
etal-porcelain restorations are currently the most widely used in
prosthodontic practice because of mechanical properties of metal
framework to fabricate especially long-term fixed partial dentu-

re (FPD).1 Metal-porcelain restorations combine the strength and accuracy
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Deformation of Metal Frameworks with
Different Thickness During Cementation

AABBSS  TTRRAACCTT OObb  jjeecc  ttii  vvee::  De for ma ti on of me tal fra me work du ring ce men ta ti on of me tal-por ce la in
res to ra ti on may con tri bu te to its cli ni cal fa i lu re. The pur po se of this study was to de ter mi ne the de -
for ma ti on of me tal fra me works with dif fe rent thick ness du ring ce men ta ti on. MMaa  ttee  rrii  aall  aanndd  MMeett  --
hhooddss::  Thirty sta in less ste el di es we re pre pa red at the com pu ter-as sis ted lat he. Di es we re ran domly
di vi ded in to 3 gro ups (n= 10). Spe ci mens of 0.2 mm (Gro up 1), 0.3 mm (Gro up 2) and 0.4 mm (Gro -
up 3) thick ness we re pre pa red with self-cu ring acr ylic di e ma te ri al (Pat tern Re sin LS) using sta in -
less ste el in de xes. Acr ylic spe ci mens we re in ves ted and cast with NiCr Mo al loy (Re ma ni um CS).
Mar gi nal di a me ters of spe ci mens we re me a su red with Ni kon V12 Pro fi le Pro jec tor from thre e dif -
fe rent ang les. Me tal fra me works we re ce men ted with poly car boxy la te ce ment (Poly-F Plus Bon dex)
using stan dard for ces (300 N). Me a su re ments of mar gi nal di a me ters we re re pe a ted. Dif fe ren ces be -
fo re and af ter ce men ta ti on va lu es we re sta tis ti cally analy zed by Pa i red-Samp les T test. RRee  ssuullttss::  De -
for ma ti ons for med at me tal fra me works du ring ce men ta ti on in Gro up 1 and Gro up 2 (p< 0.05).
Gro up 3 was not af fec ted by ce men ta ti on (p> 0.05, p= 0.734). CCoonncc  lluu  ssii  oonn::  From the re sults, it may
be pro po sed that NiCr Mo al loy fra me works sho uld be pre pa red at le ast thic ker than 0.3 mm in cli -
ni cal prac ti ce. 

KKeeyy  WWoorrddss:: Den tal res to ra ti ons, ce men ta ti on, me tal ce ra mic al loys

ÖÖZZEETT  AAmmaaçç::  Me tal-por se len res to ras yon la rın siman tas yo nu es na sın da me tal alt ya pı nın de for -
mas yo nu res to ras yo nun kli nik ba şa rı sı nı et ki le ye bi lir. Bu ça lış ma nın ama cı, fark lı ka lın lık ta ki me -
tal alt ya pı la rın si man tas yon es na sın da de for mas yo nu nu be lir le mek tir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Otuz
pas lan maz çe lik di e bil gi sa yar kon trol lü tor na da ha zır lan dı. Di e’ lar rast ge le 3 gru ba ay rıl dı (n= 10).
0.2 mm (Grup 1), 0.3 mm (Grup 2) ve 0.4 mm (Grup 3) ka lın lık ta ör nek ler oto po li me ri zan ak ri lik
re zin di e ma ter ya li (Pat tern Re sin LS) ile pas lan maz çe lik ka lıp lar kul la nı la rak ha zır lan dı. Ak ri lik
ör nek ler re vet ma na alın dı ve NiCr Mo ala şı mı (Re ma ni um CS) ile dö kül dü. Ör nek le rin mar ji nal
çap la rı 3 fark lı açı dan Ni kon V12 Pro fi le Pro jec tor ile öl çül dü. Me tal alt ya pı lar po li kar bok si lat si -
man (Poly-F Plus Bon dex) ile stan dart kuv vet kul la nı la rak (300 N) semen te edil di. Mar ji nal çap öl -
çüm le ri tek rar lan dı. Siman tas yon dan ön ce ki ve son ra ki de ğer ler de ki fark lı lık lar Pa i red-Samp les T
tes ti kul la nı la rak ana liz edil di. BBuull  gguu  llaarr::  Grup 1 ve Grup 2’de siman tas yon es na sın da me tal alt ya -
pı lar da de for mas yon lar oluş tu (p< 0.05). Grup 3 siman tas yon dan et ki len me di (p> 0.05, p= 0.734).  SSoo  --
nnuuçç::  So nuç la ra da ya lı ola rak NiCr Mo ala şım alt ya pı la rın kli nik pra tik te 0.3 mm’den da ha in ce
ha zır lan ma ma sı öne ri le bi lir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Den tal res to ras yon lar, si man tas yon, me tal se ra mik ala şım lar
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of cast me tal with the aest he tics of por ce la in.2

