
ixed or removable partial dentures and implant supported prostheses
are three options for patients, which is lose out on teeth, depending
on the cost, location, condition of abutment teeth and bone. Implant
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Effect of Luting Cement on Tensile Bond
Strength of Implant-Supported Crowns

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  The aim of this study was to eva lu a te ten si le bond strength of ti ta ni um to
ba se me tal al loy and copy-mil led co pings lu ted with 2 dif fe rent ce ments. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::
Twel ve imp lants we re em bed ded in acr ylic re sin. So lid abut ments we re at tac hed to the imp lants.
Twenty fo ur co pings we re cast with a CoCr al loy (Gro up I) whi le 24 copy-mil led co pings we re di-
rectly fab ri ca ted with Y-TZP ce ra mic using the Ka vo Eve rest CAD/CAM system (Gro up II). Each
of the 2 gro ups we re di vi ded in to 2 sub gro ups (Group I, A and B, and Group II, A and B; n= 12). Gro -
up IA/II A and Gro up IB/IIB spe ci mens we re lu ted with a poly car boxy la te lu ting ce ment (Poly-F
Plus Bon dex) and an ad he si ve lu ting ce ment (Su per bond C&B), res pec ti vely. Af ter sto ra ge in dis-
til led wa ter at ro om tem pe ra tu re for 24 ho urs, all spe ci mens we re sub jec ted to a ten si le bond
strength test in a uni ver sal tes ting mac hi ne (TSTM 02500). The re sults we re then eva lu a ted with
Krus kal-Wal lis and Mann-Whit ney U tests (α= .05). RRee  ssuullttss::  The re was sig ni fi cant dif fe ren ce in
the bond strength of all gro ups, ex cept for Gro up IA and Gro up IIB (p> 0.05, p= 0.86). Su per bond
C&B ad he si ve lu ting agent sho wed sig ni fi cantly hig her bond strength va lu e when com pa red with
poly car boxy la te ce ment gro ups. CCoonncc  lluu  ssii  oonn::  Su per bond C&B ad he si ve lu ting agent sho wed hig her
bond strength va lu es for poly car boxy la te ce ment for both ba se me tal al loy and copy-mil led co pings.

KKeeyy  WWoorrddss::  Den tal prost he sis, imp lant-sup por ted; ad he si ve ce ment; ce men ta ti on; ten si le strength 

ÖÖZZEETT  AAmmaaçç::  Bu ça lış ma nın ama cı 2 fark lı si man ile ya pış tı rıl mış te mel me tal ala şı mı ve copy-mil -
led ko ping le re ti tan yu mun çek me bağ lan tı da ya nık lı lı ğı nı de ğer len dir mek tir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::
Oni ki imp lant ak ri lik re zi ne gö mül dü. So lit abut ment lar imp lant la ra yer leş ti ril di. Yir mi dört ko -
ping CoCr ala şı mı (Grup I) ile dö kü lür ken, yir mi dört copy-mil led ko ping doğ ru dan Ka vo Eve rest
CAD/CAM sis tem (Grup II) kul la nı la rak Y-TZP se ra mik ile ha zır lan dı. Her iki grup 2 alt gru ba ay -
rıl dı (Grup I, A ve B, ve Grup II, A ve B; n= 12). Grup IA/II A ve Grup IB/IIB ör nek le ri, sı ra sıy la,
po li kar bok si lat ya pış tı rı cı si man (Poly-F Plus Bon dex) ve ade ziv ya pış tı rı cı si man (Su per bond C&B)
ile ya pış tı rıl dı. 24 sa at sü re ile oda sı cak lı ğın da dis ti le su için de bek le til dik ten son ra, tüm ör nek le -
re uni ver sal test ci ha zı (TSTM 02500) kul la nı la rak çek me bağ lan tı da ya nık lı lık tes ti uy gu lan dı. So -
nuç lar Krus kal-Wal lis ve Mann-Whit ney U test le ri ile de ğer len di ril di (α= .05). BBuull  gguu  llaarr::  Grup IA
ve Grup IIB ha riç, tüm grup la rın bağ lan tı da ya nık lı lık la rı ara sın da önem li fark lı lık lar var dı (p> 0.05,
p= 0.86). Su per bond C&B ade ziv ya pış tı rı cı si man grup la rı po li kar bok si lat si man ile kar şı laş tı rıl dı -
ğın da is ta tis tik sel ola rak da ha yük sek bağ lan tı da ya nık lı lı ğı gös ter di. SSoo  nnuuçç::  Su per bond C&B ade -
ziv ya pış tı rı cı si man hem te mel me tal ala şı mı hem de copy-mil led ko ping ler için da ha yük sek
bağ lan tı da ya nık lı lı ğı gös ter di.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Den tal pro tez, imp lant des tek li; ade ziv si man; si man tas yon; çek me da ya nık lı lı ğı  
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sup por ted prost he ses for par ti ally eden tu lo us pa ti -
ens may be screw-re ta i ned or ce ment-re ta i ned res -
to ra ti ons. It was re por ted that ce men ted imp lant-
sup por ted prost he ses, of fer bet ter hand ling cha rac -
te ris tics, the re duc ti on of mic ro le a ka ge, in cre a sed
est he tics and func ti on as well as the re duc ti on of
stress con cen tra ti on.1-5

