÔÚ˘Ê‹ ÙˆÓ ÂÈ¤‰ˆÓ
‰‡Ó·ÌË˜ (Brantley Î·È Û˘Ó., 1979). ã∂ÙÛÈ, Î·Ù’·Ó¿ÁÎË
Ë ‰‡Ó·ÌË Ô˘ ‰¤¯ÔÓÙ·È Ù· ‰fiÓÙÈ· ÙÈ˜ ÚÒÙÂ˜ 24 ÒÚÂ˜
ÌÂÙ¿ ÙËÓ ¤ÎÙ·ÛË ÙˆÓ ·Ï˘Û›‰ˆÓ ‰ÂÓ ÂËÚÂ¿ Â̇Ù·È ·fi ·˘Ù‹
ÙËÓ ÚÔÂÚÁ·Û›·.
¶·Ú¿ ÙËÓ ·ÊıÔÓ›· ‰Â‰ÔÌ¤ÓˆÓ ·Ó·ÊÔÚÈÎ¿ ÌÂ ÙËÓ ·Ò-
ÏÂÈ· ÙË˜ ·ÂÏÂ˘ıÂÚÔ‡ÌÂÓË˜ ‰‡Ó·ÌË˜ ·fi ÙÈ˜ ÂÏ·ÛÙÔ-
ÌÂÚÂ›˜ ·Ï˘Û›‰Â˜ Ô˘ ÚÔ¤Î˘„Â ·fi ÙÈ˜ ‰È¿ÊÔÚÂ˜ ÂÚÂ˘-
ÓËÙÈÎ¤˜ ÚÔÛ¿ıÂÈÂ˜ ÙˆÓ ÙÂÏÂ˘Ù·›ˆÓ 3 ‰ÂÎ·ÂÙÈÒÓ, ‰ÂÓ
¤¯ÂÈ ÚÔÙ·ıÂ› ·ÎfiÌ· ÌÈ· ¤ÁÎ˘ÚË Î·È ·ÍÈfiÈÛÙË Ì¤ıÔ‰Ô˜
ÁÈ· ÙË ÌÂÏ¤ÙË ·˘Ù‹˜ ÙË˜ ·Ú·Ì¤ÙÚÔ˘. ∏ Û¯ÂÙÈÎ‹ ‚È‚ÏÈÔ-
ÁÚ·Ê›· ‚·ÛÈÎ¿ ·Ú·ı¤ÙÂÈ ÙÚÂÈ˜ ÌÂıfi‰Ô˘˜ ÌÂÏ¤ÙË˜ ÙË˜
ÔÌ·ÏÔÔ›ËÛË˜ ‰‡Ó·ÌË˜ ÙˆÓ ÂÏ·ÛÙÔÌÂÚÒÓ ·Ï˘Û›‰ˆÓ. ∏
ÚÒÙË ÂÚÈÏ·Ì‚¿ÓÂÈ ¤ÎÙ·ÛË ÙÔ˘ ÂÏ·ÛÙÔÌÂÚÔ‡˜ ÌÂ ÚfiÛ-
‰ÂÛË ÙˆÓ ÙÂÚÌ·ÙÈÎÒÓ ÎÚ›ÎˆÓ ÛÂ ÛÙËÚ›ÁÌ·Ù· ÙÔÔıÂÙËÌ¤-
Ó· ¿Óˆ ÛÂ ¤Ó· Ï·›ÛÈÔ (Ferriter Î·È Û˘Ó., 1990; de
Genova Î·È Û˘Ó.,1985). ∏ ÂÈÏÔÁ‹ ÙÔ˘ Ì‹ÎÔ˘˜ ÙË˜
·Ï˘Û›‰·˜ Á›ÓÂÙ·È ÒÛÙÂ Ë ·Ï˘Û›‰· Ó· ÂÎÙÂ›ÓÂÙ·È Î·Ù¿ 50-
60% ¤Ú·Ó ÙÔ˘ ·Ú¯ÈÎÔ‡ Ì‹ÎÔ˘˜. ™Â Î¿ÔÈÂ˜ ¤ÚÂ˘ÓÂ˜ Ë
·fiÛÙ·ÛË ·Ó¿ÌÂÛ· ÛÙ· ÛÙËÚ›ÁÌ·Ù· ÌÂÈÒÓÂÙ·È ÌÂ Ú˘ıÌfi

repeated stresses lead to chain fatigue. Alternatively,
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 data analysis. 
Furthermore, reliability of tooth movement simulation is
low since tooth movement cannot be approximated at
a steady rate of 0.5 mm/week. The classic studies of
Reitan showed that the rate of tooth movement is
individualized, it generally reaches its peak within 35-
40 days and, clearly, is not directly time-related
(Graber and Swain, 1975). 
The other two methods use mechanical control
appliances to 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
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∂ÈÎ. 5. ∂ÂÍÂÚÁ·ÛÌ¤ÓË ¿Ô„Ë ÙË˜ ∂ÈÎ. 4 ÌÂ ‰È·¯ˆÚÈÛÌfi ÙˆÓ ‰‡Ô ÙÌËÌ¿ÙˆÓ ÙË˜ Î·Ì‡ÏË˜. º·›ÓÂÙ·È fiÙÈ Ë ÂÎıÂÙÈÎ‹ ÙÒÛË Ï·Ì-
‚¿ÓÂÈ ¯ÒÚ· ‹‰Ë ·fi ÙÔ ÚÒÙÔ 3-ˆÚÔ ÙË˜ ‰È¿Ù·ÛË˜.  

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.
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0.5 ¯ÈÏ. ·Ó¿ Â‚ÔÌ¿‰· (de Genova Î·È Û˘Ó., 1985).
