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5*61 To compare the reliability between photoelastic and finite 
$3$)$*(" <GWA" &*&35.$." 75" $:&3B&(1*4" (/$" $,,$2(" +," 01,,$'$*("
marginal misfit levels on the stresses generated on two different 
1)%3&*(O.B%%+'($0" .5.($)." B.1*4" 2+*:$*(1+*&3" &*0" ./+'("
1)%3&*(.P"7%/0#)&1" Q[+" %/+(+$3&.(12" )+0$3." [$'$" +7(&1*$0R"
)+0$3";"[1(/"([+"2+*:$*(1+*&3"1)%3&*(."<NP!\!!"))A]"&*0")+0$3"
8"[1(/"&"2+*:$*(1+*&3"&*0"&"./+'("1)%3&*("<T\U"))AP"Q/'$$OB*1("
CoCr frameworks were fabricated simulating a superior first 
pre-molar (P) to first molar (M) fixed dental prosthesis. Different 
levels of misfit (µm) were selected based on the misfit average 
+,"!K",'&)$[+'^."+7(&1*$0"75"(/$".1*43$O.2'$["($.("%'+(+2+3R"3+["
<_EKA6")$01B)"<`EK"&*0"_NKA"&*0"/14/"<`NKAP"8('$.."3$:$3."&*0"
01.('17B(1+*" [$'$")$&.B'$0"75"%/+(+$3&.(12"&*&35.1.P"?" .1)13&'"
.1(B&(1+*"+,"(/$"in vitro"&..&5"[&."0$.14*$0"&*0".1)B3&($0"75"(/$"
in silico analysis. Maximum and minimum principal strain were 
'$2+'0$0"*B)$'12&335"&*0"2+3+'O2+0$0",+'"(/$")+0$3.P"a+*"@1.$."
8('$.." [&." +7(&1*$0" ,+'" (/$" )$(&3312" 2+)%+*$*(.P" 2%&.8/&1"
-/+(+$3&.(121(5"&*0"GW"&*&35.$."./+[$0".1)13&'"($*0$*25"[/$'$"
the increase of misfit generates higher stress levels despite of 
(/$"1)%3&*("0$.14*P"Q/$"./+'("1)%3&*("./+[$0"3+[$'":+*"@1.$."
.('$.." :&3B$.]" /+[$:$'6" 1(" %'$.$*($0" .('$..$." &'+B*0" 1(." ,B33"
3$*4(/",+'"(/$"in vitro"&*0"in silico"&*&35.1.P"?3.+6")+0$3"8"./+[$0"
higher µstrain values for all simulated misfit levels. The type of 
1)%3&*("010"*+("&,,$2("(/$".('$..$."&'+B*0"%133&'"-P""#(38.&*#(&1"
-/+(+$3&.(121(5"&*0"GW?"&'$" '$31&73$")$(/+0+3+41$."%'$.$*(1*4"
.1)13&'1(5",+'"(/$"1*:$.(14&(1+*"+,"(/$"71+)$2/&*12&3"7$/&:1+'"+,"
1)%3&*(O.B%%+'($0"'$/&7131(&(1+*.P"

9%:;#$)&1" C1+)$2/&*12&3" -/$*+)$*&P" #$*(&3" >)%3&*(.P"
b%(12&3"-/$*+)$*&P"G1*1($"W3$)$*("?*&35.1.P
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=(/$#).3/*#(

#$.%1($"(/$"/14/".B22$.."'&($."+,"1)%3&*(O.B%%+'($0"'$/&7131(&(1+*"0$)+*.('&($0"+:$'"(/$"
5$&'.6! "(/1."1..B$"2+*(1*B$."(+"7$"&*"+*4+1*4"'$.$&'2/"4+&3"1*"#$*(1.('5P"Q/$"&(($*(1+*"1*"(/1."
field persists as clinical problems may occur with implants due to the considerable differO
$*2$"1*"(/$"71+)$2/&*12&3"7$/&:1+'"+,"1)%3&*(."&*0"*&(B'&3"($$(/PE"#1,,$'$*(35",'+)"*&(B'&3"
($$(/6"7+*$"(1..B$"&*0"1)%3&*(."&'$"'141035"2+**$2($0"&*0"0+"*+("&33+[".('$.."&7.+'%(1+*"&."
%'+)+($0"75"(/$"%'$.$*2$"+,"%$'1+0+*(&3"314&)$*(PM As a consequence, misfit can generate 
.('$..$."1*"(/$"1)%3&*(".5.($)"$:$*"[1(/+B("3+&0"&%%312&(1+*PM6N Since the presence of misfit is 
&"231*12&3"'$&31(56N obtaining acceptable fit levels is very important to the longevity of the implant 
('$&()$*(] T6U"+(/$'[1.$"71+3+412&3"&*0")$2/&*12&3"2+)%312&(1+*."2&*"%+($*(1&335"+22B'PV