In ce men ted imp lant prost he ses, the res to ra ti -
on is lu ted on to a trans mu co sal abut ment, which is
eit her pre-mac hi ned or cus tom-ma de from nob le
al loy, ti ta ni um, or re in for ced ce ra mics. The sha pe
and the si ze of the trans mu co sal abut ments, the dif-
fe rent ce ments ava i lab le, and the ma te ri als of
which prost he ses and abut ments are ma de may all
af fect the lon ge vity of the se res to ra ti ons.3,6-8

The ri sing in te rest in est he tic den tistry by pa-
ti ents over the past de ca de has led to an in cre a sed
de mand for me tal-fre e res to ra ti ons in the an te ri or
as well as pos te ri or re gi on.9 Be ca u se of the ir est he -
tics and bi o com pa ti bi lity, many pa ti ents pre fer all-
ce ra mic crowns to me tal-ce ra mic crowns.10

Jo hans son and Ek feldt11 re por ted go od long term
re sults for ce ra mic ve ne e red imp lant-sup por ted
brid ges. Brag ger et al12 fo und sig ni fi cantly hig her
por ce la in fa i lu re ra tes for imp lant-sup por ted brid -
ges than for res to ra ti ons sup por ted by na tu ral te -
eth. The most re cent co re ma te ri als for all-ce ra mic
res to ra ti ons are the yttri um oxi de par ti ally sta bi li -
zed zir co ni a (Y-TZP) that are in dus tri ally ma nu -
fac tu red in to blanks and mil led to the de si red
di men si ons using the Com pu ter Ai ded De-
sign/Com pu ter Ai ded Ma nu fac tu re (CAD/CAM)
tech no logy.13

The den tist has a wi de cho i ce of many dif fe -
rent lu ting ce ment, each with ad van ta ges and di s-
ad van ta ges. For splin ted mul ti- and sing le-unit
imp lant-sup por ted FDPs wa ter-ba sed as well as
poly me ri zing ce ments co uld be used.2 Plas tic de-
for ma ti on of ce ment un der lo a ding and pre ma tu re
fa i lu re of the res to ra ti on can re sult from the lack
of ade qu a te mec ha ni cal pro per ti es wit hin the ce-
ment or po or re sis tan ce and re ten ti on form of the
abut ment.14,15 The cho i ce of the ap prop ri a te ce ment
for a spe ci fic cli ni cal si tu a ti on is still ba sed on the
cli ni ci an’s ex pe ri en ce rat her than sci en ti fic da ta.
Ide ally, the ce ment sho uld be strong eno ugh to in-

de fi ni tely re ta in the prost he sis in pla ce, yet we ak
eno ugh to al low the den tist to ret ri e ve it if ne ces -
sary.6,16 Re cently, the use of high strength ce ments
has be co me mo re po pu lar for imp lant sup por ted
prost he ses.17-20 The pur po se of the study was to
com pa re the ef fect of two lu ting ce ments on the
ten si le bond strength of ti ta ni um to ce men ted ba -
se me tal and Y-TZP copy-mil led co pings. The null
hypot he sis of this study is ad he si ve lu ting ce ment
had hig her va lu es for ce ment fa i lu re lo ads com pa -
red to the con ven ti o nal ce ment for Y-TZP copy-
mil led co pings and ba se me tal co pings.  

