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5*61 To compare the reliability between photoelastic and finite
$3$)$*(" <GWA" &*8&35.$." 75" $:83B&(1*4" (/$" $,$2(" +" 01, $'5*("
marginal misfit levels on the stresses generated on two different
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CoCr frameworks were fabricated simulating a superior first
pre-molar (P) to first molar (M) fixed dental prosthesis. Different

levels of misfit (um) were selected based on the misfit average
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in silico analysis. Maximum and minimum principal strain were
'$2+'0$0"B)$'12&335"&*0"2+3+'02+0$0",+"(/$")+0$3.P'a+*"@1.3."
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the increase of misfit generates higher stress levels despite of
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higher pstrain values for all simulated misfit levels. The type of
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fleld persists as clinical problems may occur with implants due to the considerable differO
$928" 17" (/1$" 71+)$2/8+1283" 7$/&: 1+" +," 1)%3&*(." 80" *&(B'&3" ($HP,$'$*(35" '+)"*&(B'&3"
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%'+)+($0"75"(1$"%'S.$*2$"+,"%$ 1+0+*(&3"314&)BHR a consequence, misfit can generate
($..$."1*'(/$"1)%3&*(".5.($) "$:$* [L(/+B("3+&0"&%%6312&(14#*Fince the presence of misfitis
&"231*12&3"$8B4{&BIng acceptable fit levels is very important to the longevity of the implant
(S&OS*( TU+(P[1.$71+3+41283"&*0")$2/8*128&3"2+)%312&(1+."28* Yo+ ($*(1&335"+22BP

However, not only the presence of misfit affects the stresses in the implant-supported
5.($)6" 7B(" &3.+" (/$" .$3$2($0" 2+)%+*$*(." .B2/" &." 1)%3&*(" (5%$." &*0" %'+.(/$(12"
&TB($*(.P ">+ (/1.".$*.$6" /+'(" &*0"[10$" 1)%3&*(."'$0B2$" (/$".('$.." &*0" .(&1*" 1*"
the periimplant bone in the posterior maxilla in comparison to conventional implants
%38&2%50"1*"(/$"4'&,($0". 1*BIP?3.+6"./+'("1)%3&*(."<_'K"))A"2&*"&:+10".B'412&3"®'+
2$0B'$.".B2/"&.""104$" &B4)$*(&(1+*"&*0".1*B."31,(6"[/12/"1*:+3:$."4'$&($")+'7101(5"
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(+2+3.6".B2/"&."(/$"+%(1)1D&(1+*"+,"+223B.1+*"+,"(/1$"%'+.(/$.$v8here its deficiency

1.7 &" 2+))+* 28B.$" +," 1)%3&*(0.B%%+ (30" '$/&7131(&(1+*" ,&13B'$2001(1+*6" (/$"
increase in diameter of short implants shows benefit for stress distribution.™"?"%'$
1+B."$:1$["& (123$"$:&3B&(1*4"(1$"71+)$2/&*1 283" T$/&: 1+"+," /+'("1)%3&*(." /+[$0"
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the influence of marginal misfit in this type of implants was not evaluated.
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with three different marginal misfit levels. The research hypotheses were as follows:
<IA"Q/$"%/+(+$3&.(121(5"&*0"GW?")$(/+0+3+41$."4$*$'&($". 1) 13&™.('$.."%&(($*"B*0$™"
the same simulation; (2) The increase of marginal misfit is less critical for short and
[10$"1)%3&*(."(/&*"2+*:$*(1+*&3"1)%3&*(.P
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Q[+" 2+*01(1+*." [$'$" $:&3B&($0R" IA" )+0$3" ;R" ([+" .(&*0&'0" C'&*$)&" 1)%3&*(."
(external hexagon (EH), 4.1 x 11T mm; SIN - Sistema de Implante, Sao Paulo, SP,
C'&D13A]"&*0"EA")+0$3"8R"+*$"2+*:$*(1+*&3"1)%3&*("<Wd6"NP!"\"II"))A"&*0"+*$"./+'("
&*0"[10$" 1)%38&*("<Wd6" T"\"U"))]"8>="c"81.($)&" 0$">)%3&*($6" 8&+"-&B3+6" 06" C'&
zil), simulating the placement of a short implant in posterior maxilla. Frameworks
simulating 3-unit fixed denture prosthesis (FDPs) were obtained by the overcasting

method (n=10). Three different levels of marginal misfit were selected based on

their misfit average, obtaining three groups: low (< 20 pm), medium (> 20 ym and

< 40 ym) and high (> 40 um) misfit. Qualitative photoelastic analysis was used to
$:&3B&($"(/$".('$.."3$:$3"&*0"01.('17B(1+*"1*"%$'11)%3&*("$41+*"B*0$" ([+".1(B&(1+*.R"
*+*03+&0%$0"<&, ($"(14/($*1*4"+,",'&)$[+"."(+"(/$")+0$3.A]"&*0"IKKO="3+&0$0"+*"(/$"
molar. Also, FEA was conducted similarly to the photoelasticity design. Maximum
&*0")1*1)B)" %'1*21%&3".('&1*" [$'$"'$2+'0$0"*B)$'12&335" &*0" 2+3+'02+0$0" .+ (/$"
)+03$3."<*+*00B2(13%$")&($'1&3A"[/13$":+*"@1.$.".('$.."[&."+7(&1*$0",+" (/$")$(&3312"
2+)%+*$*(."<0B2(13%$")&($'1&3.A"<G14B'$"IAP
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Photoelastic Models