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"
&7B()$*(.P Y">*" (/1." .$*.$6" ./+'("&*0" [10$"1)%3&*(." '$0B2$"(/$" .('$.."&*0" .('&1*"1*"
the periimplant bone in the posterior maxilla in comparison to conventional implants 
%3&2$0"1*"(/$"4'&,($0".1*B.PJ6!K"?3.+6"./+'("1)%3&*(."<_!K"))A"2&*"&:+10".B'412&3"%'+O
2$0B'$.".B2/"&."'104$"&B4)$*(&(1+*"&*0".1*B."31,(6"[/12/"1*:+3:$."4'$&($'")+'7101(5"
,+'"(/$"%&(1$*(6"3+*4$'"('$&()$*(."&*0"/14/$'"2+.(.PYc!K

8/+'("1)%3&*(."2&*"7$"&"%'$012(&73$"&3($'*&(1:$"[/$*"B.$0"B*0$'"'14+'+B."231*12&3"%'+O
(+2+3.6!! ".B2/"&."(/$"+%(1)1D&(1+*"+,"+223B.1+*"+,"(/$"%'+.(/$.$.6Y where its deficiency 
1." &" 2+))+*" 2&B.$" +," 1)%3&*(O.B%%+'($0" '$/&7131(&(1+*" ,&13B'$P!E" >*" &001(1+*6" (/$"
increase in diameter of short implants shows benefit for stress distribution.!M"?"%'$O
:1+B."'$:1$["&'(123$"$:&3B&(1*4"(/$"71+)$2/&*12&3"7$/&:1+'"+,"./+'("1)%3&*(."./+[$0"
&" .1)13&'" .B':1:&3" '&($" &*0" 7+*$" '$.+'%(1+*" [/$*" 2+)%&'$0" (+" (/$" 2+*:$*(1+*&3"
1)%3&*(.PY"d+[$:$'6"0$.%1($"(/$"0$2'$&.$"+,"(/$".('$..":&3B$."&'+B*0"(/$"1)%3&*(.6J6!K"
the influence of marginal misfit in this type of implants was not evaluated.

In vitro" 1*:$.(14&(1+*." +," .('$.." 3$:$3." 2&*" 7$" 2+*.10$'$0" &" 2/&33$*4$" 1*" %'+.(/+0+*(12."
'$.$&'2/$."&."$&2/")$(/+0+3+45"/&."1(."+[*".1*4B3&'1(1$.P"?)+*4"(/$")&1*")$(/+0."B.$0"
,+'" in vitro".('$.."1*:$.(14&(1+*"&'$"%/+(+$3&.(121(5E6N and finite element analysis (FEA).E6!N6!T"
-/+(+$3&.(121(5"%'+:10$."&"eB&31(&(1:$"'$.B3("+,"(/$".('$.."01.('17B(1+*"&*0")1)12."(/$"231*1O
2&3".2$*&'1+"75"B.1*4"'$&3"2+)%+*$*(."<1P$P"1)%3&*(.6"&7B()$*(."&*0",'&)$[+'̂ .APE6N6!U"GW?"
&33+[.",+'"0$(&13$0"1*,+')&(1+*"+,"(/$".('$.."0&(&!U"&*0"&3.+"%'+:10$."(/$".('$.."1*"(/$"2+) O
%+*$*(."+,"(/$"1)%3&*(O.B%%+'($0".5.($)6E"[/12/"1."*+("%+..173$"(/'+B4/"%/+(+$3&.(121(5P"
C&.$0"+*"(/$.$"%&'(12B3&'1(1$."+,"(/$")$(/+0+3+41$.6"%'$:1+B.".(B01$."'$2+))$*0$0"(/$1'"
2+)71*$0"B.$PE6!N6!U"#$.%1($"(/1."'$2+))$*0&(1+*6"(/$"'$31&7131(5"7$([$$*"%/+(+$3&.(121(5"&*0"
GW?")$(/+0+3+41$."&'$"*+("5$("[$33"$.(&731./$0",+'"(/$"1*:$.(14&(1+*"+,"(/$"71+)$2/&*12&3"
7$/&:1+'"+,"(/$"1)%3&*(O.B%%+'($0".5.($)P"Q/B.6"&"2+)%&'1.+*"7$([$$*"(/$.$"([+")$(/+0O
+3+41$."B*0$'"(/$".&)$".1)B3&(1+*"1."[&''&*($0P

Q/$'$,+'$6"(/1.".(B05"&1)$0"(+"2+)%&'$"(/$"'$31&7131(5"7$([$$*"%/+(+$3&.(121(5"&*0"GW?"
)$(/+0+3+41$."75"$:&3B&(1*4"(/$".('$..$."%&(($'*."1*"2+*:$*(1+*&3"&*0"./+'("1)%3&*(."
with three different marginal misfit levels. The research hypotheses were as follows: 
<!A"Q/$"%/+(+$3&.(121(5"&*0"GW?")$(/+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



>

Presotto et al.