MA TE RI AL AND MET HODS
Twel ve imp lants with a di a me ter of 4.8 and length
of 10 mm (Swiss Plus Imp lant System, Zim mer
Den tal, CA, USA) we re used in this study. Imp lants
we re em bed ded in to acr ylic re sin blocks. So lid ti-
ta ni um abut ments with a dis tinc ti ve non ro ta ti o nal
sur fa ce com pri sing one gro o ved and one flat si de
we re at tac hed to the imp lants using Fix tu re Mo unt
Drill. Mo di fi ed abut ments we re pre pa red with 6.28
mm in he ight and and 3° ta per at a com pu ter-as si -
ted lat he (NV 500A/40 Mo ri Se i ki Ya ma to Ko ri ya -
ma City, Ja pan). The occ lu sal sur fa ce of each
abut ment we re co ve red with a cot ton pel let and
Ca vit (3M ES PE, St. Pa ul, MN). 

For ba se me tal co pings, pat terns we re pre pa -
red with adap te tech ni qu e di rectly on to each of
mo di fi ed abut ments. A 0.5 mm ter mop las tic she et
was adap ted over each abut ment and wa xed. A lo -
op was wa xed on the pat tern’ occ lu sal sur fa ce to
per mit the cas tings to en ga ge a spe ci al de vi ce of
uni ver sal tes ting mac hi ne. All pat terns we re spru -
ed and va cu um in ves ted in a phosp ha te-bon ded in-
vest ment (Bel las tar, Be go, Bre men, Ger many). The
cas tings we re ma de using a co balt-chro mi um al loy
(Be go, Bre men, Ger many), then were cle a ned.
Then, all co pings we re exa mi ned by an ex pe ri en -
ced prac ti ti o ner using a ste re o mic ros co pe (Le i -
caMZ16, Le i ca Mic rosy stems, GmbH, Ernst-Le itz-
Stras se) at 10% be fo re be ing ca re fully se a ted on to
the ir abut ments to check pas si ve fit. All ma nu fac -
tu ring steps we re car ri ed out by the sa me cer ti fi ed
den tal tech ni ci an and the re com men ded pro to col
for cli ni cal prac ti ce (Fi gu re 1). 



Co pings ha ve ba ses with an 7 mm di a me ter flat
occ lu sal sur fa ce and 7.2 mm he ight we re fab ri ca -
ted using the CAD/CAM system (Ka vo Eve rest, Ka -
vo, Ger many). Each abut ment was dup li ca ted using
re ver sib le hydro col lo id and a sto ne di e was ma de.
The sto ne di es we re la ser scan ned using the Ka vo
Eve rest Scan unit (Ka vo Eve rest® Scan 4100, Ka vo,
Ger many). All 3D con to ur di men si ons of the di e
we re scan ned in the ra ti o 1:1 by a CCD ca me ra and
then con ver ted in to di gi tal da ta. The sur fa ce of the
scan ned di e was ge ne ra ted on the com pu ter scre en.
The po si ti on of the fi nish li ne (pre pa ra ti on li mit)
was mar ked on the di e using the com pu ter soft wa -
re and a co ping with a cham fer was cons truc ted on
the scre en by the CAD mo du le. The thick ness of
the co ping was set at 0.50 mm and the spa ce for the
ce ment pro vi ded was 30 μm. The re was no spa ce
left at the mar gins to en su re an ac cu ra te mar gi nal
fit. All da ta was sa ved by the CAM mo du le to be
used by the mil ling mac hi ne for the cons truc ti on
of the co pings.21