Pre pa ring thick me tal fra me work in cre a ses re-
sis tan ce aga inst per ma nent de for ma ti on; ho we ver,
it is usu ally im pos sib le to pre pa re the me tal thic -
ker than 0.5 mm, be ca u se the me tal and por ce la in
ma te ri al must be pre pa red wit hin the li mits of nor-
mal te eth morp ho logy in this type of res to ra ti ons.
When aest he tic li mits are con si de red, pre pa ring
thin ner me tal fra me work has ad van ta ges. 

Suc cess ful ce men ta ti on is as im por tant as fab-
ri ca ting a res to ra ti on for the long-term suc cess of
res to ra ti on. It has be en de mons tra ted by pre vi o us
stu di es that crown de for ma ti on du ring ce men ta ti -
on is af fec ted by crown thick ness, mar gi nal de signs,
ce ment type and vis co sity, ven ting, di e spa cing,
and se a ting for ces.3,4 Hydra u lic for ce of the ce men -
ta ti on can in du ce (or ge ne ra te) stres ses on the me -
tal fra me work, thus, the se stres ses may con tri bu te
to its cli ni cal fa i lu re.

The pur po se of this study was to de ter mi ne the
de for ma ti on of NiCr Mo al loy fra me works with dif-
fe rent thick nes ses du ring ce men ta ti on. The hypot -
he sis for this study was that the NiCr Mo al loy
fra me works with dif fe rent thick nes ses ha ve dif fe -
rent ra tes of de for ma ti on du ring ce men ta ti on.

MA TE RI AL AND MET HODS 

PRE PA RA TI ON OF ME TAL DI ES AND INDE XES

Thirty sta in less ste el di es we re pre pa red with 
the he xa go nal subs truc tu re using the com pu ter-as -
sis ted lat he (NV 500A/40, Mo ri Se i ki, Ya ma to,
Ko ri ya ma, Ja pan) (Fi gu re 1). Sta in less ste el di es si m-
u la ting a mo lar to oth pre pa ra ti on we re used to pro-
du ce a stan dard crown spe ci men sha pe; the out si de
di a me ter of pre pa ra ti on was 9 mm. The di e had 6
deg re es of axi al ta per, 1 mm width in sho ul der fi n-
ish li ne, 1 mm of occ lu sal re duc ti on and 5.5 mm of
occ lu so-gin gi val he ight. Di es we re ran domly di vi -
ded in to 3 gro ups (n= 10). Thre e cus tom sta in less
ste el in de xes for thre e dif fe rent fra me work thick-
nes ses of 0.2 mm, 0.3 mm and 0.4 mm we re fab ri -
ca ted by using the com pu ter sup por ted lat he. Gro up
1, Gro up 2, and Gro up 3 me tal fra me works with 0.2
mm, 0.3 mm and 0.4 mm thick nes ses we re pro du -
ced with the se in de xes (Fi gu res 2a-d), res pec ti vely.

Me tal di es and in de xes we re used to stan dar di ze and
to avo id frac tu re or dis tor ti on of the di e du ring tes t-
ing.

ME TAL FRA ME WORK PRE PA RA TI ON

Di e spa cer (Bre dent, De gus sa, Ger many) was app -
li ed on the me tal di es. Se pa ra ting me di um was used
with a brush on a me tal di e and in dex. Self-cu ring
acr ylic di e ma te ri al (Pat tern Re sin LS, GC Ame ri -
ca Inc, Al sip, IL, USA) was pre pa red ac cor ding to
the ma nu fac tu rer’s ins truc ti ons. Acr ylic ma te ri al
was in jec ted to the spa ce bet we en in dex and me tal
di e. The me tal di e and the me tal in dex we re kept in
cons tant pres su re with ma xi mal fin ger for ce up to
the acr ylic ma te ri al set. Af ter the re sin had set for
3 min at 23 °C, the pat tern was ca re fully re mo ved

Serhan AKMAN et al DEFORMATION OF METAL FRAMEWORKS WITH DIFFERENT THICKNESS DURING CEMENTATION

Turkiye Klinikleri J Dental Sci 2009;15(3)162

FIGURE 1: Thirty stainless steel dies.