7-/%$*-8&,-(),7%/0#)&

?/.):,)%&*+(

Q[+" 2+*01(1+*." [$'$" $:&3B&($0R" !A" )+0$3" ;R" ([+" .(&*0&'0" C'&*$)&'^" 1)%3&*(."
(external hexagon (EH), 4.1 × 11 mm; SIN – Sistema de Implante, Sao Paulo, SP, 
C'&D13A]"&*0"EA")+0$3"8R"+*$"2+*:$*(1+*&3"1)%3&*("<Wd6"NP!"\"!!"))A"&*0"+*$"./+'("
&*0" [10$"1)%3&*("<Wd6"T"\"U"))]"8>="c"81.($)&"0$">)%3&*($6"8&+"-&B3+6"8-6"C'&O
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 µm), medium (> 20 µm and 
< 40 µm) and high (> 40 µm) misfit. Qualitative photoelastic analysis was used to 
$:&3B&($"(/$".('$.."3$:$3"&*0"01.('17B(1+*"1*"%$'11)%3&*("'$41+*"B*0$'"([+".1(B&(1+*.R"
*+*O3+&0$0"<&,($'"(14/($*1*4"+,",'&)$[+'^."(+"(/$")+0$3.A]"&*0"!KKO="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+'O2+0$0" ,+'" (/$"
)+0$3."<*+*O0B2(13$")&($'1&3A"[/13$":+*"@1.$.".('$.."[&."+7(&1*$0",+'"(/$")$(&3312"
2+)%+*$*(."<0B2(13$")&($'1&3.A"<G14B'$"!AP

Master Model Frameworks
fabrication (n=10)

Photoelastic Models
Fabrication

Photoelastic
Analysis

Stress level and
distribution in

periimplant region

Von Mises
stress for the

metallic components

Maximum and
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Finite Element Analysis
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to Experimental Analysis)

Selection of three misfit levels:
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Misfit Analysis
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@*+.$%,!A Flowchart of study methodology design. 
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@$-6%;#$C&,D-E$*3-/*#(

?".($$3")&.($'")+0$3"[1(/"01)$*.1+*."+,"MK"\"EK"\"!T"))"[&.",&7'12&($0"[1(/"([+"
0'133" /+3$." !Y" ))" ,'+)"$&2/"+(/$'"<2$*($'" (+"2$*($'A"&*0" ([+" )1*1"&7B()$*("&*& O
3+4.".2'$[$0"+*"(/$")+0$3P"b:$'2&.($0")1*1"&7B()$*("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/$" ,'&)$[+'^." <*f!KA" [$'$" +:$'2&.($0" 1*" ;+;'" &33+5" <8(&'3+5" ;]" #$4B0$*(6"
#$*(.%356"d&*&BOg+3,4&*46"d$..$6"H$')&*5A"&,($'"1*23B01*4"1*"1*:$.()$*(" )&($'1&3"
<H13:$.(" d8]" Ch" H1B31*16" IB0[14./&,$*6" F/$1*3&*0O-,&3D6" H$')&*5AP" Q/$" ,'&)$[+'^."
were processed by airborne-particle abrasion (110-µm Al2O3 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.

F0#/#%8-&/*3,6#)%8,D-E$*3-/*#(

?".1312+*$"1)%'$..1+*"<81317+']"81317+'">*0B.('1&"$";+)$'21+"I(0P6"8&+"-&B3+6"8-6"C'&D13A"
[&."+7(&1*$0",'+)"(/$")&.($'")+0$3i('&*.,$'".$(P"Q/$"1)%3&*(."[1(/")1*1"%133&'."<@1*1"
?7B()$*("O"Wd"NP!"\"E"))]"8>="c"81.($)&"0$">)%3&*($6"8&+"-&B3+6"8-6"C'&D13A"[$'$"
(14/($*$0"+*"('&*.,$'."+,".1312+*$"1)%'$..1+*P"Q/$"%/+(+$3&.(12"'$.1*"<?'&301($"Hj"EVJ"
CF"&*0"2&(&35.("?'&0B'"dj"EJUM]"?'&3($2";/$)12&3."I(0P6"HB&'B3/+.6"8-6"C'&D13A"[&."
)&*1%B3&($0"[1(/"(/$"%'+%+'(1+*"+,"E"%&'(."+,"'$.1*"(+"!"%&'("+,"2&(&35.(",+'"!")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"&("&"%'$..B'$"+,"UK"^4,i2)E"(+"%'$:$*("
7B773$."1*"(/$")&($'1&3P"Q/$"%/+(+$3&.(12" '$.1*"[&." .3+[35"%+B'$0"+:$'"(/$"1)%'$.O
.1+*P"Q/$".&)$"%'+2$0B'$"[&."%$',+')$0"[1(/"./+'("&*0"[10$"1)%3&*("&*0"2+*:$* O
(1+*&3"1)%3&*(."(+"+7(&1*"(/$".$2+*0"%/+(+$3&.(12")+0$3P"?,($'"VE"/+B'.6"(/$"('&*.,$'."
[$'$" '$)+:$0" ,'+)" (/$" .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"(/&("/&."([+".(&*0&'0"C'&*$)&'^"1)%3&*(.6"&*0")+0$3"8"
<./+'(A"(/&("/&."&"./+'("&*0"[10$"1)%3&*("&*0"&".(&*0&'0"C'&*$)&'^"1)%3&*(P