Fabrication
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| Misfit Analysis |

Selection of three misfit levels:
low (< 20 pm) medium (> 20 um

and < 40 pym) high (> 40 pm)
Photoelastic Finite Element.Ar_1aIyS|s
Analysis (conducted similarly
to Experimental Analysis)
Stress level ard Von Mises
distribution in stress for the
periimplant region metallic components
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2" ($$3")&.($")+0$3"[1(/"01)F*. 1+*."+,"MK"\"EK"\"IT"))"[&.",&7'1 2&(SO"[L(/" ([+"
0'133"/+3$."1Y"))","+)" $&2/" +(/$" <2$*($" (+" 2$*($'A" &*0" ([+")1*1" &7B()$*(" &*& O
3+4." 2'$[$0"+*" (/$")+0$3P"b:$'2&.($0") 11" & 7B()$*(" 2531*0%"." <8>="c"81.($)&" 0$"
>)%3&*($]"8&+"-&B3+6"8-6"C'&D13A"[$'$"(14/($*$0"+*"(/$")&.($") +0$3P"Q/$", &) $[+."
simulating FDPs for superior first pre-molar (pillar P) to first molar (pillar M) were
waxed with a low-shrinkage acrylic resin (Duralay II; Reliance Dental Mfg. Co., Chicago,

USA). All waxed patterns were sectioned and splinted with a low-shrinkage acrylic
'$.1*P" Q/$" '&)B[+N." <HIKA" [$'$" +:$'2&.($0" 1*" ;+;" &33+5" <8(&'3+5";]" #$4B0$*(6"
#$*(.%356" d&*&B0Og+3,4&*46" d$..$6" H$")&*5A" &,($" 1*23B01*4" 1*' 1*:$.()$* (") &($'1&3"
<H13:$.("d8]"Ch"H1B31*16"I1B0O[14./&,$*6" F/$1*3&*00-,&3D6" H$")&*5AP" Q/$" ,'&)$[+"."
were processed by airborne-particle abrasion (110-um Al203 particles under 0.55

MPa air pressure), followed by finishing and polishing with tungsten carbide drills at a

low speed, excepted on the metallic strap region.

FO#/#%8-&/*3,6#)%8,D-E$*3-/*#(

?".1312+*$"1)%'$..1+*"<81317+'"'81317+">*0B.('1&"$";+)$'21+"I(0P6"8&+"-&B3+6"8-6"C'&L
[&."+7(&1*$0",'+)"(/$")&.($")+0$3i('&*.,$".$(P"Q/$"1)%3&*(."[1(/")1*1"%133&"."<@1*1"
?27B()$*("O"Wd"NP!"\"E"))]"8>="c"81.($)&"0$">)%3&*($6"8&+"-&B3+6"86"C'&D13A"[$'$"
(14/($*$0"+*"('&*.,$"."+,".1312+*$"1)%'$.. 1 +*P"Q/$"%/+(+$3&.(12"$.1*'<?'&301($"Hj"EVI"
CF"&*0"2&(&35.("?'&0B" dj"EJUM]"?'&3($2";/$)12&3."1(0P6"HB&'B3/+.6"86"C'&D13A"[&."
)&*1%B3&($0"[1(/"(/$" %'+ %+ (1+*"+,"E"%&'(."+,"'$.1*" (+" "% &' ("+,"2&(&35.(",+""1") 1*B($6"
leaving a homogeneous mixture. The resin was placed for 20 minutes in a pressure
2/&)7%$"2+B%3$0" (+"&*"&1"1*k$2(1+*" (B7$" &*0"&("&"%'$..B'S"+," UK "ELH2V6'$: $*("
7B773%."1*" (/$")&($'1&3P" Q/$" %/+(+$3&.(12"'$.1*"[&.".3+[35" %+B'$0" +:$™ (/$" 1)&'S$.
A+HPUQ/$".&)$"%'+230B'$" [&." %%, +)$0"[1(/" . /+'("&*0"[10$" 1)%3&* (" &*0"2+*:$* O
(1+*&3"1)%3&*(."(+"+7(&1*"(/$".$2+*0"%/+(+$3&.(12")+0$3P"?,($"VE"/+B".6"(/$"(&*..$"."
[$'$"'$)+: 50" ,'+)" (/$".1312+*$")+30" &*0" %/+(+$3&.(12")+0%$3." [$'$" +7(&1*$0" ,+"
evaluation. Thus, a photoelastic model for each situation was obtained and identified
&.")+0$3"; " <2+%:$*(1+*&3A" (1&("/&." ([+".(&*0&'0" C'&*$) &' 1)%3&*(.6" &*0")+0$3"8"
<J+(A"(&("&."&" [+ ("&*0"[10$"1)%3&*("&*0"&".(&*0&'0"C'&*$) &' 1) %3&* (P