Twent yfo ur co res we re mac hi ned from Ka vo
Eve rest ZS-blanks (Ka vo, Ger many) using the Ka vo
Eve rest CAD/CAM system. Each blank was mo un -
ted using a spe ci ally de sig ned in sert (Eve rest In sert,
Kavo, Germany) and a me tal po si ti o ning ring which
was fil led with re sin (Ka vo Eve rest Uni ver sal Inp -
last, Kavo, Germany). The work pi e ces we re po si ti -
o ned in slots in the clam ping yo ke of the Ka vo
Eve rest en gi ne (Ka vo Eve rest® En gi ne 4140, Ka vo,
Ger many) and the in ner sur fa ce was mil led with co -
ar se and then fi ne cut ting to ols. On ce this was com-

p le ted, the in ner sur fa ce of the co ping was rin sed
tho ro ughly so that any ex cess pow der from the mil -
ling pro cess was re mo ved. The co pings we re then
dri ed ca re fully and mol ten Wax (Eve rest ZS In ves -
ting wax, Ka vo, Ger many) was app li ed to fill the ca -
vity. The mil ling of the ou ter sur fa ce was next
per for med. On ce the mil ling pro cess was comp le -
ted, the work pi e ces we re re mo ved from the clam -
ping yo ke and the co pings we re ca re fully se pa ra ted
by he a ting the wax. All the co pings we re pla ced on
a fi ring tray and sin te red in a fur na ce (Ka vo Eve r-
est® Therm, Ka vo, Ger many) over night at 1500 ◦C.
Each co ping was then pla ced on the res pec ti ve di e
and the mar gins we re ad jus ted with a di a mond bur
to re mo ve bulk. Af ter cle a ning and drying, the co -
pings we re sub jec ted to a con di ti o ning he at tre at -
ment, in a por ce la in fur na ce (Mul ti mat MCI I,
Dentsply, Wey brid ge, UK), fol lo wing the ma nu fac -
tu rer’s re com men ded pa ra me ters (Fi gu re 1).21

Each of the 2 gro ups,  ba se me tal co pings (Gro -
up I) and all-ce ra mic co pings (Gro up II), we re fur-
t her di vi ded in to 2 lu ting ce ment gro ups of 12 each
(Gro up I, A and B, and Gro up II, A and B). Gro up
IA/II A and Gro up IB/IIB spe ci mens we re lu ted
with a poly car boxy la te lu ting ce ment (Poly-F Plus
Bon dex, Dentsply Det rey GmbH, Kons tanz, Ger-
many) and an ad he si ve lu ting ce ment (Su per bond
C&B, Sun Me di cal Co Ltd, Mo ri ya ma City, Ja pan),
res pec ti vely.

For the Poly-F Plus Bon dex gro ups, the abut-
ments we re was hed with wa ter and dri ed. Two
drops of li qu id we re mi xed with 1 sco op of poly-
car boxy la te pow der with a spa tu la for 30 se conds,
ac cor ding to the ma nu fac tu rer ins truc ti ons. Then,
all co pings we re de fi ni ti vely pla ced on the abut-
ments and held in pla ce using fin ger pres su re un til
the ce ment was set. 

The sa me 12 abut ments we re al so used to test
the Su per bond C&B gro ups.18 Af ter test of Poly-F
Bon dex gro ups, abut ments we re cle a ned in dis til led
wa ter in an ul tra so nic cle a ner for 30 min, then wi -
ped with cot ton ga u ze..  For the Su per bond C&B
gro ups, the mix tu re was com bi ned with 2 sco ops
of pow der and app li ed to the bon ding sur fa ce. The
co pings we re ce men ted to the abut ments as pre vi -
o usly des cri bed.
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FIGURE 1: The view of Y-TZP copy-milled coping and base metal coping.