Marginal misfit evaluation

The marginal misfit was performed at 120× magnification using a 1.0-μ)"%'$21.1+*"
)12'+.2+%$"<a@@O!KKOCQ]"g&3($'"9dI6"?..3&'6"H$')&*5A"$eB1%%$0"[1(/"&"0141(&3"2&)O
$'&"<h;OT!E=Q]"h+0+"CF"W3$('+*12."I(06"8&+"-&B3+6"8&+"-&B3+6"C'&D13A"&*0"&*&35D$'"B*1("
(QC 220-HH Quadra-Check 200; Metronics Inc., Bedford, Massachusetts, USA). The proO
cedures also involved a calibrated examiner with an intraclass correlation coefficient of 
KPJJT"<%_KPKKK!A6"&22+'01*4"(+"(/$".1*43$O.2'$["($.("%'+(+2+36M"[/12/"./+[."(/$")&' O
ginal misfit reading of the loop while the screw of the opposite pillar is tightened. 

Q/$",'&)$[+'^."[$'$"%+.1(1+*$0"+*"(/$")+0$3"&*0"(14/($*$0"[1(/"!K"=2)"B.1*4"&"
0.1-Ncm precision digital torque meter (Torque Meter TQ-8800; – Lutron, Taipei, TaiO
[&*AP"Q/$" '$&01*4." ,+'"%133&'"@" [$'$"%$',+')$0"+*" (/$"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
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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 µm); medium (misfit average 
> 20 µm and < 40 µm); and high (misfit average > 40 µm). 

F0#/#%8-&/*3,-(-8:&*&

?" /+'1D+*(&3" ('&*.)1..1+*" %+3&'1.2+%$" 0$:$3+%$0" 1*" (/$" @$2/&*12&3" #$.14*" I&7+'&(+'5"
d$**$'"?37$'(+"H+)10$6"82/++3"+,"@$2/&*12&3"W*41*$$'1*4"+,"G$0$'&3"9*1:$'.1(5"+,"97$'O
landia was used and consisted of two ¼-retardant wave filters and two polarizing filters, 
2&33$0"%+3&'1D$'"&*0"&*&35D$'P"?".(&*0&'0"%+.1(1+*",+'"(/$"%/+(+$3&.(12")+0$3."[&."+7(&1*$0"
75")&'^1*4."+*"(/$"%+3&'1.2+%$"%3&(,+')P"W&2/",'&)$[+'^"[&."(14/($*$0"(+"(/$"%/+(+$3&.O
(12")+0$3"[1(/"!KO=2)".(&*0&'01D$0"(+'eB$6"&3[&5.",+33+[1*4"(/$"(14/($*1*4".$eB$*2$"-O@P"
?"3&5$'"+,")1*$'&3"+13"[&."&%%31$0"+*"(/$"%/+(+$3&.(12")+0$3."(+"1)%'+:$"(/$":1$["+,"(/$"
,'1*4$.P"Q/$"%/+(+$3&.(12")+0$3."[$'$"%+.1(1+*$0"+*"(/$"%+3&'1.2+%$6"&*0"(/$"1)&4$."[$'$"
+7(&1*$0"B.1*4"&"0141(&3"2&)$'&"<;&*+*"8lTKd8]"@15&D&^1"#&1./1*";&*+*">*2P6"@15&D&^16"
Z&%&*A"1*" ([+"01,,$'$*("2+*01(1+*.R"&,($'" (14/($*1*4" (/$" ,'&)$[+'^." (+" (/$"%/+(+$3&.(12"
models, and after applying a load of 100-N on the first molar. In the interval among the 
&*&35.$.6"(/$")+0$3."[$'$"^$%("B*0$'"MVm;",+'"!K")1*B($."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$"-/+(+ O
./+%";8T n ]"?0+7$"85.($).6"8&*"Z+.$6";?6"98?A"&22+'01*4"(+"(/$":1.B&31D&(1+*"+,"1.+O
2/'+)&(12",'1*4$"+'0$'"[/$'$",'1*4$"+'0$'"+,"K"f"73&2^]"!"f":1+3$(i73B$"('&*.1(1+*]"&*0"
E6"M6"N"f"'$0i4'$$*"('&*.1(1+*P!Y"?33"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.