Marginal misfit evaluation

The marginal misfit was performed at 120x magnification using a 1.0-u)"%'$21.1+*"
)12'+.2+%3$"<a@@O'KKOCQ]"g&3($"9dI6"?..3&'6"H$") &*5A"$eB1%%$0"[1 (/' &"0141(&3"2&)
$'&"<h;OTIE=Q]"h+0+"CF"W33$('+*12."I(06"8&+"-&B3+6"8&+"-&B3+6"C'&D13A"&*0"&*&35D%'
(QC 220-HH Quadra-Check 200; Metronics Inc., Bedford, Massachusetts, USA). The proO

cedures also involved a calibrated examiner with an intraclass correlation coefficient of

KPJJT"<%_ KPKKKIA6"&22+'01*4" (+"(/$".1*43%0.2'$[" ($.(" WFL22+B4." (/$")&' O

ginal misfit reading of the loop while the screw of the opposite pillar is tightened.

Q/$" '&)B[+N."[$'$"%+.1(1+*$0" +*" (/$")+0$3" &*0" (14/($*$0" [1(/"'1K"=2)"B.1*4"&"

0.1-Ncm precision digital torque meter (Torque Meter TQ-8800; — Lutron, Taipei, TaiO
[&*AP"Q/$"'$&01%4." +" %133&" @"[$'$" %$',+)$0" +*" (/$" 7B22&3" &*0" 31*4B&3".10%." 1*"
01&)$('12&335"+%%+.1($"%+.1(1+*."&,($"(/$"%133&™-".2'$["[&."(14/($*$0"&*0":12$":$".&P"
Q/$")$&.B'$)$*(."[$'$" %$',+)$0" +*" 7+(/" %133&'.6" &*0" &*" &:$'€&4%$" :&3B%" +,")1. O

B
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fit was obtained for each framework. Three average values of marginal misfit were
selected obtaining three groups: low (misfit average < 20 um); medium (misfit average
>20 pm and < 40 pm); and high (misfit average > 40 ym).

FO#/#%8-&/*3,-(-8:&*&

?" [+ 1D+*(&3" (&*.)1..1+*" %+3&'1.2+%$" 05:$33+%$0" 1*" (/$" @$2/&*12&3" #$.14*" 1&7+'&(+'5"
d$=*$"?237% (+"H+)10$6"82/++3"+," @$2/&*12&3"W*41*$$'1*4"+,"G$0$&3"9*1:$'.1(5" 9" 97$'
landia was used and consisted of two %-retardant wave filters and two polarizing filters,
2&33%$0"%+3&'1D$"&*0"&*&35D$P"?".(&*0&'0"%6+. 1(1+*" +"(/$"%0/+(+$3&.(12")+0%3."[&."+7 (&1 *$(
75")&N1*4. "+ (/$"%+3&'1.2+%$"%3&(,+' )P "'W&E2/",' &) B[+"[&."(14/($*$0"(+"(/$"%0/+(+$3&.
(12")+0$31(/"1KO=2)".(&*0&'01D$0"(+'eB$6"&3[&5.",+33+[1*4"(/$"(14/($*1*4" $eB$*2$"-O@P"
?"3&5%"+,")1*$'&3"+13"[&." &%%31$0" +*" (/$" %0/+(+$3&.(12")+0$3." (+"1)%"+:$" (/$": 1$["+," (/$"
,1*4%.P"Q/$"%/+(+$3&.(12")+0$3."[$'$"%+. L(1+*$0"+*"(/$"%+3&'1.2+%$6"&*0"(/$"1)&4$."[$'$"
+7(&1*$0"B.1*4"&"0141(&3"2&)$'&" <;&*+*" 8ITKd8]" @15& D&M "#&1./1*";&*+*">*2P6" @15&D&’
Z&%&*A" 1*" ([+" 01, $$*(" 2+*01(1+*.R" &,($" (14/($*1*4" (/1$" ' &)$[+." (+" (/$" %o/+(+$3&.(12"
models, and after applying a load of 100-N on the first molar. In the interval among the
&*&35.%5.6"(/$")+0$3."[$'$"$%("B*0$"MVm;" +"1K")1*B($."B*(13"*+".('$.."[&."+7.$":.$0"
B.1*4"(/$"%+3&'1.2+%$6"&:+101*4"(/$"%'$.$*2$"+,"$.10B&3".('$..",'+)"(/$"%'$:1+B."&*&35.1.P

Q/$"&*&35.1."+,"$&2/"1)&4$"[&."%$',+)$0"[1(/" &"4'&%/12" .+,([&'$"<?0+7$"-/+(+ O
J+%"8T "]"?0+7$"85.($).6"8&*"Z+.$6";76"98?A"&22+'01*4"(+"(/$":1.B&31D&(1+*"®,"1.+
2/+)&(12",'1*4$"+0$" [/$'$S", ' 1*4$"+0$™ +,"K"F' 73&27]"1"f": 1+3$(173B$" ('&*.1(1+*]" &*0"
E6"M6"N"f"$0i4'$$*" (&*.1(1¥*P33"1)&4%."[$'$"$:&3B&($0" 75" (/$".&)$" +%$'&(+P"Q/$"
&*&35.1."[&." .$%&'&($0" &22+'01*4" (+" (/$" 1*($*.1(5" <,'1*4$" +0$'A" &*0" 01.('17B(1+*"+,"
stress for different misfit levels and implant designs.