¶ÂÚÈÔ‰ÈÎ¿, ÙÔ ¤Ó· ¿ÎÚÔ ÙË˜ ·Ï˘Û›‰·˜ ·ÔÛ˘Ó‰¤ÂÙ·È
·fi ÙÔ ÛÙ‹ÚÈÁÌ· Î·È Ë ··ÈÙÔ‡ÌÂÓË ‰‡Ó·ÌË ÁÈ· Ó· ÂÎÙÂ›-
ÓÂÈ ÙËÓ ·Ï˘Û›‰· ÛÙÔ ÚÔËÁÔ‡ÌÂÓÔ Ì‹ÎÔ˜-¤ÎÙ·ÛË˜ Î·Ù·-
ÁÚ¿ÊÂÙ·È ÌÂ ÙË ‚Ô‹ıÂÈ· ‰˘Ó·ÌÔÌ¤ÙÚÔ˘. ∞Ó Î·È Ë Ì¤ıÔ-
‰Ô˜ ·˘Ù‹ ÂÈÙÚ¤ÂÈ ÙË ÌÂÏ¤ÙË ÙˆÓ ‰È·Î˘Ì¿ÓÛÂˆÓ ÙË˜
‰‡Ó·ÌË˜ ÛÂ ÂÏÂÁ¯fiÌÂÓÔ ÂÚÈ‚¿ÏÏÔÓ, Ô˘ ‰ÈÂ˘ÎÔÏ‡ÓÂ-
Ù·È ÌÂ ÙËÓ ÂÌ‚‡ıÈÛË ÙÔ˘ fiÏÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ ÛÂ ‰È¿ÊÔÚ·
Ì¤Û· fiˆ˜ ÙÂ¯ÓËÙfi Û¿ÏÈÔ (von Fraunhofer Î·È Û˘Ó.,
1992), ¤¯ÂÈ ‰‡Ô ‚·ÛÈÎ¤˜ ·‰˘Ó·Ì›Â˜. ∏ ÚÒÙË ¤¯ÂÈ
Û¯¤ÛË ÌÂ ÙËÓ ¤ÏÏÂÈ„Ë Û˘ÓÂ¯ÒÓ ‰Â‰ÔÌ¤ÓˆÓ, ÏfiÁˆ ÙË˜
ÂÚÈÔ‰ÈÎ‹˜ Î·Ù·ÁÚ·Ê‹˜ ÙˆÓ ÂÈ¤‰ˆÓ ‰‡Ó·ÌË˜. √È
ÌÂÙÚ‹ÛÂÈ˜ Á›ÓÔÓÙ·È Û˘Ó‹ıˆ˜ ÙËÓ ÚÒÙË, ¤ÎÙË, ‰ˆ‰¤Î·ÙË
ÒÚ· ÌÂÙ¿ ÙËÓ ¤ÎÙ·ÛË Î·È ·ÎÔÏÔ˘ıÔ‡ÓÙ·È ·fi Â‚‰ÔÌ·-
‰È·›Â˜ ÌÂÙÚ‹ÛÂÈ˜ Î·ı’fiÏË ÙË ‰È¿ÚÎÂÈ· ÙË˜ ÌÂÏ¤ÙË˜, Ô˘
Û˘Ó‹ıˆ˜ ‰È·ÚÎÂ› 2-3 Â‚‰ÔÌ¿‰Â˜ (Ash Î·È ¡ikolai,
1978). ∫·Ù¿ Û˘Ó¤ÂÈ· Ë Î·Ù·ÛÎÂ˘‹ ÙË˜ Î·Ì‡ÏË˜ ÔÌ·-
ÏÔÔ›ËÛË˜ ÙË˜ ‰‡Ó·ÌË˜ ÁÈ· ÙË ÌÂÁ·Ï‡ÙÂÚË ÂÚ›Ô‰Ô
ÌÂÏ¤ÙË˜ ‚·Û› Â̇Ù·È ÛÂ ÚÔÛÂÁÁ›ÛÂÈ˜.
∞ÎfiÌ· ÌÂÁ·Ï‡ÙÂÚË˜ ÛËÌ·Û›·˜ Â›Ó·È ÙÔ ÁÂÁÔÓfi˜ fiÙÈ Ë
Ì¤ıÔ‰Ô˜ ÂÓ¤¯ÂÈ ÙË ¯Ú‹ÛË Ù¿ÛË˜ ÚÔÎ·ÏÔ‡ÌÂÓË˜ ·fi
ÂÚÁ·ÛÙËÚÈ·Îfi ¯ÂÈÚÈÛÌfi ÙˆÓ ·Ï˘Û›‰ˆÓ. ∫·Ù¿ ÙË ‰È¿ÚÎÂÈ·
Î¿ıÂ Î·Ù·ÁÚ·Ê‹˜ ÙÔ ÂÏ·ÛÙÔÌÂÚ¤˜ Ú¤ÂÈ Ó· ·ÂÏÂ˘ıÂ-
ÚˆıÂ› ·fi ÙÔ ÛÙ‹ÚÈÁÌ·, Ó· Â·ÓÂÎÙ·ıÂ› ·fi ‰˘Ó·Ìfi-
ÌÂÙÚÔ ÛÙÔ 50% ÙÔ˘ ·Ú¯ÈÎÔ‡ Ì‹ÎÔ˘˜,ÒÛÙÂ Ó· ÌÂÙÚËıÂ› Ë

and appliance hook, specimen stretching and
unloading for 30 minutes. The force necessary for
maintaining chain stretching is recorded and
compared to 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
minutes) which represent only a fraction of their
continuous intra-oral function and consequent re-
loading are inappropriate and cannot reliably control
material performance. 
Over-manipulation of elastomeric chains is probably
responsible for high rates 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 latex elastics came to 25%.
Already in the first publications dealing with this issue,
clinicians had difficulties explaining the paradox of
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‰‡Ó·ÌË Ô˘ ‰¤¯ÂÙ·È ÙÔ ‰˘Ó·ÌfiÌÂÙÚÔ, Î·È ÙÂÏÈÎ¿ Ó· ÂÎÙ·-
ıÂ› Í·Ó¿ ÁÈ· Ó· Â·Ó·ÙÔÔıÂÙËıÂ› ÛÙÔ ÛÙ‹ÚÈÁÌ·.