FIGURE 2: a: Placed specimen on own metal die. b: Three special stainless
steel indexes. c: 3 metal frameworks with 0.2 mm, 0.3 mm and 0.4 mm thick-
ness. d: Placed index on a metal die. 



from the me tal in dex and the mar gin and the in-
ter nal sur fa ce we re chec ked. The acr ylic spe ci mens
and the me tal di e we re num be red and mar ked to
se at on the me tal di e in the cor rect po si ti on of the
pre pa red spe ci men. Acr ylic pat terns with 0.2 mm,
0.3 mm and 0.4 mm thick nes ses we re in ves ted with
a phosp ha te-bon ded in vest ment (Cas to rit-Su per C,
Den ta u rum, Pforz he im, Ger many). Me tal fra me -
works we re cast with NiCr Mo al loy which con sists
of 61% Ni, 26% Cr, 11% Mo, 1.5% Si, 1% S, Fe, 
Se, Al (Re ma ni um CS, Den ta u rum, Is prin gen, 
Ger many;) using in duc ti on mel ting (For nax 35 
EM, Be go Bre mer Goldschläge re i Wihl. Herbst
GmbH&Co., Bre men, Ger many). The cas tings we -
re di ves ted and spru es we re re mo ved. 

In ter nal cas ting ir re gu la ri ti es we re re mo ved
with small ro und di a mond sto nes and fi nis hed
using a mic rob las ter with 50 µm alu mi ni um oxi de
(Ko rox®, Be go, Bre men, Ger many). Af ter the spe c-
i mens we re ul tra so ni cally cle a ned (Wha le dent Bi -
o so nic Jr., Wha le dent In ter na ti o nal, New York,
USA) for 15 min and rin sed with dis til led wa ter,
they we re dri ed in air. 

Each spe ci men was pla ced on its own me tal di -
e and lo ca ted on the Ni kon V12 Pro fi le Pro jec tor
(Ni kon Cor po ra ti on, Tok yo, Ja pan). Mar gi nal di a -
me ters of spe ci mens we re me a su red with Pro fi le
Pro jec tor from thre e dif fe rent axes by ro ta ting di -
es and we re re cor ded (Fi gu re 3). The spe ci mens
we re vi e wed un der ×10 mag ni fi ca ti on with a pro-
fi le pro jec tor. Each me a su re ment was re pe a ted 3 ti -
mes with 1 μm sen si ti vity bet we en the re fe ren ce
po ints, and then its ave ra ge was cal cu la ted. The ex-
a mi ner did not ha ve any know led ge re gar ding
which tre at ments the casts had re ce i ved be fo re ma -
king me a su re ments.

CE MEN TA TI ON

Me tal fra me works we re ce men ted with poly car -
boxy la te ce ment (Poly-F Plus Bon dex, Dentsply
Det rey GmbH, Kons tanz, Ger many) on to the ir
own di es by the sa me ope ra tor. Ce ment was pre-
pa red ac cor ding to the ma nu fac tu rer’s ins truc ti on
and was pla ced uni formly on the en ti re in ner sur-
fa ce of each me tal fra me work. The me tal fra me -
work was se a ted on the me tal di e in the cor rect

po si ti on with mi ni mal fin ger for ce to pre vent the
me tal fra me work til ting. Me tal fra me works we re
sub jec ted to 300 N of for ce using hydra u lic press
(Hydro fix, BE GO Bre mer Goldschläge re i Wilh,
Herbst Gmbh and Corp., Bre men, Ger many).

Me a su re ments of mar gi nal di a me ters we re re-
pe a ted and re cor ded. The dif fe ren ces bet we en va l-
u es be fo re and af ter ce men ta ti on we re com pa red
at thre e dif fe rent axes to de ter mi ne the de for ma ti -
on qu an tity. 