@*(*1%,%8%6%(/,-(-8:8*&

?".1)13&".1(B&(1+*"+,"(IB'Vitr0o"&..&5"[&.")+0$3$0"&*0".1)B3&(S0P"Q/$",'&) $[+""[&."

28*$0" 75" &" M#"2+*(&2(" . 2&**$" <@b#WI?" @H#IOEK]"'F+3&*06" Z&%&*A6" &*0" (/$"1)&4$."
were imported into the Autodesk Meshmixer 3.0 software (San Diego, CA, USA) to genO

erate the final post-scan image. All metallic components were created based on the real
components measurements (VMM-100-BT; Walter UHL, Asslar, Germany; and QC 220-

HH Quadra-Check 200; Metronics Inc., Bedford, MA, USA) in SolidWorks 2010 (SolidO
Works, Concord, MA, USA). Then, six models were assembled based on the misfit level
<3+[6")$01B)"&*0"/14/A"&*0"1)%3&*("0$.14*"<2+*.$*(1+*&3"&*0"./[+' (AP

Q/$"?=8j8"g+"\7$*2/"IN".+,([&'$"<?*.5.">*2P]";&*+*.7B'46"-26"98?A"[&."B.$0"(+"%$ O

)" (1$"%'$0%'+2$..1*46" %'+2$..1*4" &*0" %+.(0%'+23..1*4" &*&35.$.P" ?33") &($'1&3."[$'$"
2+*10$'$0" &." [+)+4$*$+B.6" 1.+('+%12" &*0" $3&.(12&335" 31*$&P" Q/$")&($'1&3" %'+%S$' (1$.
B.$0"&'$" /+[*"1 *"Q&73$"IP"233"2+*(&2(."[$'$".$("(+",'12(1 +H:&BKRPMAGIith exception
+"(/$&0"1*($',82%."<.2'$[."&*0"1)%3&*(i&'&301($A6"[/12/"[$'$".$("&."7+*0$0"2+*01 (1+*P"

The meshes were refined in contact areas and checked by element quality (Figure 2),

:&'51*4" '+)"IMIPUT!"(+"16KKTP!YJ"*+0%$."&*0"UMMPNMU"(+"UYTPNJE"$3$)$*(.P

QI$*6"(/$"8*&35.1."[&."01:10$0"1*"([+". 1)B3&(1+*.6")$2/&*12&3"3+&01*4"&*0")+3&" . 2'$["
(+'eB$P"WE2/".1)B3&(1+*"[&."01:10$0" 1*"M" .($%.6" 7$1*4" ($%"I"&*0"E" (/$".&)$" , +" 7+(/"
1)B3&(1+*.6"[/12/R"8($%" IR" C+3(" %'$O($*. 1+*" <EKKO=A"&(" (/$" &7BO$*(".2'$[.]" 8(3%" ER

G
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Table 1. C#2)"(#159°/9) "2) 156 1) 75("2. )D("(2)$I*) . ) "BC/ 7)1l

7-1%%+-8 I#.(+&.,6#).8.&,KLF-M F#*8&H(I&,$-1*#,KAM 2%D%$%(3%

'#7(2) <IKL KIM3 1, (BRI

NE#"(6 . 33K KI<0 POHEE(""$) 24113

/SN 30R KIQR R VO Y
A B c

L.
@*+.$%, FAnite element mesh refined at contact interfaces (A, vestibular view of model; B, Model C
sectioned; C, Model S sectioned).

C+3("%'$O($*. 1+*"'<IKKO=A"&(" (/1$"%'+.(/$(12"-" 2'HBF%"M&"'<@".2'$[" (+'eB$AR"Q/$" @"
prosthetic mini screw neck was set to fixed (zero degrees of freedom) and an axial disO
lodgement (high, medium and low) was applied at molar screw site to simulate misfit
$&31*4"75"%'$03+&01*4P"Q/$.$"$.B3(."[$'$"B.$0"1*"2+)%& L. +*"(+"(/$".2'$["(+'eBS$"($.("
0B$"(+".1)B3&(1+*"31) L(&(1+*."[1(/"*+"*$4&(1:$."2+*.$eBFS*2$."&("+7(&1*$0"$.B3(.P"8($%0"
3b (Mechanical Loading): An axial 100-N force was applied at molar to simulate the
)&.(12&(+'5" +'2$6"&*0" (/$",+2$" +%%+.1(1+*"[&." $(" (+"&'&301($"7&.1."<D$'+"0$4'$.." +,"
$B0+)AP";+*(&2("%'$012(1+*"[&."%'+4'&)$0" 7S([$$*"%'+.(/$.1."&*0"&7B()$*(P

The results were obtained after the third step. Maximum and minimum principal
(&1 [$'$" +7(&1*$0" ,+" (/$")+0$3.6" &*0":+* @1.$." .('$.." [&." +7(&1*$0" .+ (/$"
)$(&3312"2+)%+*$*(.P