∂ÂÈ‰‹ ÔÈ Â·Ó·Ï·Ì‚·ÓfiÌÂÓÂ˜ Ù¿ÛÂÈ˜ ‰ËÌÈÔ˘ÚÁÔ‡Ó
Ê·ÈÓfiÌÂÓ· ÎfiˆÛË˜ ÙË˜ ·Ï˘Û›‰·˜, ·Ó·Ì¤ÓÂÙ·È Ë
Û˘ÌÂÚÈÊÔÚ¿ ÙÔ˘ ÂÏ·ÛÙÔÌÂÚÔ‡˜ Ó· ÂËÚÂ·ÛÙÂ› ÛËÌ·-
ÓÙÈÎ¿.  ∂Ó·ÏÏ·ÎÙÈÎ¿, Â›Ó·È ‰˘Ó·ÙfiÓ Ó· ¯ÚËÛÈÌÔÔÈËıÔ‡Ó
ÔÏÏ·Ï¿ ‰ÔÎ›ÌÈ· ÌÂ ÙËÓ Î¿ıÂ ·Ï˘Û›‰· Ó· ‰ÔÎÈÌ¿ Â̇Ù·È
ÌfiÓÔ ÌÈ· ÊÔÚ¿ ÁÈ· Î¿ıÂ ¯ÚÔÓÈÎ‹ ÂÚ›Ô‰Ô, ÒÛÙÂ Ó·
·ÔÊÂ˘¯ıÔ‡Ó ÔÈ ÂÈÙÒÛÂÈ˜ ÙË˜ ÎfiˆÛË˜. ∞Ó Î·È Ë
Ì¤ıÔ‰Ô˜ ·˘Ù‹ ¯ÚËÛÈÌÔÔÈÂ› ÌÈÎÚ¤˜ Ù¿ÛÂÈ˜ Î·Ù¿ ÙÈ˜
‰ÔÎÈÌ·Û›Â˜, Ë ¯Ú‹ÛË ÔÏÏ·ÏÒÓ ‰ÔÎÈÌ›ˆÓ ÁÈ· ÙËÓ Î·Ù·-
ÛÎÂ˘‹ ÌÈ·˜ ÌfiÓÔ Î·Ì‡ÏË˜ ÂÚÈÏ¤ÎÂÈ ÙË ‰È·‰ÈÎ·Û›·
·Ó¿Ï˘ÛË˜ ÙˆÓ ‰Â‰ÔÌ¤ÓˆÓ.
∂ÈÏ¤ÔÓ Ë ·ÍÈÔÈÛÙ›· ÙË˜ ·ÔÌ›ÌËÛË˜ ÙË˜ Ô‰ÔÓÙÈÎ‹˜
ÌÂÙ·Î›ÓËÛË˜ Â›Ó·È ÌÈÎÚ‹, ·ÊÔ‡ Ë Ô‰ÔÓÙÈÎ‹ ÌÂÙ·Î›ÓËÛË
‰ÂÓ ÌÔÚÂ› Ó· ÚÔÛÂÁÁÈÛÙÂ› ÌÂ ÛÙ·ıÂÚfi Ú˘ıÌfi 0.5
¯ÈÏ/Â‚‰. √È ÎÏ·ÛÛÈÎ¤˜ ÌÂÏ¤ÙÂ˜ ÙÔ˘ Reitan ¤‰ÂÈÍ·Ó fiÙÈ
Ô Ú˘ıÌfi˜ Ô‰ÔÓÙÈÎ‹˜ ÌÂÙ·Î›ÓËÛË˜ Â›Ó·È ÔÏ‡ ÂÍ·ÙÔÌÈ-
ÎÂ˘Ì¤ÓÔ˜, ÛÂ ÁÂÓÈÎ¤˜ ÁÚ·ÌÌ¤˜ ÊÙ¿ÓÂÈ ÛÙÔ Ì¤ÁÈÛÙÔ Ì¤Û·
ÛÂ 35-40 ËÌ¤ÚÂ˜ Î·È Û·ÊÒ˜ ‰ÂÓ Û˘Ó‰¤ÂÙ·È Â˘ı¤ˆ˜ ÌÂ
ÙÔ ¯ÚfiÓÔ (Graber Î·È Swain, 1975).
OÈ ¿ÏÏÂ˜ ‰‡Ô Ì¤ıÔ‰ÔÈ ¯ÚËÛÈÌÔÔÈÔ‡Ó Û˘ÛÎÂ˘¤˜ ÌË¯·-
ÓÈÎÔ‡ ÂÏ¤Á¯Ô˘ ÁÈ· Ó· ÌÂÏÂÙ‹ÛÔ˘Ó ÙËÓ ÔÌ·ÏÔÔ›ËÛË ÙË˜
‰‡Ó·ÌË˜ ÌÂ ‰È¿ÊÔÚÔ˘˜ ÙÚfiÔ˘˜. Œ¯ÂÈ ˘ÔÛÙËÚÈ¯ıÂ›
fiÙÈ Ë ÚfiÛ‰ÂÛË ÙÔ˘ Î¿ıÂ ÙÂÚÌ·ÙÈÎÔ‡ ÎÚ›ÎÔ˘ ÙË˜ ·Ï˘Û›-
‰·˜ ÛÙË ÛÙ·ıÂÚ‹ ‚¿ÛË Î·È ÙÔ ¿ÁÎÈÛÙÚÔ ÙÔ˘ ÌË¯·Ó‹Ì·-
ÙÔ˜ ÂÏ¤Á¯Ô˘,Ô˘ ·ÎÔÏÔ˘ıÂ›Ù·È ·fi ÙËÓ ¤Ó·ÚÍË ‰È·‰Ô-
¯ÈÎÒÓ Î‡ÎÏˆÓ ÊfiÚÙÈÛË˜ Î·È ·ÔÊfiÚÙÈÛË˜, ı· ÌÔÚÔ‡-
ÛÂ Ó· ¯ÚËÛÈÌÔÔÈËıÂ› ÁÈ· ÙË Ì¤ÙÚËÛË ÙË˜ ÔÌ·ÏÔÔ›Ë-
ÛË˜. ™Â ·˘Ù‹ ÙËÓ ÂÚ›ÙˆÛË Ë ·Ó·ÁÎ·›·, ÁÈ· Ó· ÂÈÊ¤-
ÚÂÈ ÙËÓ ·Ú¯ÈÎ‹ ¤ÎÙ·ÛË, ‰‡Ó·ÌË Î·Ù·ÁÚ¿ÊÂÙ·È ÌÂÙ¿ ·fi
¤Ó·Ó ‹ ÂÚÈÛÛfiÙÂÚÔ˘˜ Î‡ÎÏÔ˘˜ Î·È Û˘ÁÎÚ›ÓÂÙ·È ÌÂ ÙËÓ
·Ú¯ÈÎ‹ (Huget Î·È Û˘Ó., 1990).
