
Biodental Engineering Ill - Natal Jorge er al. (Eds) 
0 2014 Taylo< & Francis Group. London. ISBN 9 78· 1-138.02071· I 

Analysis of autoclave induced dimensional changes 
o n addit ion silicones 

M. S6. 0 . Lino, P. Rocha Almeida. C. Lelli, J.C. Reis Campos & J. Sampai o·Fcrnandcs 
F<1c.·u/1y of D~111af i~fedi~il1e of Porto (/1Jfrersi1y, Porto. Port11g<1/ 

AllSTRACI": Researchers and clin1cinn~ ha,·e become increasingly concerned '''ith disinfection and 
stcr1liza1ion of inslrumcnls and n'ttatcrinls. The possibili1y of cross infection by dental i1nprcss1ons hns 
req uired its disinfection p rior to et1s1ing of g)rpsum. The a im of this \Vork is to s tudy lite di1ncnsionnl 
chnngcs of dental impressions \ Vi th ucldi1ion silicone (Affinis®) <lctcrn1ining \vlu.:ther it hos dirncnsionnl 
stnbilil y nllowing its steriliz;1tion. The sarnple is characterized by n group of 15 1nodcls obta ined fron1 
autoclaved in1prcssio ns and n control group o f l5 n1odcls obtninccl l"ron1 not a utoclaved in1prcssions. \\'c 
con1pi1 1·cd the d in1cnsiona1 ch;.1 11gcs of the n1odcls and searched for s tatistically significant difrcrencc.s. 
Autoclaving of addition silicone in1prcssions produced statistically sig11ilicant din1ensional cha nges in 
points of the vestibular areas. 1-lo"'C\Cr, these changes seem clinic.'111)' irrelevant. Results see111 to support 
tha1 nddition silicone (Affini$'1)) cnn be nutoclaved \.\1ithout co1npron1ising the final restoration. More 
studies nre needed to confir1n 1hcsc hypothC$es. 

INTRODUCTION 

1.1 Cro,\'.ro-;1~fer1io11 ro111rol 

Contro l o f cross-infection in dentul in1prcssions 
htis long been cause for concern nn1o ng dentists 
and dc11t11I tech nicians. 1\ si1n1>lc washing o f t11c 
prints ren1oves onl)' part of the 1nicrobial nora. 
The American Dental Association (ADA) (ADA 
council 1996) suggests 1ha1 1hc silicones should 
be ,,·ashed in running \\"atcr and then disinfected. 
Ocspi1c this. man)' dentists do nol disenfcct their 
impressions. such as in lhc UK (23"•) (J;iggcr cl al. 
1995) or in India (6701.) (Bhal cl al. 2007). In the 
USA. the d isinfection pro tocol is '''idely used but 
con1n1unication bct\vccn the doc:: tors nnd the lab is 
very poor, (Kugel e t al. 2000) and n1icroorganisn1s 
\VCl'C found in 67o/" of in1prcssions sent to the labo· 
ra1ory. (Powell e1 a l. 1990) M ullcr-llolln Cl al. {2004) 
dc1non.stroted that in the dcotal fucultics in Europe-, 
inclucling l)Qrtugal, 7S°/ .. of departrucnu engaged in 
some type of cliS'infecaioa on 1rnprcssions. Pnng & 
Millor (2006) concluded lhal only 48% of dcnlists 
stcnhted or disinfected imprc:ssions. The stud)• 
of disinfection of impressions began in the .so·s 
(Gilmore Cl al. 1959, Pleasure cl al. 1959). in 1hc 70's 
the tronsn1ission of infec tious diseases v.•as i11ves· 
tig.ntcd a od in the 80's anti111icrobinl ngcnts 'verc 
incorporn1cd in algi11ates (Sonrc:; & Ucti 2001). 