All the spe ci mens we re sto red in dis til led wa -
ter at 37ºC for 24 ho urs, and ten si le bond strength
va lu es we re me a su red with a uni ver sal tes ting ma-
c hi ne (TSTM 02500, Elis ta Ltd Şti, Is tan bul, Tur -
key) at a cross he ad spe ed of 0.5 mm/min. The
ma xi mum lo ad at frac tu re (N) was re cor ded. The
sta tis ti cal analy sis was per for med using sta tis ti cal
soft wa re (SPSS for win dows 2000/V 8.0 SPSS Inc,
Chi ca go, Ill.). The me ans and stan dard de vi a ti ons
of the bond strengths for the 2 dif fe rent lu ting ce-
ments we re cal cu la ted for all gro ups. The bond
strength va lu es we re analy zed with Krus kal-Wal -
lis and Mann-Whit ney U tests (α= .05).

RE SULTS
The re was sig ni fi cant dif fe ren ce in copy-mil led co -
pings ce men ted with poly car boxy la te ce ment and
ad he si ve lu ting agent (p< 0.05, p= 0.04). Su per bond
C&B ad he si ve lu ting agent sho wed sig ni fi cantly
hig her bond strength va lu e for Gro up IB (1057.77)
and Gro up IIB (581.71) when com pa red with poly-
car boxy la te ce ment for Gro up IA (616.51) and Gro -
up II A (473.61) (Tab le 1).

The re was sig ni fi cant dif fe ren ce in the bond
strength of ba se me tal and copy-mil led co pings ce-
men ted with poly car boxy la te ce ment (p= 0.03),
whi le the re was no sig ni fi cant dif fe ren ce Gro up IA
and Gro up IIB (p> 0.05, p= 0.86).

Ce ment fa i lu re oc cu red at the ce ment-abut -
ment in ter fa ce, re si du al ce ment was pre sent in si de
the ba se me tal or copy-mil led co ping (100%).

DIS CUS SI ON
Ce ment-re ta i ned, imp lant-sup por ted prost he sis ha -
ve ga i ned po pu la rity be ca u se they al low comp le ti -

on of cli ni cal pro ce du res using con ven ti o nal fi xed
prost ho don tic tech ni qu es. In the ab sen ce of occ lu -
sal screw ac cess ope nings, ce men ted imp lant-sup -
por ted res to ra ti ons of fer en han ced est he tics and an
in cre a sed num ber of occ lu sal con tacts. Ce men ted
res to ra ti ons com pen sa te for mi nor fit dis cre pan ci -
es thro ugh use of a lu ting agent.1 Loss of re ten ti on
was than the most fre qu ently en co un te red tech ni -
cal comp li ca ti ons for imp lant-sup por ted. Ide al va l-
u es of re ten ti on for ce men ted imp lant res to ra ti ons
ha ve not yet be en es tab lis hed. At pre sent it se ems
im pos sib le to qu an tify the amo unt of re ten ti on ne -
ces sary for ret ri e va bi lity, which at the sa me ti me
gu a ran te es long term en du ren ce of the prost he sis.6

The re ten ti on of crowns on cus to mi zed imp -
lants is inf lu en ced by many va ri ab les. When cho -
o sing the ce ment, the cli ni ci an sho uld ca re fully
eva lu a te the he ight and the ta per of the abut ments,
and al so be awa re of the re la ti ve re ten ti ve va lu es
of the ava i lab le lu ting agents. The lon ger, wi der
and mo re pa ral lel the abut ments are, if ret ri e va bi -
lity is de si red, the less re ten ti ve the ce ment can be.
In pre sen ce of short, ta pe red abut ments, the mo re
re ten ti ve ce ment es pe ci ally re sin ce ment may be
pre fe red.6,22

It ap pe ars to be im por tant to eva lu a te in te -
rocc lu sal spa ce and occ lu si on, be ca u se in so me in-
s tan ces when tho se fac tors are com pro mi sed, the
risk of the prost he ses lo o se ning is high. The bond
strength of the se lec ted lu ting agent must be gre a -
ted eno ugh to re sist la te ral an ver ti cal for ces du ring
func ti on but a we a ker ce ment may be cli ni cally ef-
fec ti ve in al lo wing prost he sis ret ri e val in tho se si t-
u a ti ons.1