√È von Fraunhofer Î·È Û˘Ó. (1992) ¯ÚËÛÈÌÔÔ›ËÛ·Ó
Ì¤ıÔ‰Ô Ô˘ ÂÚÈÂÏ¿Ì‚·ÓÂ ÚfiÛ‰ÂÛË ÙË˜ ÂÏ·ÛÙÈÎ‹˜
·Ï˘Û›‰·˜ ÛÙË ÛÙ·ıÂÚ‹ ‚¿ÛË Î·È ¿ÁÎÈÛÙÚÔ ÙÔ˘ ÌË¯·Ó‹-
Ì·ÙÔ˜, ¤ÎÙ·ÛË ÙÔ˘ ‰ÔÎÈÌ›Ô˘ Î·È ·Ó·ÛÙÔÏ‹ ·˘Ù‹˜ (·Ô-
ÊfiÚÙÈÛË) ÁÈ· 30 ÏÂÙ¿. ∏ ··ÈÙÔ‡ÌÂÓË ‰‡Ó·ÌË ÁÈ· ‰È·-
Ù‹ÚËÛË ÙË˜ ÚÔËÁÔ‡ÌÂÓË˜ ¤ÎÙ·ÛË˜ Î·Ù·ÁÚ¿ÊÂÙ·È Î·È
Û˘ÁÎÚ›ÓÂÙ·È ÌÂ ·˘Ù‹Ó ÚÈÓ ÙË ÊfiÚÙÈÛË.
¶Ú¤ÂÈ Ó· ÛËÌÂÈˆıÂ› fiÙÈ ÂÓÒ ÔÈ Ì¤ıÔ‰ÔÈ ·˘Ù¤˜ ¯ÚËÛÈ-
ÌÔÔÈÔ‡Ó ÂÚÈÛÛfiÙÂÚÔ ÚÔËÁÌ¤ÓÔ ÙÂ¯ÓÔÏÔÁÈÎfi ÂÍÔ-
ÏÈÛÌfi, ÛÂ Û‡ÁÎÚÈÛË ÌÂ ÙÈ˜ Î·Ù·ÁÚ·Ê¤˜ ¯ÂÈÚfi˜ ‚¿ÛÂÈ
‰˘Ó·ÌÔÌ¤ÙÚÔ˘, ·ÚÔ˘ÛÈ¿˙Ô˘Ó ÛÔ‚·Ú¤˜ ·Ù¤ÏÂÈÂ˜.
™˘ÁÎÂÎÚÈÌ¤Ó·, Ë ¯Ú‹ÛË Î‡ÎÏˆÓ ÊfiÚÙÈÛË˜-·ÔÊfiÚÙÈ-
ÛË˜ Â›Ó·È Èı·ÓÒ˜ ÂÍ ÔÚÈÛÌÔ‡ ¿Û¯ÂÙË ÙfiÛÔ ˆ˜ ÚÔ˜
ÙË ‰ÔÎÈÌ·Û›· ÔÌ·ÏÔÔ›ËÛË˜ fiÛÔ Î·È ˆ˜ ÚÔ˜ ÙÔ ÎÏÈ-
ÓÈÎfi ·Ó¿ÏÔÁÔ. ∂ÈÚfiÛıÂÙ·, Ë ·ÔÊfiÚÙÈÛË ÙˆÓ ˘ÏÈ-
ÎÒÓ ÁÈ· ÙfiÛÔ ÌÈÎÚ¤˜ ÂÚÈfi‰Ô˘˜, fiˆ˜ Â›Ó·È Ù· 30
ÏÂÙ¿, Ô˘ ·ÓÙÈÚÔÛˆÂ‡Ô˘Ó ¤Ó· ÎÏ¿ÛÌ· ÌfiÓÔ ÙË˜
Û˘ÓÂ¯Ô‡˜ ÂÓ‰ÔÛÙÔÌ·ÙÈÎ‹˜ ÙÔ˘˜ ÏÂÈÙÔ˘ÚÁ›·˜, Î·È Ë
·ÎfiÏÔ˘ıË Â·Ó·ÊfiÚÙÈÛË Â›Ó·È ·Î·Ù¿ÏÏËÏÂ˜ Î·È ‰ÂÓ
ÌÔÚÔ‡Ó Ó· ·Ú¿Û¯Ô˘Ó Ô˘ÛÈ·ÛÙÈÎfi ¤ÏÂÁ¯Ô ÙË˜ ·fi-
‰ÔÛË˜ ÙÔ˘ ˘ÏÈÎÔ‡.

tooth 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 tooth, 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
to the values of 40-50% reported by studies using non-
continuous data recordings. This difference is due to
two basic factors: 
a) Differences in study design including fewer chain
manipulations, that limit material fatigue during
testing, and continuous data recording in real time
and
b) Relatively small, but clinically more conservative
specimen stretching by 50% of their natural length as
opposed to 100% more stretching used in previous
studies. Generally speaking, wider stretching is
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 extension is not high. High chain
extension may apply high pressures on teeth leading,
as mentioned before, to 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-linear  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:

F(t)= x0 (K1 e–t/Ù + K2 e–t/Ù2), where 
Ks are constants and t/Ù is relaxation time.
Nevertheless, in attempting to express the overall
force decay pattern, which consists of curves with
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√ ˘ÂÚ‚ÔÏÈÎfi˜ ¯ÂÈÚÈÛÌfi˜ ÙˆÓ ·Ï˘Û›‰ˆÓ Â›Ó·È Èı·ÓÒ˜
˘Â‡ı˘ÓÔ˜ ÁÈ· ÙÔ˘˜ ÌÂÁ¿ÏÔ˘˜ Ú˘ıÌÔ‡˜ ·ÒÏÂÈ·˜
‰‡Ó·ÌË˜ ÛÙÈ˜ Û¯ÂÙÈÎ¤˜ ¤ÚÂ˘ÓÂ˜, ‚¿ÛÂÈ ÙˆÓ ÔÔ›ˆÓ Ë
·Ï˘Û›‰· ÌÔÚÂ› Ó· ¯¿ÓÂÈ ˆ˜ Î·È ÙÔ 50% ÙË˜ ·Ú¯ÈÎ‹˜
·fi‰ÔÛË˜ ÛÂ ‰‡Ó·ÌË, Ì¤Û· ÛÙËÓ ÚÒÙË ÒÚ·. øÛÙfiÛÔ,
‹‰Ë ·fi ÙÔ 1970 ÔÈ Bishara Î·È Andreasen Î·Ù¤ÁÚ·-
„·Ó fiÙÈ Ë ·ÒÏÂÈ· ·Ô‰È‰fiÌÂÓË˜ ‰‡Ó·ÌË˜ ÙˆÓ Û‡Á-
¯ÚÔÓˆÓ, ÁÈ· ÙËÓ ÂÔ¯‹, ÂÏ·ÛÙÈÎÒÓ latex ¤ÊÙ·ÓÂ ÙÔ 25%.