2%8&.8/&

=(,4*I$#,)-1-,D$#H6, 0#/#%8-&/*3,-(-8:&*&

Q&733%$"E"&*0"G14B'$"M" /+["(/$".('5.."35:$3."&*0"01.('17B(1+*6"'$.9%6$2(1:$356"1*"(/$")+0$3.";"
and Sfor different levels of misfit under non-loaded and loaded conditions. The stress intenO
1(5"1."%'S.$%($0" &22+'01%4" (+" (/$"/14/$" ' 1*4$"+'0$" +7.$"$0" ,+" $&2/" 1) %3&*(P"H'$&($™
stress level was noted with the increase in the misfit level for both models under non-
3+&0%$0"&*0"3+&0$0"2+*01(1+*."<Q&73$"EAP"?,($"(14/($*1%4" (I$",' &) $[+".6")+0%$3.";"&*0"8"
showed similar stress distribution for all situations of misfit. However, peri-implant stress
[&."+7.$:$0"1*"(/$" B33"3$*4(/"+," (/$" .+ ("1)%3&*("&*0" (/$".&)$"2+*01 (1+*" 1."+7.$":$0"
&,($"3+&0"&%%312&(1+*"'<G14B'$"MAP"#3$.9%1($"+," (/$"3+&0" &%%312&(1+*6" 7+(/")+0$3." ./
1147$"2+%2$*(&(1+*"+,".('$.."&'+B*0"1)%3&*("@"<Q&73$"EAP"d+[$:$6"(/$".('S..$."[$'$"0D

H
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(17B($0"(+"1)%38*(""&, ($"3+&0"8&I6%3128&(1+*"1*")+0$3":6 [$ $&." +")+0$3"86"(/$".(‘$..$."
[$53+28($0"83)+.("$*(1'$35"&+B*0"(/$"/+'("1)%3&*("<1)%38&*(" @A"<G14B'$"MAP

In silico data from finite element analysis

G14B'$"N"&*0"Q&73%"M" ./+[" (/$".('$..")&%."01.(17B(1+*"&*0" -+ @1.$5.".('$.."<@-&A"GS$:
$3.6"$.%0$2(1:$356",+" (/$")$(&3312"2+)%+*$*(."+,")+0$3.";,"&*0"8" ,+" (/$"01,,$'$*("3$:$3."+,"
misfit. A similar stress maps distribution is observed for all simulated conditions (Figure 4).
d+[$:$6"1*"7+(/")+0$3."&".314/("1*2'$&.$"+,".('$.."1."+7.$:$0" 1*" (/$"01.(+2$:12&3"'$4 1 +*"

of implant/abutment P as higher is the misfit level. Overall, higher von Mises stress levels in

the components is observed for higher misfit levels conditions despite of the implant design

(Table 3). The von Mises stress levels of components of pillar P are not influenced by the
%'$.$*28" +," J+(" 1)%38&*(" <Q&73$" MAP" 1+)%8&'1%4" 1)%38*(" @" 0&(&6" 3+[$" +*" @1.$." .(‘5.."
values were found for Model S despite of the misfit level (Table 3).

Table 2AStress intensity (fringe order) according to the model and implant without and with load application
for different misfit levels.

TH%8," 7H)%8,?
Ot 8#) P*(0,81#) Of,8#) P*(0,8#)
=68-(/, =68-( =68, =68-(, =68, =68-(, =68, =68-(,
7 F 7 F 7 F 7 F

Misfit level

=

Low (< 20 pm) K K R 3 K K

Medium (> 20 um and < 40 pm) 3 K R < 3 K

High (> 40 pm) Q 3 S M Q <
TS/, /7)%P82.)Y(, 9H# " BCS)9")1) 2182 )81. /" %( , 9*#"2

e

3
K
<

-

Model C Model S
No load With load No load With load

=]
1
n

@*+.9%,Sess distribution in models C and S without load and with load for different misfit levels.

Low
misfit level
<20 um

Medium
misfit level
>20 um and

<40 um

High
misfit level
>40 um




Low
misfit level
<20 pm

Medium
misfit level
>20 ym and

<40 pm

High
misfit level
>40 pm

Model C

=3 =3 =%
=3 =33

Model S

I 355

= 100
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@*+.$%,®an Mises stress (MPa) distribution in the metallic components according to the model (model

C and S) and the misfit levels (low, medium and high).

Table 3AMaximum von Mises Stress (MPa) levels of the metallic components according to the model for

the different misfit levels.

Misfit level
HEHN( KSI,?:fF;,U6M KV,<T,l7JzS/(,’?Z).,GS,BT,U6M KV\,Ag{?JGM
TH#)%8," TH#)%8,? T#)%8," T#)%8,? TH#)%8," TH#)%8,?