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

?".1)13&'".1(B&(1+*"+,"(/$"in vitro"&..&5"[&.")+0$3$0"&*0".1)B3&($0P"Q/$",'&)$[+'^"[&."
.2&**$0"75"&"M#"2+*(&2(".2&**$'"<@b#WI?"@#lOEK]"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/"!N".+,([&'$"<?*.5.">*2P]";&*+*.7B'46"-?6"98?A"[&."B.$0"(+"%$' O
,+')"(/$"%'$O%'+2$..1*46"%'+2$..1*4"&*0"%+.(O%'+2$..1*4"&*&35.$.P"?33")&($'1&3."[$'$"
2+*.10$'$0"&." /+)+4$*$+B.6"1.+('+%12"&*0"$3&.(12&335"31*$&'P"Q/$" )&($'1&3"%'+%$'(1$."
B.$0"&'$"./+[*"1 *"Q&73$"!P"?33"2+*(&2(."[$'$".$("(+",'12(1+*&3"<μ"f"KPMA6!V  with exception 
+,"(/'$&0"1*($',&2$."<.2'$[."&*0"1)%3&*(i&'&301($A6"[/12/"[$'$".$("&."7+*0$0"2+*01(1+*P"
The meshes were refined in contact areas and checked by element quality (Figure 2), 
:&'51*4",'+)"JM!PUT!"(+"!6KKTP!YJ"*+0$."&*0"UMMPNMU"(+"UYTPNJE"$3$)$*(.P

Q/$*6"(/$"&*&35.1."[&."01:10$0"1*"([+".1)B3&(1+*.6")$2/&*12&3"3+&01*4"&*0")+3&'".2'$["
(+'eB$P"W&2/".1)B3&(1+*"[&."01:10$0"1*"M".($%.6"7$1*4".($%"!"&*0"E"(/$".&)$",+'"7+(/"
.1)B3&(1+*.6" [/12/R"8($%"!R"C+3("%'$O($*.1+*"<EKKO=A"&("(/$"&7B()$*(" .2'$[.]"8($%"ER"
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C+3("%'$O($*.1+*"<!KKO=A"&("(/$"%'+.(/$(12"-".2'$[P!J "8($%"M&"<@".2'$["(+'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 
.$&31*4"75"%'$O3+&01*4P"Q/$.$"'$.B3(."[$'$"B.$0"1*"2+)%&'1.+*"(+"(/$".2'$["(+'eB$"($.("
0B$"(+".1)B3&(1+*"31)1(&(1+*."[1(/"*+"*$4&(1:$."2+*.$eB$*2$."&("+7(&1*$0"'$.B3(.P"8($%"
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$4'$.."+,"
,'$$0+)AP";+*(&2("%'$012(1+*"[&."%'+4'&)$0"7$([$$*"%'+.(/$.1."&*0"&7B()$*(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/&

=(,4*/$#,)-/-,D$#6,'0#/#%8-&/*3,-(-8:&*&

Q&73$"E"&*0"G14B'$"M"./+["(/$".('$.."3$:$3."&*0"01.('17B(1+*6"'$.%$2(1:$356"1*"(/$")+0$3.";"
and S for different levels of misfit under non-loaded and loaded conditions. The stress intenO
.1(5"1."%'$.$*($0"&22+'01*4"(+"(/$"/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"(/$",'&)$[+'^.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'$"MAP"#$.%1($"+,"(/$"3+&0"&%%312&(1+*6"7+(/")+0$3."./+[$0"&"
/14/$'"2+*2$*('&(1+*"+,".('$.."&'+B*0"1)%3&*("@"<Q&73$"EAP"d+[$:$'6"(/$".('$..$."[$'$"01.O

Table 1. Materials properties used in the Finite Element Models.