∞fi ÙÈ˜ ÚÒÙÂ˜ ÎÈfiÏ·˜ ‰ËÌÔÛÈÂ‡ÛÂÈ˜ Û¯ÂÙÈÎ¿ ÌÂ ÙÔ
ı¤Ì·, ÔÈ ÎÏÈÓÈÎÔ› ‰˘ÛÎÔÏÂ‡ÙËÎ·Ó Ó· ÂÍËÁ‹ÛÔ˘Ó ÙÔ
·Ú¿‰ÔÍÔ ÙË˜ ÌÂÙ·Î›ÓËÛË˜ ‰ÔÓÙÈÒÓ Ì¤Ûˆ Û˘ÛÙËÌ¿ÙˆÓ
Ù· ÔÔ›· ·ÚÔ˘ÛÈ¿ Ô̇˘Ó ·ÒÏÂÈ· ·Ô‰È‰fiÌÂÓË˜ ‰‡Ó·-
ÌË˜ ÙË˜ Ù¿ÍË˜ ÙÔ˘ 50-70% Ì¤Û· ÛÙËÓ ÚÒÙË ËÌ¤Ú· Î·È
Î˘Ú›ˆ˜ Ì¤Û· ÛÙÈ˜ ÚÒÙÂ˜ ÒÚÂ˜. ∏ ‚È‚ÏÈÔÁÚ·Ê›· ˘Ô-
ÛÙËÚ› Â̇È fiÙÈ ÁÈ· ÙËÓ ·ÔÙÂÏÂÛÌ·ÙÈÎ‹ ÌÂÙ·Î›ÓËÛË ÂÓfi˜
‰ÔÓÙÈÔ‡, .¯ ¤Ó·˜ Î˘Ófi‰ÔÓÙ· ÛÙË ı¤ÛË ÂÓfi˜ ÂÍ·¯ı¤ÓÙÔ˜
ÚÔÁÔÌÊ›Ô˘,  ··ÈÙÂ›Ù·È ‰‡Ó·ÌË ÙË˜ Ù¿ÍË˜ ÙˆÓ 200-
250 ÁÚ. ∞Ó ˘ÈÔıÂÙ‹ÛÔ˘ÌÂ ÙÈ˜ ÙÈÌ¤˜ Ô˘ ÔÈ ÚÔ·Ó·-
ÊÂÚıÂ›ÛÂ˜ ¤ÚÂ˘ÓÂ˜ ·Ó·Ê¤ÚÔ˘Ó ÁÈ· ÙËÓ ·ÒÏÂÈ· ·Ô‰È-
‰fiÌÂÓË˜ ‰‡Ó·ÌË˜ ÛÙÔ ¯ÚfiÓÔ, ·Ó·Ì¤ÓÂÙ·È fiÙÈ ·Ì¤Ûˆ˜
ÌÂÙ¿ ÙËÓ ÙÔÔı¤ÙËÛË ÂÓfi˜ ÔÚıÔ‰ÔÓÙÈÎÔ‡ ÂÌ‚ÈÔÌË¯·ÓÈ-
ÎÔ‡ Û˘ÛÙ‹Ì·ÙÔ˜, Ù· Â›Â‰· ÙË˜ ·ÂÏÂ˘ıÂÚÔ‡ÌÂÓË˜
‰‡Ó·ÌË˜ ı· ¤ÛÔ˘Ó ÛÙ· 140-150 ÁÚ. ø˜ ÂÎ ÙÔ‡ÙÔ˘
Ù›ıÂÙ·È ÙÔ ÂÚÒÙËÌ· ·Ó ÂÎÂ›ÓÔ Ô˘ ˘ÂÚÂÎÙÈÌ‹ıËÎÂ ‹Ù·Ó Ë
·Ó·ÁÎ·›· ÁÈ· ÙËÓ Ô‰ÔÓÙÈÎ‹ ÌÂÙ·Î›ÓËÛË ‰‡Ó·ÌË ‹ Ô Ú˘ı-
Ìfi˜ ÌÂ›ˆÛË˜ ÙË˜ ·Ô‰È‰fiÌÂÓË˜ ‰‡Ó·ÌË˜. 
∏ ·ÚÔ‡Û· ÌÂÏ¤ÙË Î·Ù¤ÏËÍÂ ÛÂ ÌÈÎÚfiÙÂÚÔ˘˜ Ú˘ıÌÔ‡˜
ÙÒÛË˜ ÙË˜ ·Ô‰È‰fiÌÂÓË˜ ‰‡Ó·ÌË˜ ÁÈ· fiÏ· Ù· ‰ÔÎ›ÌÈ·,
·ÓÂÍ¿ÚÙËÙ· ·fi ÙÔÓ Ù‡Ô, ÛÂ Û¯¤ÛË ÌÂ ÙÈ˜ ÙÈÌ¤˜ Ô˘
¤‰ÈÓÂ Ë ÏÂÈÔ„ËÊ›· ÙˆÓ ÚÔËÁÔ‡ÌÂÓˆÓ ÂÚÂ˘ÓÒÓ. ∂ÙÛÈ,
ÚÔÛ‰ÈÔÚ›ÛÙËÎÂ ÌÈ· ÔÌ·ÏÔÔ›ËÛË ÙË˜ Ù¿ÍË˜ ÙÔ˘ 10-
15%, ÛÂ ·ÓÙ›ıÂÛË ÌÂ Ù· Â›Â‰· ÙˆÓ 40-50% Ô˘ ·Ó·-
Ê¤ÚÔ˘Ó ¤ÚÂ˘ÓÂ˜ ÌË Û˘ÓÂ¯Ô‡˜ Î·Ù·ÁÚ·Ê‹˜ ‰Â‰ÔÌ¤ÓˆÓ.