The s tcnlitut1on of impressions with quin1io· 
clave, ullrnviolct rays., hypochlori1e, iodine coin· 
pounds. chlorhcxidinc solutio ns and autoclave 
(Johansen & Stackho use 1987) \vcre co nsidered 
cosily. ti1nc consun1ing a nd cou1d chnngc d in1cn· 
s ionally in1prcssio ns. As a practical a lte rnative 
d isinfectio n took place (Lagen\valter el al. 1990). 
Studies on d imensional changes catlscd by disill· 
fectanls concluded that io11nersion 'vithin 60 min­
utes of addition silicones in sodiutn hypochlori1c 
10,000 ppm was 1he safes1 me1hod. (Minagi c1 ol. 
1986) and that ofter immersion in a solution or i-1. 
glu1araldchydc ror 10 hours. showed high Slob1l· 
ily. (Joha nsen & S1ackhouse 1987) Scvcrnl Mllho rs 
( Bcrgmn n 1989. La nscnwa ltcr cl al. 1990. Malyns 
c l a l. 1990, Tullnc r c l al. 1988) reported d imcn· 
s ional c::ha nges in po livynilsi1oxancs nnc r disinfCc· 
tio n. a lt ho ugh c linic.ally insignificant. Prat ten ct al. 
( 1990) dcntonstm tcd changes i11 \Vettability en used 
by disin fectants in hyd rophilic silicones. Martin 
e1 a l. (2007) rcpor1cd lhe lack of consensus pro· 
tocols :and the presence of \1nkno~·n substances in 
silicones. ltading to differc:ot behaviors in contocl 
v.•ith disinfectants. Diffcrcnl authors. (Bock ct al. 
2008. Kotsiomi1i cl al. 2008. Mclilli cl ol. 2008) 
concluded that cltc1nica.I disinfec tion produces 
d in1cnsio nal chnngcs that do not infl uence the 
c li nical o utcon1c. 

119 



1.2 Steriliz<1tio1r of ' '<l<liJion silico11es 

\\1it h respect to the steriliza tion of additio n sili­
cones Holtan ct a l. ( 199 1) studied the changes 
produced by sterilization using a n a t1toclave a nd a 
quimioclave, 'vi th 1t)eta llic ttays.. 1'·he-y reported sta­
tistic.all)' signific.ant changes whc.fl ttsed a utoclave 
a t J 32°C, but no s ta tis tically signilicant c.ha nges 
with quimiochweal 7 1°C. Olin c t ;ii. ( 1994) found 
dimensional changes produc.ed by quimioclave 
stcriljzatio n. a utoclave a nd soaking for 12 hours 
in 20/o glutaraldehydc \\'ltcn using acr)•lic trays. 
More recent s tudies such as Bria n Millar ( 1999) 
a nd Ko llcfrath ct al. (20 10) tested s terilization on 
autoclave a t 134°C wit h addition silicone intptes. 
sions Affinis®, concluding t hat it did not suJTe r 
dil'neosio 1lal changes. Also Christe.osen (2010) fea­
tures antoclaving as an a lternative-to d isinfecti<Jn, 
reporti ng a dirnensiona l cha nge-o f less t han 0 .7c:i:.,, 
IO\\'Cr t ha n the l.S'Yo allo\ved by the A DA. 

L.3 Disi1r.fe<'tio11 ''erstts steriliz<1tio11 

Rios cl al. ( 1996) and Abdelaziz ct a l. (2004) slated 
tha t there is no consensus on the d isinfCctio n/stc ri· 
lization of inl pression nta terials. So111e a ut ho rs 
c.oncludcd that the use o f disinfecta nts a O"ects 
dinlensio nal s tabili ty a nd wettability of addi­
tion silic-0nes aud c hemicaJJy react " 'ith g·ypsurn. 
(Bcrgmim 1989. Johansen & Stackhouse 1987. Ko t­
siomili ct al. 2008. La ngenwaltcr et al. 1990, Mal­
yas e t a l. 1990. Minagi ct al. 1986, R ios cl al. 1996, 
Tullncr e l a l. 1988) T hese c hanges increase with 
titne of exposure to the d isintCcta11t a nd profes· 
sionals o lt cn keep i111prcssio ns less ti1nc in contact 
with disinfectaot t han recor1l1nended . (Langen\\1a l­
tc r et a l. I 990, Martin et a l. 2007, Rios ct al. 1996) 
Several s tudies a ttest, (~·latyas et a l. 1990, Mioagi 
Cl al. 1986. Peixoto ct al. 2007) o r contest (Powell 
et a l. 1990) the e ff'e.ctive.ncss o f d isinfecti0 1l a nd d is­
infcctn nr..s used. S teri lization, being mo re letha l Co 
pa thogenic n1icroorganis1ns. should be preferred, 
(ADA council 1996) because disinfection is: less 
precise \Vhcn it eon1cs to safel)' n1a rgins (Ma rtin 
ct a l. 2007, Fraise et a l. 2004). Sterilizing s ilicone 
in1prcssions in autoclave. as proposed by the 1nan· 
ufacturer Coltene Whaledent1"11o