7-/%$*-8 I#.(+J&,6#).8.&,KLF-M F#*&&#(J&,$-/*#,K4M 2%D%$%(3%

Araldite 2.07 0.41 Anami et al.27

Titanium 110 0.28 Spazzin et al.31

CoCr alloy 185 0.35 Archangelo et.45

A B C

@*+.$%,<A Finite element mesh refined at contact interfaces (A, vestibular view of model; B, Model C 
sectioned; C, Model S sectioned).
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('17B($0"(+"1)%3&*("-"&,($'"3+&0"&%%312&(1+*"1*")+0$3";6"[/$'$&.",+'")+0$3"86"(/$".('$..$."
[$'$"3+2&($0"&3)+.("$*(1'$35"&'+B*0"(/$"./+'("1)%3&*("<1)%3&*("@A"<G14B'$"MAP

In silico data from finite element analysis

G14B'$"N"&*0"Q&73$"M"./+["(/$".('$..")&%."01.('17B(1+*"&*0":+*"@1.$.".('$.."<@-&A"3$:O
$3.6"'$.%$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"'$41+*"
of implant/abutment P as higher is the misfit level. Overall, higher von Mises stress levels in 
the components is observed for higher misfit levels conditions despite of the implant design 
(Table 3). The von Mises stress levels of components of pillar P are not influenced by the 
%'$.$*2$"+,"./+'("1)%3&*("<Q&73$"MAP";+)%&'1*4"1)%3&*("@"0&(&6"3+[$'":+*"@1.$.".('$.."
values were found for Model S despite of the misfit level (Table 3). 

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

Misfit level

7#)%8," 7#)%8,?

O#,8#-) P*/0,8#-) O#,8#-) P*/0,8#-)

=6'8-(/,
7

=6'8-(/
F

=6'8-(/,
7

=6'8-(/,
F

=6'8-(/,
7

=6'8-(/,
F

=6'8-(/,
7

=6'8-(/,
F

Low (< 20 µm) 0 0 5 1 0 0 4 1

Medium (> 20 µm and < 40 µm) 1 0 5 2 1 0 5 0

High (> 40 µm) 3 1 9 4 3 2 7 2

* for model S, the implant M represents the short implant.

M P M P M P M P

Model C

No load

Low
misfit level

<20 µm

Medium
misfit level

>20 µm and
<40 µm

High
misfit level

>40 µm

With load

Model S

No load With load

@*+.$%,>A Stress distribution in models C and S without load and with load for different misfit levels.
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Table 3A Maximum von Mises Stress (MPa) levels of the metallic components according to the model for 
the different misfit levels.

"#6'#(%(/

Misfit level

R#;
KS,<T,U6M

7%)*.6
KV,<T,U6,-(),S,BT,U6M

W*+0,
KV,BT,U6M

7#)%8," 7#)%8,? 7#)%8," 7#)%8,? 7#)%8," 7#)%8,?

Framework 155 138 158 148 158 159

Abutment P 78 83 98 100 117 114

Abutment M 135 128 125 121 134 146

Abutment Screw P 340 334 339 343 298 306

Abutment Screw M 354 322 276 279 278 325

Prosthetic Screw P 248 241 238 241 282 279

Prosthetic Screw M* --- --- --- --- --- ---

Implant P 130 130 134 131 144 147

Implant M 130 105 134 114 139 118

Maximum Value 354 334 339 343 298 325

* The site of load application eliminates the need of prosthetic screw M component creation for FEA analysis.

Model C

Low
misfit level

<20 µm

Medium
misfit level

>20 µm and
<40 µm

High
misfit level

>40 µm

Model S

355

100

87.5

75

62.5

50

37.5

25

12.5

0

@*+.$%,BA Von Mises stress (MPa) distribution in the metallic components according to the model (model 
C and S) and the misfit levels (low, medium and high).
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The µstrain 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 
.$3$2($0"(+"133B.('&($"(/$".('$.."01.('17B(1+*"1*"(/$"'$.1*"73+2^."0B$"(+"(/$":1$[1*4".1)1O
larity with the photoelasticity patterns. The µstrain data was selected to represent the 
.('$.."3$:$3."1*"(/$"'$.1*"73+2^"75"7$1*4"(/$".&)$"B*1(5"4$*$'&($0"75"(/$"%/+(+$3&.(12"
analysis. The higher the misfit level, the greater is the strain concentration (Figure 5). 
Model S showed higher µstrain values under all misfit levels simulation when comO
%&'$0"(+")+0$3";"<G14B'$"UAP"@+0$3"8"./+[$0"/14/$'"%$'2$*(&4$":&'1&(1+*"<oA"+,":+*"
Mises stress values between low and high misfit level (Figure 7).

Maximum Principal Elastic Strain

Model C

Low
misfit level

<20 µm

Medium
misfit level

>20 µm and
<40 µm

High
misfit level

>40 µm

Model S

Minimum Principal Elastic Strain

Model C Model S

10
x10-6

0

-142

-285

-428

-571

-714

-857

-1000

-6100

10
x10-6

428

500

357

285

214

142

71

0

-20

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

µ 
st

ra
in

6000

4000

2000

0

-2000

-4000

-6000

-8000
Model C

2653

-3062

-5365

-3460

-5909

-4674

-6049

4017

2496

4367

2835

4464

Model S
Low Misfit Medium Misfi t High Misfit

Model C Model S Model C

Max
Min

Model S

@*+.$%,HA Maximum and Minimum Principal µstrain levels of the resin block according the model (model 
C and S) and misfit level (low, medium and high).
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Y*&3.&&*#(
-/+(+$3&.(121(5" &*0"GW"&*&35.$." ./+[$0" '$31&73$"&*0" .1)13&'" '$.B3(.6" &22$%(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." .(B05"(/&("1*:$.(14&($0"(/$" .('$..$."4$*$'&($0"&'+B*0"1)%3&*(." [1(/"
01,,$'$*("1*($'*&3O2+*$"&7B()$*(.P!N