∏ ‰È·ÊÔÚ¿ ÂÓÙÔ› Â̇Ù·È ÛÂ ‰‡Ô ‚·ÛÈÎÔ‡˜ ·Ú¿ÁÔÓÙÂ˜:
·) ‰È·ÊÔÚ¤˜ ÛÙËÓ ÔÚÁ¿ÓˆÛË ÙË˜ ÌÂÏ¤ÙË˜ Ô˘ ÂÚÈÏ·Ì-
‚¿ÓÔ˘Ó ÏÈÁfiÙÂÚÔ˘˜ ¯ÂÈÚÈÛÌÔ‡˜ ÙˆÓ ·Ï˘Û›‰ˆÓ Î·È
ÂÚÈÔÚ› Ô̇˘Ó ¤ÙÛÈ ÙËÓ ÎfiˆÛË ÙÔ˘ ˘ÏÈÎÔ‡ Î·Ù¿ ÙË ‰È¿Ú-
ÎÂÈ· ÙË˜ ‰ÔÎÈÌ·Û›·˜, ·Ú¿ÏÏËÏ· ÌÂ Û˘ÓÂ¯‹ Î·Ù·ÁÚ·Ê‹
‰Â‰ÔÌ¤ÓˆÓ ÛÂ Ú·ÁÌ·ÙÈÎfi ¯ÚfiÓÔ Î·È
‚) Û¯ÂÙÈÎ¿ ÌÈÎÚ‹ ·ÏÏ¿ ÎÏÈÓÈÎ¿ ÈÔ Û˘ÓÙËÚËÙÈÎ‹ ¤ÎÙ·ÛË
ÙˆÓ ‰ÔÎÈÌ›ˆÓ Î·Ù¿ 50% ¿Óˆ ÙÔ˘ Ê˘ÛÈÎÔ‡ Ì‹ÎÔ˘˜, ÛÂ
·ÓÙ›ıÂÛË ÌÂ ÙÔ 100% ÙˆÓ ÚÔËÁÔ‡ÌÂÓˆÓ ÂÚÂ˘ÓÒÓ. °ÂÓÈ-
Î¿, ÔÈ ÌÂÁ¿ÏÂ˜ ÂÎÙ¿ÛÂÈ˜ Û˘Ó‰¤ÔÓÙ·È Î·È ÌÂ ÌÂÁ¿ÏÂ˜
·ÒÏÂÈÂ˜, Î˘Ú›ˆ˜ fiÙ·Ó ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ÔÈ ÂÚÁ·ÛÙË-
ÚÈ·ÎÔ› ¯ÂÈÚÈÛÌÔ› ÙˆÓ ÚÔËÁÔ‡ÌÂÓˆÓ ÂÚÂ˘ÓÒÓ. ∞fi ÙËÓ
¿ÏÏË ÌÂÚÈ¿, ÛÂ ÎÏÈÓÈÎ¿ ÂÚÈÛÙ·ÙÈÎ¿, fiˆ˜ ÛÙËÓ ÂÚ›-
ÙˆÛË Û‡ÁÎÏÂÈÛË˜ ÌÈÎÚÒÓ ÚÔÛı›ˆÓ ‰È·ÛÙËÌ¿ÙˆÓ, Ô
ÂÊÂÏÎ˘ÛÌfi˜ ÙË˜ ·Ï˘Û›‰·˜ ‰ÂÓ Â›Ó·È ÌÂÁ¿ÏË˜ ¤ÎÙ·ÛË˜.
√ ÌÂÁ¿ÏÔ˜ ÂÊÂÏÎ˘ÛÌfi˜ ÙË˜ ·Ï˘Û›‰·˜ Èı·ÓÒ˜ Ó·
ÊÔÚÙ› Â̇È ÌÂ ÌÂÁ¿ÏÂ˜ È¤ÛÂÈ˜ Ù· ‰fiÓÙÈ·, ÂÓÒ ·Ú¿ÏÏËÏ·
Î¿ÙÈ Ù¤ÙÔÈÔ Ô‰ËÁÂ›, fiˆ˜ ÚÔ·Ó·Ê¤ÚıËÎÂ, ÛÂ ÈÔ ·fi-
ÙÔÌË ·Ú¯ÈÎ‹ ÌÂ›ˆÛË ·Ô‰È‰fiÌÂÓË˜ ‰‡Ó·ÌË˜ (Kovatch
Î·È Û˘Ó., 1976).
∏ ·Ó·ÁÎ·ÈfiÙËÙ· ‰ÈÂÚÂ‡ÓËÛË˜ ÙË˜ ÔÌ·ÏÔÔ›ËÛË˜ Ù¿ÛË˜

different slopes, the authors used great
approximations that undermine the reliability of results.
Thus, for time approaching infinity, the equation results
in 0 force. This sounds unacceptable, since,
theoretically, the force released after long time periods
never crosses the x-axis. Furthermore, at reference time
(t=0), the force is F(t)= x0 (K1+K2), where x0 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
time 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 interest is focused on
absolute values and not on percentages 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 initial 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 initial 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 elastics.
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ÙˆÓ ÂÏ·ÛÙÔÌÂÚÒÓ ÛÂ Û˘Óı‹ÎÂ˜ Ú·ÁÌ·ÙÈÎÔ‡ ¯ÚfiÓÔ˘
Ô‰‹ÁËÛÂ ÛÙËÓ ·Ó¿Ù˘ÍË ÌÈ·˜ ÌÂıfi‰Ô˘ ‚·ÛÈÛÌ¤ÓË˜ ÛÙÔ
ÂÈÚ·Ì·ÙÈÎfi Û¯‹Ì· ÙË˜ ·ÚÔ‡ÛË˜ ÌÂÏ¤ÙË˜. ªÂ ·˘Ù‹Ó ÙË
Ì¤ıÔ‰Ô, ÁÈ· ÚÒÙË ÊÔÚ¿ ·ÓÂ˘Ú›ÛÎÂÙ·È fiÙÈ Î·Ù¿ ÙË ‰È¿Ú-
ÎÂÈ· ÙˆÓ 24 ÚÒÙˆÓ ÒÚˆÓ, Ë Î·Ì‡ÏË ÌÂ›ˆÛË˜ ÙË˜
‰‡Ó·ÌË˜ ÂÚÈÏ·Ì‚¿ÓÂÈ ‰‡Ô ÛÙÔÈ¯Â›·: ¤Ó· ·Ú¯ÈÎfi ·fi-
ÙÔÌÔ ÙÌ‹Ì· Î·È ¤Ó· ÏÈÁfiÙÂÚÔ ÂÎÛÂÛËÌ·ÛÌ¤ÓÔ, Ô˘ ·ÓÙÈ-
ÛÙÔÈ¯Â› ÌÂÙ¿ ·fi ÙËÓ ¿ÚÔ‰Ô ÙˆÓ 4 ÚÒÙˆÓ ˆÚÒÓ. ™Â
ÌÂÁ·Ï‡ÙÂÚÂ˜ ¯ÚÔÓÈÎ¤˜ ÂÚÈfi‰Ô˘˜, ÙÔ ÂÎıÂÙÈÎfi ÙÌ‹Ì·
ÂÚÈÔÚ› Â̇Ù·È Î·È Ô Ú˘ıÌfi˜ ÌÂ›ˆÛË˜ ÙË˜ ‰‡Ó·ÌË˜ ‚·›ÓÂÈ
ÌÂÈÔ‡ÌÂÓÔ˜. 