1 \\'ith Afli nis®, the 
trays a ud t he specific adhesive marks "' sig.iJificant 
step in the control o f c ross-infe.ctio n, which needs 
to be s tudied in depth. 

2 OBJECTIVES 

2. I Ob;ectil'e 

The a in1 o f this \\'Ork is to s tudy the di1n ensional 
cha ngcs o f dental i 1t1prcssio ns ' ' 'i th a d di tio n silicone 
detctt11ining 'vhether it has d in1ensio na l stabilit}' 
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allo\ving its s terilization \Vith auloclavc a l 134 °C 
'vithout co111pro111is ing the final restoratio n. 

3 MATERIA L AN D M ET HODS 

3.1 SttulJ• 1/esig11 

We dt.:velopcd a pHl l<:rn n1odel (Fig. I) consisting 
of ;.ln acrylic base model \Vith 11ioe ntitural teeth. 
a cylinder siinulating a looth prc;pa r,1tion and 
t hree ba lls (technical analysis). T his paucrn model 
~1110\vs only o ne axis of insertion a nd dctachn1ent. 
standardizing i1nprcssions. 

Fron1 t his ll)Odel \VC obtained 30 i111pressio ns by 
t he technique of do uble n1ixturc \Vill1 Affinis® sili· 
cones. 1 n 15 of the111 \\'e re t1sed trays Presidc1)t® and 
a<lhesive. Coltl:ne® and, in the:: remaining 15, trays 
!'res ident AC® a nd ad hesive Co lte ne AC® '"hich 
l:l re nutoclavHblc. T he h111er 15 i1nprcssio ns \verc 
a utoclaved, doing a short cycle of 134° C acco rd­
ing 10 lhe 1n a11ufacturcr·s instruct ions (Col1Cnc/ 
WhalcdcntTh1). ln A l)inis® silicones dc(Or1nation 
by contn\ction is from 0.21!/o (ColtC11e Whalcdent 
AG) to 0.24% (3M ESPE 2007). To com pensate 
t his contractio n it is intJ)Ortant that gypsunt pro­
duces a si111i lar expa nsion. T hus. \\ 'C chose \Vhip· 
m ix ResinRock® XL5 (Whipmix.com) with 0.2"/o. 
expansio n. A II i1npressioas \\1e re cast \vitb plaster 
in a vac.uurn mixer follo\vi11g the instrt1cli01)S of the 
manufacturer. (Whipmix.co1n ). 

T hen . 1hc pattern n1odel a nd all 1hc obtained 
models of g)•psu1n from the 30 in1prcssio us ''1e rc 
scanned \vi th a 30 high resolution scanner (STEIN · 
BICH LER COM ET VarioZoom 2M C200/400; 
fv1casuring a rea (1n n13): 200 X 150; Resolution in Z 
(mm): >= 0,002- 0,004; Precisio n: aprox. 0,0 I 5 111111; 

Soft,vare: Coin et 1>ius 6.5; Con1e t I ospect 3.01). 
T he din1ensiooal c ha llges ca used by the t\vo 

di lTereot proce-sses \Vere calculate'I by 3est-J::it 
mcth(){I, using 34 fixed points for co1n parisoo 
bet\\•een rno(lels (Fig. 2). 

Figure I. Pattern model. 



Pigurc 2. Avaliation of d i1uensionsl changes of gypsum 
n1odels oon1parcd \vith pattern model (34 fi:ted points). 