STA TIS TI CAL ANALY SIS

Dif fe ren ces bet we en pre- and post-ce men ta ti on va -
lu es we re sta tis ti cally analy zed with Pa i red-Samp -
les T test using SPSS 11.0 (SPSS Inc., Chi ca go,
Il li no is, USA) Dif fe ren ces we re con si de red sig ni fi -
cant at p< 0.05.

RE SULTS
The me ans and stan dard de vi a ti ons of mar gi nal di-
a me ters for the gro ups we re pre sen ted in Tab le 1.
The re are sig ni fi cant dif fe ren ces bet we en mar gi nal
di a me ter va lu es of pre- and post-ce men ta ti on for
all gro ups when Tab le 1 is exa mi ned. Ne vert he less,
it is im por tant if the pre sent dif fe ren ce is sta tis ti -
cally sig ni fi cant. 

The de for ma ti ons oc cur red at me tal fra me -
works du ring ce men ta ti on in Gro up 1 and Gro up 2
(p< 0.05, p= 0.009 and p= 0.005, res pec ti vely), whe -
re as ce men ta ti on did not af fect Gro up 3 (p> 0.05,
p= 0.734). The me an va lu e of the mar gi nal di a me -
ters in cre a sed in Gro up 3; whe re as it dec re a sed in

DEFORMATION OF METAL FRAMEWORKS WITH DIFFERENT THICKNESS DURING CEMENTATION Serhan AKMAN et al

Turkiye Klinikleri J Dental Sci 2009;15(3) 163

FIGURE 3: Three axes made measurement. 



Gro up 1 and Gro up 2 af ter ce men ta ti on, res pec ti -
vely. 

Exa mi na ti on of the pho tog raphs cle arly re ve -
a led pat terns of de for ma ti on in occ lu sal, axi al and
neck re gi ons of me tal fra me work (Fi gu re 4). The re
was in cre a se as well as dec re a se in the mar gi nal di-
a me ters af ter ce men ta ti on. As ce ment ca me out of
one re gi on, mar gi nal di a me ter in cre a sed with the
hydra u lic pres su re, whe re as it dec re a sed in anot -
her re gi on (Fi gu re 5). 

DIS CUS SI ON
Alt ho ugh the me tal co ping is an im por tant part of
the me tal-por ce la in res to ra ti on, it is un for tu na tely
one that is of ten over lo o ked. Its de sign may ha ve
an im por tant ef fect on the suc cess or fa i lu re of the
res to ra ti on. The me tal fra me work must al low the
por ce la in to re ma in in com pres si on by sup por ting
the in ci sal re gi on, the occ lu sal tab le, and the mar-
gi nal rid ges.2 Por ce la in sho uld be kept at a mi ni -
mum thick ness that is still com pa tib le with go od
est he tics. Re la ti vely thin por ce la in of uni form
thick ness sup por ted by ri gid me tal is the stron gest.2

Be ca u se of its go od physi cal cha rac te ris tics
such as its high yi eld strength, elon ga ti on li mit and
duc ti le yi eld, NiCr Mo al loy is fre qu ently used as
me tal al loy in me tal-por ce la in res to ra ti ons. NiCr
al loys ha ve the hig hest elas tic mo du lus of all den-
tal al loys, which re du ce fle xi bi lity to a sig ni fi cant
deg re e. The high ten si le strength per mits use of
thin ner me tal sec ti ons than nob le me tal al loys.5 In
this study, we pre fer red using NiCr Mo al loy at cli -
ni cal prac ti ce du e to the se ad van ta ges.

Pri or stu di es of vis co sity and film thick ness
ha ve shown that ce ment flow is im por tant.6,7 A
poly car boxy la te ce ment was shown to ha ve a lo -
wer vis co sity than zinc phosp ha te ce ment.6,8 Film
thick ness is a physi cal pro perty of ma te ri al that in-

f lu en ces the si zes of ce ment spa ces bet we en cas t-
ings and te eth. In ad di ti on to film thick ness, vis co -
sity and ge o met ric con fi gu ra ti on are known to
af fect ce ment spa ce si ze by li mi ting ce ment flow
and pre ven ting or en han cing clo se ap pro xi ma ti on
of par ti cu lar sur fa ces.6,8-12 Af ter ce men ta ti on, an ac-
cep tab le mar gin is not over-ex ten ded, un der-ex -
ten ded, to o thick, or open.2

Di e re li ef not only pro vi des spa ce for a ce ment
la yer bet we en cas ting and to oth, but al so fa ci li ta tes
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Groups Metal thickness (mm) n Before cementation (µm) After cementation (µm)

1 0.2 10 7577.98 ± 44.41 7566.44 ± 48.14

2 0.3 10 7743.56 ± 39.70 7732.79 ± 59.28

3 0.4 10 8076.31 ± 40.62 8107.24 ± 299.50

TABLE 1: Marginal diameters for the groups (Mean ± Standard deviation).