D'#,)G/'@ 3RR 3Q0 3RO 3M0 3RO 3RS
1862 ,)"%0 LO 0Q SO 3KK 33L 33M
1862 ,)"%8C 30R 3<0 3<R 3<3 3QM 3MU
1862, )" %P-")GSO QMK QQMm QQs QMQ <SO QKU
1862, )" %P-")GIC QRM Q<< <LU <LS <LO Q<R
0'/12.)2(-$P-")GS0 <MO <M3 <Q0 <M3 <0< <LS
0'/12.)2-$P-")GSCT W w Wy W W w

I, 9*#""250 30K 30K 3QM 3Q3 3MM 3ML
I, 9*#"%C 30K 3KR 3QM 33M 30S 330
CHX(, 6 , $A#'6) QRM QQM QQs QMQ <S0 Q<R

TN.)SLQS/>$/#TS#I (-#A/ "), ("#2)182.)8"") ) 78/>89" /12 .)2(-$1-")GSCS$-/ , /™) "8-")#2(/"'$>/" DI 1§t #H1(1I

Q
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The pstrain distribution and levels for models C and S for the different misfit levels are

shown in figures 5 and 6. Maximum and minimum principal elastic strain data were
$352($0"(+"133B.(‘'&($"(/$".('$.."01.('17B(1+*"1*"(/$"'$.1*"73+21."0BS"(+"(/$": 1$[1*401) 1
larity with the photoelasticity patterns. The pstrain data was selected to represent the
('$.."3$:$3." 1% (/$$. 1¥"73+21"75"7$1*4"(/1$".&)$"B*1(5"4$*$'&($0" 75" (/$"%/+(+$3&.(12"
analysis. The higher the misfit level, the greater is the strain concentration (Figure 5).

Model S showed higher pstrain values under all misfit levels simulation when comO
%&'$0"(+")+0%$3";"<G14B'$"UAP" @+0$3"8"./+[$0"/14/$"%$'2$*(&4$":&'1&(1+*"<0A"+,":+*"
Mises stress values between low and high misfit level (Figure 7).

Maximum Principal Elastic Strain Minimum Principal Elastic Strain

Model C Model S Model C Model S
x10° x10°

Low 10

¥ § ' :
G 5 % 5 5 10 & s % 5
misfit level I
<20 um ‘ ‘ 500
o428
i 357 .
a 1
% % 5 % _
Medium 285 428
misfit level o4 1
>20 um and i
<40 ym
142 714

71 857

. 3 ' 1 o 2 ‘
B 5 % 5 0 5 5 & L 000
High 5 I
misfit level 20 -6100
>40 ym

@*+.$%, ®Faximum and Minimum Principal pstrain distribution of the resin block according the model
(model C and S) and misfit level (low, medium and high).

6000 - = Max

4367 4464
2000 4 4017 Min

2000 -

W strain

-4000 -

-6000 - -5365

-5909 -6049

-8000

Model C Model S | Model C Model S Model C Model S
Low Misfit Medium Misfit High Misfit

@*+.$%, Wraximum and Minimum Principal pstrain levels of the resin block according the model (model
C and S) and misfit level (low, medium and high).
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061 = Model C

05 4 05 Model S
0.4 037
0.3 A

2
0 015 014 014216 013 012

0.11
0.1 4 0.17
002 0.009 * l l
0

-0.007 I
-0.7 A -0.08

-0.12

Percentage Variation (%)

-0.2 4
0.3 | |

T
Framework Abutment P Abutment M

-0.21

Abutment f Abutment f Proslhetlcl Prosthellcl
ImplantP  Implant P

screw P screw M screw P screw M
Component

@*+.$%,NAriation (%) of von Mises stress values of model C and S between low and high misfit level. The
reference of total value was the low misfit data. *The prosthetic screw M was not created for FE analysis.

Y*&3.8&&*#(

-[+(+$3&.(121(5" &*0" GW" &*&35.%." ./[+[$0" '$31&73%" &*0".1)13&" '$.B3(.6" &22$%0(1*4" (/$"
first research hypothesis. Both methodologies detected that the increase of misfit
3$:$3."4$*$'&($0"/14/$™ .('$.." 3$:$3." &*0" %'+0B2$0" .1)13&™ .('$..$." %&(($™*" &'+B*0"
(/$"1)%3&*(.P"8B2/".1)13&""$.B3(."7$([$$*"%/+(+$3&.(121(5"&*0"GW?"[$'$"&3.+"$%+'($0"
75"&"%'$:1+B.".(BO5" (/&("1*:$.(14&($0" (/$" .('$..$." 4$*$'&($0" &'+B*0" 1) %3&*(." [1(/"

01, $'$*("1*($"*&302+*$"&7B()$* (‘P

Photoelasticity is an experimental analysis and allows the use of real components;
therefore, the 3D misfit generated by the casting procedure can be accurately reproO
0B23$0PIn contrast, the reproduction of misfits by FEA is usually simplified by a gap
T[S ([+"2+)%+*$*(."[1(/"%&'&33$3"2+*(&2(".B',&2%.P"8B2/". 1 (B&(1+*"2&*"B*0H
$.(1)&($" (/$"'$.B3(&*(".('5.." 35:$3." &."*+($0" 1*" (/1$" %'$.$*(" .(BOSP" Q/$" %/+(+$3&.(12"
&*8&35.1."[&.")+'$".$*.173$"(+"0$($2("(/$"1*2'$&.$"+,".($.. [1(/"(/$"1*2'$&.$"+,)& O
ginal misfit. However, FEA presents an important advantage providing the stress levO
$3."+ (18" 2+)%+$*(." +," (/1$" .5.($)P" G+" (/$.$"'$.B3(.6" &".314/(" 01,,$'$*2$" 1*" (/$"
stress concentration is observed among the different misfit levels (Figure 4). Such
slight difference can be also justified by the limited simulation of misfit levels by FEA.
Q/B.6"(/$"2+)71*$0"B.$"+,"%/+(+$3&.(121(5"&*0"GW?"1.". B44$.($0", +"(/$"1*:$.(14&(1+*"
+"(/$"71+)$2/8*128&3"7$/&: 1+"+,"1)%3&*(0.B%%+ ($0"'$/& 7131 (&(1+*.P"