These (la ta "'ere cn1cred in to SPSS 19.0 pro­
granl fo r s ta tis tical analysis. The Lilliefo rsand Kol­
mogorov-Sn1irnov cesl.$ \\•ere a pplic:d for symme1ry 
and 11onnality of the distributio n, a11d Mann­
Whitney tcsl and l-tesl were applic<I for group 
n1cans. We eo1npared t1te di1nensional changes o f 
the autoclaved and no n-autoclaved obta ined ntod­
els \vitlt the patte rn 111odel and sea rched fOr statisti ­
ca lly signilic..'lnt d ifferences.. 

1·he 34 points \Vere then grouped in 7 a re.as: 
occlusal right, occlus.al left, ooclusal antel'ior, \' CS­

tibula r right, vestibular left, vestibular anterior 
und pa la tine. 

4 RESULTS 

4. I Di111eusio11a/ c/1t111ges 

T ltc dintcnsional changes '"ere stud ied on each 
point using Best- Fit ntethod . T he. ~,tann-Whitney 

test a nd t-test \vere applied in se.a rcb for statisti­
ca lly signiticant d ifferences., lirs t for e.ach axis and 
then on 30. Table 1 sho,vs the points t ha1 pre­
sented statistically significant d inCrcnccs bcl\\'Ccn 
1hc a t1loclave<I and no n-auLoclavcd models \Vhcn 
co1npa red to the pat tern model. Point 26 only 
had statis tically signilicant dintcnsio nal changes 
in axis Y and those changes were no( eno ugh to 
p roduce a statistically signilicant change '"hen the 
3 d irttensio ns v.•el'e-analised. 

On table 2 we show the points with statistically 
significant d irnensional cha nges di vided by regio n. 
The (lffecle<l regions v.·ere n1ainly 1he vestibt11ar 
regions and one poi a t o f lhe pnhttine regio n. There 
'"ere no a ltcrutions 011 the points of the occlusal 
regions. 

Within the s ta tis tically significant d in1cnsio na l 
change~ tlte point with greaterdintcnsionalchange 
for e ither autocla\'ed O I' non-autoclaved silicones 
\\'as tlte point 34, whose average dis tortio n to tltc 
pat tern 111odel \Vas 146 µ 111 (no n-autoclaved) and 
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Tobie I. Points 'vith statistically signific:tnt d il'nensional 
changes. 

J-\xis x y z 30 

Points \'1ith stntistically 15 15 15 15 
significant din1cnsionaJ 21 21 21 21 
changes 23 23 23 

24 24 24 24 
30 30 30 30 
32 32 32 32 
33 33 33 
34 34 34 34 

26 

Table 2. Points \Vi th s1atis1 ic;;illy sig.llificant di111cnsion;;iJ 
<.·hang.cs by re,s.ion. 

Region VR VL VA OR OL OA p 

Points ''' ith statistic-ally 24 32 21 15 
signilicant din1c-n- 26 33 23 
sional changes 34 30 

VR(4)·vestibulal' right, VL(4)·vestibul;;il' lef1. \11\ ( 7)· 
vest ibulnr anterior, 0R(3)..,ch1s.'ll right, 0L(4)·oclusaJ 
left, OA(5)-oclusal anterio r, P(7)-palalinc. The numb1:rs 
inside parcnthtst-s art. the total number of points in each 
reg.ion. 

97 µ rn (a utoclavc:d). Slcrilizution resulted in a11 
incre.asc of the sta ndard deviatio ns and tncans of 
d in1cnsiona l changes. 

5 DISCUSSION 

Oisinfectan1s and a utoc.Javing cause statis tically 
sig11ificant di111e11sional changes i11 impressioos. 
These are considered clinically irrclc\•ant by \•a ri­
ous authors rega rding d isinlCction, (Bcrgma11 
1989. Bock c l a l. 2008. Johansen & Stackhouse 
19871 Ko tsio1niti ct al. 2008, Langcn,valtcr ct a l. 
1990, Matyas ct al. 1990, Mclilli ct al. 2008, Rios 
c t a l. 1996, Tullncr ct al. 1988) but o nly by a few 
in s teriliza tio n. (Chris tensen 20 10, Kollefrath e t al 
2010, Millar 1999). 