FI GU RE 4: Red ar rows: De for ma ti ons in occ lu sal, axi al and neck re gi ons.
Whi te ar row: Me a su re ment of mar gi nal di a me ter.

FIGURE 5: The circular form before cementation became elliptical after ce-
mentation.



the es ca pe of ex cess ce ment des pi te its vis co sity or
film thick ness. Most con ven ti o nal comp le te
crowns ra rely se at comp le tely be ca u se of hydra u lic
pres su res.6,13,14 Ven ting of the crowns partly re du -
ced this prob lem.12 Ho we ver, we did not pre pa re
vent be ca u se most den tists do not se al vents with
di rect res to ra ti ons.15

The 300 N se a ting for ce cre a ted the best mar gi -
nal se a ting, with the ave ra ge be ing less than 10 µm.16

The ma xi mum bi ting for ce ge ne ra ted by the mas ti -
ca tory musc les va ri es from 200 to 600 N.17 This sug-
gests that the lo a ding tech ni qu e to ac hi e ve
ma xi mum crown se a ting in the cli ni cal en vi ron ment
can pro ce ed as fol lows: se at the crown in pla ce with
fin ger for ce, and then ask the pa ti ent to occ lu si on in
cen tric occ lu si on with ma xi mum for ce.16 We al so
used hydra u lic press for cons tant 300 N pres su re af -
ter se a ting crowns in pla ce with fin ger for ce.

Mum ford has sta ted that, for ade qu a te strength
and ri gi dity, a nob le me tal co ping sho uld be at le ast
0.3 to 0.5 mm thick.18 A ba se me tal al loy with a hig -
her yi eld strength and ele va ted mel ting tem pe ra tu re
may be as thin as 0.2 mm.19 Ho we ver, in the pre sent
study, de for ma ti ons oc cur red at me tal fra me works
du ring ce men ta ti on in 0.2 and 0.3 mm gro ups, whe -
re as ce men ta ti on did not af fect 0.4 mm gro up and
thus, the re se arch hypot he sis was ac cep ted.

The pro fi le pro jec tor con sis ted of a scre en with
ho ri zon tal and ver ti cal re fe ren ce li nes and was

equ ip ped with a light so ur ce to pro ject a mag ni fi -
ed ima ge of the ob ject on to the scre en in the form
of a sha dow (ori gi nal mag ni fi ca ti on x10). The pro-
fi le pro jec tor al lo wed me a su re ment of li ne ar dis-
tan ces with an ac cu racy of 2 µm.20 Con ven ti o nal
me a su re ment tech ni qu es of ten re qu i re sur fa ce con-
tact with the ob ject be ing me a su red; this co uld po-
ten ti ally da ma ge the spe ci men. The ad van ta ge of
our met hod is its be ing a met hod that re qu i res no
con tact. Ro ta ting of di es pre pa red with the he xa -
go nal subs truc tu re pro vi ded me a su ring bet we en
the sa me po ints be fo re and af ter ce men ta ti on.

The re sults might be dif fe rent if ce ra mic is ap-
p li ed over the me tal fra me work. Ho we ver, the ef-
fect of ce ra mic was ig no red in this study.

CONC LU SI ON
Wit hin the li mi ta ti ons of this study, the fol lo wing
conc lu si ons we re drawn:

1. The re is the risk of frac tu re in the por ce la -
in for the me tal-por ce la in res to ra ti ons du ring ce-
men ta ti on and the re si du al stra in oc cur ring on
me tal fra me work may ca u se frac tu re.

2. Oc cur ren ce of both in cre a ses and dec re a ses
in the mar gi nal di a me ter at the sa me ti me shows
exis ten ce of she ar stress.

3. Pre pa ring the me tal fra me works thic ker
than 0.3 mm in cli ni cal prac ti ce will be ad van ta ge -
o us at pre ven ting de for ma ti ons.
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