In this study, two conditions for the rehabilitation of the posterior maxilla region were
simulated. The first condition involved available bone tissue for the placement of
([+"2+*:$*(1+*&3"1)%3&*(.P"d+[$:$'6" 1*" (/$" %+.($'1+"'$41+*" (/$" 7+*$"(1..B$" 1." +,($*"
$:$'$35"'$.+'7506" '$eB1'1*4" .B'412&3" %'+2$0B'$." .B2/" &." .1*B." 31, (" %'1+" (+" 1)%3&*("
%3&2%$)$*(P" Q/$" %3&2$5)$*(" +," &" ./+'(" 1)%3&*(" [+B30" &:+10" (/$.$" %'+2$0B'$.6" [1(/"
%'+)1.1*4"$.B3(."1*"(/$"31($'&(B"$P<

According to the photoelasticity and FEA results, higher misfit increased the stress
3$:$3."1*"(/$"1)%3&*(0.B%%+'($0".5.($)"1*0$%$*0$*("+," (/$".B%%+' (1*4"2+*01L (1 +*P"G+"

IT
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this study, the condition of total passivity (no misfit) was not evaluated since the
absence of a totally passive fit framework is expected."?3(/+B4/".+)$"&B(/+'.".B4 O

gest empirical values of misfit between 10 and 150 p)"(+"7$"231*12&335"&22$%(&73%6
the findings of this study are that small increments of misfit resulted in an increase

+,". (.. 1%($*.1(5"&*0"01. ('17B(1+*" 1*0$%$*0$*("+," (/$" .(‘$.." &*&35.1.")$(/+0+3+45P"
These findings corroborate that small misfits for screwed implant-supported prostheO
1."2+B30"2'$&($"&"/14/"0$4'$$"+,".('$.." & +B*0" (/$"1)%3&*("7+01$."0B$" (+" (/$"31) 1($0"
)+:$)$*('<LPSPE"(/$"&7.$*2$"+,"%3$'1+0+%(&3"314&)$* (AP

Q/$" 01, $'$*(" 0$.14%." +," 1)%3&*(." %'+)+($" 01, $'$*28." 7$([$$*" (/$" ) +0$3." [/$*"
compared under the same level of misfit. In contrast with the conventional implant
@"+,")+0%$3";6" (/$",B33"3%*4(/" +," (/$" .1+ (" 1)%3&*(" 1*" (/$")+0$3" 8" [&." 1*:+3:$0" 75"
stresses areas, observed in both stress analysis. This could be explained by the locaO
(2+*"+,"(/$"3+&0]"/+[$:$'6" (/1.".('S.." 2+*2$*('&(1+*" %&(($™*" 1.") &1 *(&1*$0" $:$*" [/$*"
(/$"3+&0"1."*+(" &%%31$0" 1*" (/$" %/+(+$3&.(12"&*&35.1.P" ?23(/+B4/"GW?" ./+[.".(‘'$..$." 1*"
(/$" 2+'+*&3"'$41+*" +," 3+&0$0" 2+*:$*(1+*&3" 1)%3&* (" <)+0$3" ;A" &." [$33"<G14B'$"TA6" 1(
3$*4(/"&33+[.", +"&"TH(($"01.('L7B(1+*"+,".('$..$."35:$3."[/$*"2+)%&'$0" (+" (/1$" I+ ("
implant. The presented pstrain data (Figure 6) confirm the higher concentration of
($..5."1*"(/$",B33")+0$3"8P"Q/1."2+*01(1+*"2&*"7$" %+($*(1&335"0&)&41*4" +" (/9"'$/&
bilitation with short implants. Corroborating these findings, a previous study®"2+*O
23B0$0" (/&(".('$..$." &'+B*0" ./+'("&*0"[10$" 1)%3&*(." 1." 1*2'$&.$0" [/$*" 2+) % &'$0"
(+"2+*:$*(1+*&3"1)%3&*(.P"?3.46" (/$"%'$.$*2%"+,".('$..$."&'+B*0" (/$"2+'+*&3" (/1'0"+,"

S+ ("1)%38(."$)%/&.1D$."(/$"2+*2$*"&T+B("8&*"1*2'$&.$"+,"T+*$"$. +'%6(1+*"&*0" 1. A"
+,",&13B"BRQ/B.6"7$2&B.$" 7+*$"'$&7.+'%(1+*" 1.")+'$"2'1(12&3" ,+"./+'("1)%3&*(."0BS$"

to their length, minimum misfit values should be emphasized for the production of
implant fixed prosthesis,"+7(&1*1*4"&"2+*01(1+*"23+.$" (+"%&..1:1(5"&*0"'$0B21&A" 2+*
28*('&(1+*"+,".('$.."&'+B*0"2+'+*&3"$41+*"+,"(/1."1)%3&*("0%.14*P"

+*28*1*4"(/$")$(&3312"2+)%+*$*(."&*&35.1."75"GW?6"/14/$":+*"@1.$.".('S..".&3BS$."
were noted with the increase of misfit level. However, the misfit values simulated in

the present study were not sufficient to predict a failure in the components. All the von
@1.%.".(%..":&3B3."[$'$"3+H[$" (/&*" (/$" ($*.13$".($*4(/",+" &33")&($'1&3."$:&3B&($0R"
7+ <TTE"(+"IKMN" @-&A'&*0" 2% Q1" <NYK" (+"TTE"®@1&@12& (14" (/&("*+",&13B'$" +"
mechanical complications would occur under such misfit levels.