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
0B2$0PN In contrast, the reproduction of misfits by FEA is usually simplified by a gap 
7$([$$*"([+"2+)%+*$*(."[1(/"%&'&33$3"2+*(&2(".B',&2$.PE6!N"8B2/".1(B&(1+*"2&*"B*0$'O
$.(1)&($"(/$" '$.B3(&*(".('$.."3$:$3."&."*+($0"1*"(/$"%'$.$*(".(B05P"Q/$"%/+(+$3&.(12"
&*&35.1."[&.")+'$".$*.173$"(+"0$($2("(/$"1*2'$&.$"+,".('$.."[1(/"(/$"1*2'$&.$"+,")&' O
ginal misfit. However, FEA presents an important advantage providing the stress levO
$3." +*" (/$" 2+)%+*$*(." +," (/$" .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+)$2/&*12&3"7$/&:1+'"+,"1)%3&*(O.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."+,($*"
.$:$'$35" '$.+'7$06" '$eB1'1*4" .B'412&3" %'+2$0B'$." .B2/" &." .1*B." 31,(" %'1+'" (+" 1)%3&*("
%3&2$)$*(P"Q/$" %3&2$)$*(" +," &" ./+'(" 1)%3&*(" [+B30" &:+10" (/$.$" %'+2$0B'$.6" [1(/"
%'+)1.1*4"'$.B3(."1*"(/$"31($'&(B'$P!K6EK

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

@*+.$%,NA Variation (%) of von Mises stress values of model C and S between low and high misfit level. The 
reference of total value was the low misfit data. *The prosthetic screw M was not created for FE analysis.
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this study, the condition of total passivity (no misfit) was not evaluated since the 
absence of a totally passive fit framework is expected.N"?3(/+B4/".+)$"&B(/+'.".B4 O
gest empirical values of misfit between 10 and 150 μ)"(+"7$"231*12&335"&22$%(&73$6V"
the findings of this study are that small increments of misfit resulted in an increase 
+,".('$.."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($0"
)+:$)$*("<1P$P6"(/$"&7.$*2$"+,"%$'1+0+*(&3"314&)$*(APU

Q/$" 01,,$'$*(" 0$.14*." +," 1)%3&*(." %'+)+($" 01,,$'$*2$." 7$([$$*" (/$" )+0$3." [/$*"
compared under the same level of misfit. In contrast with the conventional implant 
@"+," )+0$3" ;6" (/$" ,B33"3$*4(/"+," (/$" ./+'("1)%3&*("1*" (/$" )+0$3"8" [&."1*:+3:$0"75"
stresses areas, observed in both stress analysis. This could be explained by the locaO
(1+*"+,"(/$"3+&0]"/+[$:$'6"(/1.".('$.."2+*2$*('&(1+*"%&(($'*"1.")&1*(&1*$0"$:$*"[/$*"
(/$"3+&0"1."*+("&%%31$0"1*"(/$"%/+(+$3&.(12"&*&35.1.P"?3(/+B4/"GW?"./+[.".('$..$."1*"
(/$"2+'+*&3" '$41+*"+,"3+&0$0"2+*:$*(1+*&3"1)%3&*("<)+0$3" ;A"&." [$33"<G14B'$"TA6"1(."
3$*4(/"&33+[.",+'"&"7$(($'"01.('17B(1+*"+,".('$..$."3$:$3."[/$*"2+)%&'$0"(+"(/$"./+'("
implant. The presented µstrain data (Figure 6) confirm the higher concentration of 
.('$..$."1*"(/$",B33")+0$3"8P"Q/1."2+*01(1+*"2&*"7$"%+($*(1&335"0&)&41*4",+'"(/$"'$/&O
bilitation with short implants. Corroborating these findings, a previous studyE! "2+*O
23B0$0"(/&(" .('$..$."&'+B*0"./+'("&*0"[10$"1)%3&*(."1."1*2'$&.$0"[/$*"2+)%&'$0"
(+"2+*:$*(1+*&3"1)%3&*(.P"?3.+6"(/$"%'$.$*2$"+,".('$..$."&'+B*0"(/$"2+'+*&3"(/1'0"+,"
./+'("1)%3&*(."$)%/&.1D$."(/$"2+*2$'*"&7+B("&*"1*2'$&.$"+,"7+*$"'$.+'%(1+*"&*0"'1.^"
+,",&13B'$PEE"Q/B.6"7$2&B.$"7+*$"'$&7.+'%(1+*"1.")+'$"2'1(12&3",+'"./+'("1)%3&*(."0B$"
to their length, minimum misfit values should be emphasized for the production of 
implant fixed prosthesis,T"+7(&1*1*4"&"2+*01(1+*"23+.$"(+"%&..1:1(5"&*0"'$0B21*4"2+*O
2$*('&(1+*"+,".('$.."&'+B*0"2+'+*&3"'$41+*"+,"(/1."1)%3&*("0$.14*P"