™ÙÔ ·ÚÂÏıfiÓ ¤ÁÈÓÂ ÚÔÛ¿ıÂÈ· (Stevenson Î·È Kusy,
1994) Ó· ‰È·ÌÔÚÊˆıÂ› ¤Ó· Û˘ÓÔÏÈÎfi ÚfiÙ˘Ô ÔÌ·ÏÔ-
Ô›ËÛË˜ ÙË˜ Ù¿ÛË˜ ÙˆÓ ·Ï˘Û›‰ˆÓ, ÙÔ ÔÔ›Ô Ó· ÂÚÈ-
Ï·Ì‚¿ÓÂÈ ÙfiÛÔ ÙËÓ ·Ú¯ÈÎ‹, Ù·¯Â›·, fiÛÔ Î·È ÙËÓ ÌÂÙ¤ÂÈ-
Ù·, ÏÈÁfiÙÂÚÔ ·fiÙÔÌË, ÌÂ›ˆÛË ÙË˜ ‰‡Ó·ÌË˜, ÁÈ· ¯ÚÔÓÈ-
Îfi ‰È¿ÛÙËÌ· 3 Â‚‰ÔÌ¿‰ˆÓ. ∏ ÚÔÛ¿ıÂÈ· ·˘Ù‹ Î·Ù¤-
ÏËÍÂ ÛÙË ‰È·ÌfiÚÊˆÛË ÙË˜ ·ÎfiÏÔ˘ıË˜ ÂÍ›ÛˆÛË˜

F(t)= x0 (K1 e–t/Ù + K2 e–t/Ù2), fiÔ˘ 
K ÛÙ·ıÂÚ¤˜ Î·È 
t/Ù Ô ¯ÚfiÓÔ˜ ÔÌ·ÏÔÔ›ËÛË˜.
øÛÙfiÛÔ, ÛÙËÓ ÚÔÛ¿ıÂÈ· ¤ÎÊÚ·ÛË˜ ÙÔ˘ Û˘ÓÔÏÈÎÔ‡
ÚÔÙ‡Ô˘ ÌÂ›ˆÛË˜ ÙË˜ ‰‡Ó·ÌË˜, Ô˘ ·ÔÙÂÏÂ›Ù·È ·fi
Î·Ì‡ÏÂ˜ ‰È·ÊÔÚÂÙÈÎÒÓ ÎÏ›ÛÂˆÓ, ÔÈ Û˘ÁÁÚ·ÊÂ›˜ ¯ÚËÛÈ-
ÌÔÔ›ËÛ·Ó ÌÂÁ¿ÏÂ˜ ÚÔÛÂÁÁ›ÛÂÈ˜ Ô˘ ı¤ÙÔ˘Ó ˘fi ·›ÚÂ-
ÛË ÙËÓ ·ÍÈÔÈÛÙ›· ÙˆÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ. ã∂ÙÛÈ, ÁÈ· ¯ÚfiÓÔ
Ô˘ ÙÂ›ÓÂÈ ÛÙÔ ¿ÂÈÚÔ Ë ÂÍ›ÛˆÛË ‰›ÓÂÈ ‰‡Ó·ÌË 0. ∫¿ÙÈ
Ù¤ÙÔÈÔ ÌÔÈ¿ Â̇È ·‰fiÎÈÌÔ, ·ÊÔ‡ ıÂˆÚËÙÈÎ¿ Ë ‰‡Ó·ÌË Ô˘
·ÂÏÂ˘ıÂÚÒÓÂÙ·È ÌÂÙ¿ ·fi ÌÂÁ¿Ï· ¯ÚÔÓÈÎ¿ ‰È·ÛÙ‹Ì·Ù·
‰Â Û˘Ì›ÙÂÈ ÔÙ¤ ÌÂ ÙÔÓ ¿ÍÔÓ· ÙˆÓ x. ∂›ÛË˜ ÛÙÔ ¯ÚfiÓÔ
ÂÈ¤‰Ô˘ ·Ó·ÊÔÚ¿˜ (t=0) Ë ‰‡Ó·ÌË Â›Ó·È F(t)= x0 (K1+
K2), ÂÓÒ ÙÔ x0 ·ÚÈÛÙ¿ ÙËÓ ·Ú¯ÈÎ‹ ‰‡Ó·ÌË.
¶Ú¤ÂÈ Ó· ÛËÌÂÈˆıÂ›, ˆÛÙfiÛÔ, fiÙÈ Ë ·Í›· ÙË˜ ‰ËÌÈÔ˘Ú-
Á›·˜ ÌÈ·˜ ÂÍ›ÛˆÛË˜, ÁÈ· ÙËÓ ÂÚÈÁÚ·Ê‹ ÙˆÓ Ê·ÈÓÔÌ¤ÓˆÓ
Ô˘ Û¯ÂÙ› Ô̇ÓÙ·È ÌÂ ÙË ÌÂ›ˆÛË ÙË˜ ·Ô‰È‰fiÌÂÓË˜ ‰‡Ó·-
ÌË˜ ÙˆÓ ÂÏ·ÛÙÔÌÂÚÒÓ, ÂÚÈÔÚ› Â̇Ù·È ÌÂ ÙËÓ ˘ÈÔı¤ÙËÛË ÙË˜
ÌÂıfi‰Ô˘ Ô˘ ¯ÚËÛÈÌÔÔÈ‹ıËÎÂ ÛÙËÓ ·ÚÔ‡Û· ¤ÚÂ˘Ó·.