SH0$%S0$*(35"+,"(I$" &S +*" @1.$.".('$..":&3B%." +B*0" 1*"2+)0+*$*(.6" (I$$"&'S"
1)%+(&*("01, $5*2$." 7$([$$*")+0$3." ;" &*0" 8P" Q/$"%'$.$*2$" +," (/$" ./+'(" 1) %3&*("

(19" %133&" @6"3+[$" +" @1.%.".('5.." 0&(&"[&." ,+B*0" ,+" (/$" J+'(" 1) % 3&* (" [/$*"
compared to conventional implant. This can be justified by the higher diameter of the
JH("1)%3&* ("(1&("&33+]."+"& TH(($".('$..$."01.. 1% &(L+*"1*"(/$" 4L +*"+,"(/$"1) % 3&*(i
&7B()$*(" 2+**$2(1+*P" d+[$:$'6" 03.%1($" +," (/$" 3+[$".('$.." :&3B$." +7.$"$0" 1*" (/$"
component, the presence of short implants induced higher ustrain values on the surO
'+B*01*4".5.($)P">*"&001(1+*6"/14/$™.('$..":&3BS."[$'$"0$($2($0",+"&3)+.("&33"2€)
Yo+*$*(."+,"(/$")+OSI[L(/"./+'("1)%3&* (P "Q/1.")B&*." (/& ("(/$"2+) Yo +*$*(."+,") +0$3"8"
showed higher difference on von Mises stress values between the low and high misfit
levels. This can suggest that the model S is more influenced by the misfit increasing.
Higher levels of misfit could potentially promote failures for all biomechanical system,
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1*23B01*4" 1*" (/$")$(&3312" 2+)%+*$*EFThus, as the increase of marginal misfit is
)+$"2'1(12&3" +"/+'("8*0"10$"1)%3&*(.", +"&33"1) %3&*(0.B%%+ ($0".5.($)6"(/$".$2+*0"
'$.$&'2//5%-+(/$.1."[&."0$*1$OP

b(/$" (5%$." +," 1)%3&*(" 2+**$2(1+*" &*0" 01, $'S*(" 3$*4(/." +," .J+'(" 1)%3&*(" [$'$" *+("
1%:$.(14&($0P"Q/$'$,+'$6" ,B(B'S".(BOLS."[1(/" 01, $'$*(" 1)%3&*(" 2+**$2(1+*." &*0" 3$*4(/."
&'S"[&"&*($0" (+":$'1,5" (/$"1)%'+:$)S*("+," 71+)$2/8*12&3" 7$/&: 1+" +," /+'("&*0"[10$"
1)%3&*(.P";+*2$*1*4" (/$" .(‘$.." &*&35.1.")$(/+0+3+41$.6" $:$*" (/+B4/" Yo/ +(+$3&.(121(5"

and finite element analysis have particularities, there are similarities and important
2+)%3%)$*(&'5"2&%&21 (5" 7$([$$*" (/$*P"Q/B.6"(/$1"2+)71*$0"B.$")&5"7$"$*2+B'&4$0"
A($"1%:$. (14&(1++"+,"(/$"71+)$2/8*12&3"T$/&: 1+"+,"1)%3&*(0.B% Yo+ ($0"$/& 7131 (&(1+*.P

G'+)"(/1.".(BO5" 1(" 2&*" 7$" 2+*23B0$0" (/&(" (/$"'$.B3(." +," %/+(+$3&.(121(5" &*0" GW?" &'$"
2+)%3$)$*(&'5"&*0"%'$.$*(".1)13&'1(1$.",+"%$'11)%3&*("$:&3B&(1+*P"?3.+6"(/$"1*2'$&.$"1*"
marginal misfit produces higher stress concentration in a 3-unit FDP implant-supported
'$/&7131(&(1+*Pd+[$:$6"1("1.")+'$"2'1(12&3"[/$*"&"%+.($'1+"./+'("1)%3&*("1."B.$OP

53C (#:8%)+%6%(/&

Q/1.".(B05"[&.".B%%+'($0" 75" (/$" 8&+"-&B3+"F$.$&'2/" G+B*0&(1+*' <G?-W8-A" <4'&*("
rEKINIIJEUNOKA"&*0";++'01*&(1+*",+" (/$">)%'+:$)$*("+,"d14/$""WOB2& (1+*"'-$'.+O
*$3"<;?-WBA"<4'&*("r'VVYIEKIN"-FbWIAP"Q/$"&B(/+'."&'$"4'&($,B3"(+"-'+,$..+ " @&B'+"
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