;+*2$'*1*4"(/$")$(&3312"2+)%+*$*(."&*&35.1."75"GW?6"/14/$'":+*"@1.$.".('$..":&3B$."
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.$.".('$..":&3B$."[$'$"3+[$'"(/&*"(/$"($*.13$".('$*4(/",+'"&33")&($'1&3."$:&3B&($0R"
;+;'"<TTE"(+"!KMN"@-&A!V"&*0"2%Q1"<NYK"(+"TTE"@-&AEM"1*012&(1*4"(/&("*+",&13B'$"+'"
mechanical complications would occur under such misfit levels. 

>*0$%$*0$*(35"+,"(/$"p.&,$q":+*"@1.$.".('$..":&3B$.",+B*0"1*"2+)%+*$*(.6"(/$'$"&'$"
1)%+'(&*("01,,$'$*2$."7$([$$*")+0$3.";"&*0"8P"Q/$"%'$.$*2$"+,"(/$"./+'("1)%3&*("
010"*+("&,,$2("(/$":+*"@1.$.".('$..$."+,"&33"2+)%+*$*(."+,"%133&'"-"<Q&73$"MAP"d+[$:$'6"
,+'"(/$"%133&'"@6"3+[$'":+*"@1.$.".('$.."0&(&"[&.",+B*0",+'"(/$"./+'("1)%3&*("[/$*"
compared to conventional implant. This can be justified by the higher diameter of the 
./+'("1)%3&*("(/&("&33+[.",+'"&"7$(($'".('$..$."01..1%&(1+*"1*"(/$"'$41+*"+,"(/$"1)%3&*(i
&7B()$*("2+**$2(1+*P"d+[$:$'6"0$.%1($"+," (/$"3+[$'" .('$.." :&3B$."+7.$':$0"1*" (/$"
component, the presence of short implants induced higher µstrain values on the surO
'+B*01*4".5.($)P">*"&001(1+*6"/14/$'".('$..":&3B$."[$'$"0$($2($0",+'"&3)+.("&33"2+)O
%+*$*(."+,"(/$")+0$3"[1(/"./+'("1)%3&*(P"Q/1.")$&*."(/&("(/$"2+)%+*$*(."+,")+0$3"8"
showed higher difference on von Mises stress values between the low and high misfit 
levels. This can suggest that the model S is more influenced by the misfit increasing. 
Higher levels of misfit could potentially promote failures for all biomechanical system, 
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1*23B01*4"1*"(/$")$(&3312"2+)%+*$*(.PV6EN Thus, as the increase of marginal misfit is 
)+'$"2'1(12&3",+'"./+'("&*0"[10$"1)%3&*(.",+'"&33"1)%3&*(O.B%%+'($0".5.($)6"(/$".$2+*0"
'$.$&'2/"/5%+(/$.1."[&."0$*1$0P

b(/$'" (5%$." +," 1)%3&*(" 2+**$2(1+*" &*0" 01,,$'$*(" 3$*4(/." +," ./+'(" 1)%3&*(" [$'$" *+("
1*:$.(14&($0P"Q/$'$,+'$6",B(B'$".(B01$."[1(/"01,,$'$*("1)%3&*("2+**$2(1+*."&*0"3$*4(/."
&'$"[&''&*($0"(+":$'1,5"(/$"1)%'+:$)$*("+,"71+)$2/&*12&3"7$/&:1+'"+,"./+'("&*0"[10$"
1)%3&*(.P";+*2$'*1*4"(/$".('$.."&*&35.1.")$(/+0+3+41$.6"$:$*"(/+B4/"%/+(+$3&.(121(5"
and finite element analysis have particularities, there are similarities and important 
2+)%3$)$*(&'5"2&%&21(5"7$([$$*"(/$*P"Q/B.6"(/$1'"2+)71*$0"B.$")&5"7$"$*2+B'&4$0"
,+'"(/$"1*:$.(14&(1+*"+,"(/$"71+)$2/&*12&3"7$/&:1+'"+,"1)%3&*(O.B%%+'($0"'$/&7131(&(1+*.P
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