ŒÙÛÈ, Ë ‰È·‰ÈÎ·Û›· Û˘ÏÏÔÁ‹˜ ‰Â‰ÔÌ¤ÓˆÓ ÛÂ ·˘Ù¤˜ ÙÈ˜
ÌÂÏ¤ÙÂ˜ ÂÚÈÂÏ¿Ì‚·ÓÂ Î·Ù·ÁÚ·Ê‹ 10-15 ÙÈÌÒÓ ‰‡Ó·-
ÌË˜ ÁÈ· ÌÈ· ÂÚ›Ô‰Ô 2-3 Â‚‰ÔÌ¿‰ˆÓ, ÔÈ ÔÔ›Â˜ ÂÓÒ-
ıËÎ·Ó ÌÂ ÌÈ· ÁÚ·ÌÌ‹, Î·È ¤‰ˆÛ·Ó ÙË ‰˘Ó·ÙfiÙËÙ· Úfi-
‚ÏÂ„Ë˜ ÙË˜ ‰‡Ó·ÌË˜ ÛÂ ÔÔÈ·‰‹ÔÙÂ ¯ÚÔÓÈÎ‹ ÛÙÈÁÌ‹
Ì¤Ûˆ ÂÍ›ÛˆÛË˜. ™ÙËÓ ·ÚÔ‡Û· ÌÂÏ¤ÙË, Ë ‰‡Ó·ÌË Î·Ù·-
ÁÚ¿ÊËÎÂ ÁÈ· fiÏË ÙË ‰È¿ÚÎÂÈ· ÙÔ˘ ÂÈÚ¿Ì·ÙÔ˜ ÛÂ ‰È·-
ÛÙ‹Ì·Ù· 1 ÏÂÙÔ‡, Î·È Û˘ÓÂÒ˜ ‰ÂÓ Â›Ó·È ··Ú·›ÙËÙÂ˜
ÂÍÈÛÒÛÂÈ˜ ÁÈ· ÙÔÓ ˘ÔÏÔÁÈÛÌfi ÙË˜ ÙÈÌ‹˜ ÙË˜ ‰‡Ó·ÌË˜ ÛÂ
‰Â‰ÔÌ¤ÓÔ ¯ÚfiÓÔ. 
√ Ù‡Ô˜ ÙË˜ ·Ï˘Û›‰·˜ (·ÓÔÈÎÙfi˜ ‹ ÎÏÂÈÛÙfi˜) ‰ÂÓ ·Ô-
‰Â›¯ıËÎÂ ÛËÌ·ÓÙÈÎfi˜ ·Ú¿ÁÔÓÙ·˜ ÙÔ˘ ÂÈ¤‰Ô˘ ·Ô‰È-
‰fiÌÂÓË˜ ‰‡Ó·ÌË˜ ÛÂ ¤ÎÙ·ÛË. ¶Ú¤ÂÈ Ó· ÛËÌÂÈˆıÂ› fiÙÈ
·fi ÎÏÈÓÈÎ‹˜ ¿Ô„Ë˜ ÙÔ ÂÓ‰È·Ê¤ÚÔÓ ÛÙÚ¤ÊÂÙ·È ÚÔ˜ ÙÈ˜
·fiÏ˘ÙÂ˜ ÙÈÌ¤˜ Î·È fi¯È ÚÔ˜ Ù· ÔÛÔÛÙ¿ ÌÂ›ˆÛË˜ ÙË˜
‰‡Ó·ÌË˜, ÁÈ·Ù› ‰›ÓÂÙ·È ¤ÌÊ·ÛË ÛÙËÓ ÎÏÈÓÈÎ‹ ·ÔÙÂÏÂ-
ÛÌ·ÙÈÎfiÙËÙ·, Ë ÔÔ›· ÂËÚÂ¿ Â̇Ù·È ·fi ·˘Ù¤˜ Î·ı·˘Ù¤˜
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ÙÈ˜ ÙÈÌ¤˜ ÙË˜ ‰‡Ó·ÌË˜ Î·ı·˘Ù¤˜ Î·È fi¯È ·fi Ù· Û¯ÂÙÈÎ¿
ÔÛÔÛÙ¿ ·ˆÏÂÈÒÓ. º·›ÓÂÙ·È ˆ˜ Ô ·Ú¿ÁÔÓÙ·˜ Ô˘
ÂËÚÂ¿ Â̇È ÙËÓ ·ÔÙÂÏÂÛÌ·ÙÈÎfiÙËÙ· Î·È ÙÔ ÚÔÊ›Ï ÙÔ˘
˘ÏÈÎÔ‡ Â›Ó·È Ë ·Ú¯ÈÎ‹ ‰‡Ó·ÌË ·Ó·ÊÔÚ¿˜. ∞˘Ùfi ÔÊÂ›-
ÏÂÙ·È ÛÙÔ ÁÂÁÔÓfi˜ fiÙÈ ÔÈ ÌÂÙ·‚ÔÏ¤˜ ÙË˜ ‰‡Ó·ÌË˜ ÌÂ ÙÔ
¯ÚfiÓÔ ‰ÂÓ ¿ÏÏ·Í·Ó ÙËÓ ·Ú¯ÈÎ‹ Î·Ù¿Ù·ÍË ÙˆÓ ÂÏ·ÛÙÔÌÂ-
ÚÒÓ ·Ï˘Û›‰ˆÓ. ªÂ ¿ÏÏ· ÏfiÁÈ· Ë ÎÏ›ÛË ÙˆÓ Î·Ì˘ÏÒÓ
¤‰ÂÈÍÂ ÌÈ· ÛÙÚÔÊ‹ ÚÔ˜ Ù· ¿Óˆ ‹ ÚÔ˜ Ù· Î¿Ùˆ, ·Ó¿-
ÏÔÁ· ÌÂ ÙËÓ Ù¿ÛË Ô˘ ‰ËÌÈÔ˘ÚÁ‹ıËÎÂ ·fi ÙÔÓ ·Ú¯ÈÎfi
ÂÊÂÏÎ˘ÛÌfi. 
∏ Ì¤ıÔ‰Ô˜ Ô˘ ¯ÚËÛÈÌÔÔÈ‹ıËÎÂ ÛÙËÓ ·ÚÔ‡Û· ÌÂÏ¤-
ÙË ÌÔÚÂ› Ó· ‚ÚÂÈ ÔÏÏ¤˜ ÂÊ·ÚÌÔÁ¤˜, Û˘ÌÂÚÈÏ·Ì‚·-
ÓÔÌ¤ÓË˜ ÙË˜ ÌÂ›ˆÛË˜ ÙË˜ ‰‡Ó·ÌË˜ Ô˘ ·Ô‰›‰Ô˘Ó Ù·
latex ÂÓ‰ÔÛÙÔÌ·ÙÈÎ¿ ‰È·ÁÓ·ıÎ¿ ÂÏ·ÛÙÈÎ¿ Î·È Ù· ÂÏ·ÛÙÈ-
Î¿ ÂÍˆÛÙÔÌ·ÙÈÎÒÓ ÌË¯·ÓËÌ¿ÙˆÓ.
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