Front our study, which focuses o n this la tte r 
aspect, it can be inferred from Tables I a nd 2 t hat 
\\'ilh the exception of point IS (P<llatine), all points 
"'it h st11tistic-nlly significa nt din1ensional changes 
arc vcstibulur, \vhich agrees \vith lhe rcsulls of 
Holian ct al. ( 1991), Oli n cl a l. (1994) and Ko lic· 
fralh ct a l. (2010) who repo rted that the areas of 
greatest susceptibility to d in1cnsional changes 
\\'ere the o nes with ho rizonta l reduced thick nes~ 
so the tray should adequately support these areas. 
Probably the values of t he sta tistic.ally sig11ilica11t 



di1ncnsional cha nges o bserved a rc relalcd lo lhis 
fact. Sterilizatio n resulted in an increase of t l1c 
standa rd deviations a nd n1cans o f dimensional 
cha nge~ resulting in a less accurate i111prcssio n. 

1\ lthough we fo und statistically significaot 
cha nge~ tl1ey ntigltt be clinically irrelevant, given 
tha t the flte-ans and 1nedians of the- observed 
<limensional changes are- not different in magni­
tude o f t he poinLS \Vhere-no statistic.al d ifferences 
were found. \V.ithin the s ta tis1ic(11ly sig11ificant 
di1ncnsional changes,, the point \vitl1 greater d istor­
tion \vas lhe poinl 34, \vhosc distorlio11 \VllS, actu­
ally, larger on the non-autoclaved n1odcls. Despite 
tl1e fact of being s tatis tically significa nt, \VC c learly 
sec t hese alterations do n't l1ave the ntagnitudc to 
be clinically relevant. T hus, t he changes produced 
by autoclaving, where there is in most cases an 
increase o f 111eaos aod s tandard de,•iatioos \Vheo 
c.ompare.d to non-autoclaved, given the magnitude 
of the altcr(1tion, arc clinically irrelc;v(1 nt, allhough 
s1a tistica1Jy signilicant . These results are consist­
ent with the works of Milla r (1 999) and Ko llefralh 
cl al. (2010), but contrary o f Holtan ct al. (1991) 
and Olin cl a l. (1 994). 

\\'c can say that if the re is etfectivc support fron1 
the tl'ay a nd sufli c:ie.nt thickne-ss o f polyvinylsi­
loxane, sterilizatio n of the intprcssions at 134° C 
is a safe, feasible solutio11, a llo,viog stability a 11d 
the most effective removal o f n1icroorg(~ nisms, 
nlaki n_g this rnethod an excellent a lternative- to 
<.Ii sin f ectio n. 

Rather tha n discussing the high-level disin­
ICction is suflicicnl or not, it is necessary to take 
into account that \VC need a si1nplc protocol, ca.sy, 
cheap and quick to use, 'vhich does not happen 
with d isinfectants. Furthcr1norci d isinfection is 
n1ore expensive than autoclaving, since the auto· 
clave is o f o bligato ry preseoce in dental practices 
and a cycle of autoclave-can be fas ter than high 
<lcgree <lisinfoction. The en\~ronrncntal costs o f 
disinfectants a rc also higher. 

6 CONCLUSION 

l n our stud)', \VC o bserved s ta tistical!)' significant 
cha nges bet\\'C-en autoclave-d and no t autoclaved 
i111pressions regal'ding the vestibular are.as of the 
n1odels. as \VCU as larger standard de-viatio ns of the 
n1can diincnsionnl changes in the 1nodcls resulting 
from autoclaved irnprcssions.. 

;\ )though a utoclaving make inprcssions less 
accurate given the s111all n1agnitudc of the observed 
cha nges is likely that these do no t result in cli ni­
cally relevant changes since the intpressio n has 
good thickness and involve the edges of the tray. 
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Thus. sterilization of silico11ci1nprcssionsaddition 
autoclave is a handyi inexpensive and cnviron1nen~ 
tally clean n1ethod, so it ca n be used i11 dentistry. 
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