When se lec ting a lu ting agent, it is im por tant
that the ce ment be easy to ma ni pu la te and re mo ve
wit ho ut da ma ging imp lant com po nents or sur ro -
un ding soft tis su e. If re si du al ce ment re ma ins, it
sho uld not ca u se pe ri-imp lant comp li ca ti ons.1

The bond strength was af fec ted by the res to -
ra ti on type and se lec ted ce ments in our study. This
study was an in vit ro study and only 2 ce ments we -
re tes ted-Poly-F Plus Bon dex and Su per bond C&B.
Man so ur et al18 sta ted that the re ten ti on pro vi ded
by poly car boxy la te ce ment (23.55) was sig ni fi -
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Groups N Mean ± SD

Group I A Base metal coping - Poly-F Bondex 12 616.51a

B Base metal copping- Superbond C&B 12 1057.77b

Group II A Copy-milled coping - Poly-F Bondex 12 473.61c

B Copy-milled coping - Superbond C&B 12 581.71a

TABLE 1: Summary of the results of found for 
the tensile bond strength values 

(Mean ± Standart Deviation).

Mean values having the same letters in same column not statistically different ( p< 0.05).



cantly gre a ter than zinc phosp ha te (10.9), and zinc
oxi de ce ments with/wit ho ut eu ge nol (3.18 and
9.25) for nob le al loy co pings. It has be en shown
that, du ring set ting, this type of ce ment can ad he -
re to me tal subs tra tes by che la ti on of me tal lic
ions.18,23-25 The aut hors the re fo re sug gest that the
sig ni fi cantly hig her re ten ti on ob ta i ned by poly car -
boxy la te ce ment co uld be du e to ad he si on of the
ce ment to the ti ta ni um abut ment.18,26 Man so ur et
al18 Ma e ya ma et al,17 Pan et al19 and Sa diq and Al
Har bi27 sta ted that re sin ba sed ce ments had hig her
va lu es for ce ment fa i lu re lo ads com pa red to the ot -
her ce ments.

In our study, the ad he si ve lu ting agent was
pro vi ded the ten si le bond strength hig her than
poly car boxy la te ce ment for copy-mil led co pings
and ba se me tal co pings.  

Copy-mil led co pings we re fab ri ca ted from zir-
co ni um oxi de blanks du e to opa qu e na tu re and un-
derl ying me tal co lor masks for pre sent study. In
li te ra tu re, a study is pre sent on the re ten ti on of zir-
co ni a co pings ce men ted on to ti ta ni um abut ments.
Ab bo et al22 eva lu a ted the ef fect of the he ight of a
ti ta ni um abut ment on the for ce re qu i red to dis lod -
ge a lu ted zir co ni a co ping. They we re used a pro vi-
si o nal ce ment to lu ted co pings.

In pre sent study, the bond strength va lu es of
two ce ments we re rat her dif fe rent than each ot her,
but the ce ment fa i lu re was the sa me for all spe ci -
mens, It was a ad he si ve fa i lu re oc cur red at the ce-
ment-abut ment in ter fa ce and re si du al ce ment was
pre sent in si de the co ping. The fin ding was si mi lar

to study of Man so ur et al.18 This re sult co uld be ex-
p la ned with the mac hi ned abut ment sur fa ce,
which is un mo di fi ed by any sur fa ce tre at ment. The
sur fa ce was re la ti vely smo oth and the ta per, sur fa -
ce are a, and sur fa ce tex tu re we re the sa me for all
spe ci mens. Be si des, the re was sur fa ce ir re gu la ri ti es
in cre a sing the bond strength vi a mec ha ni cal in ter -
loc king and the sur fa ce are a at in ner sur fa ces of 
co pings. Anot her pos sib le re a son is the mic ro mec -
ha ni cal re ten ti on of the re sin lu ting agents or the
che mi cal re ten ti on of poly car boxy la te ce ment.

Man so ur et al18 sta ted that the re sults do not
sug gest that one ce ment type is bet ter than anot -
her for in vit ro studys, but they do pro vi de a ran k-
ing or der of the ce ments in the ir abi lity to re ta in
the res to ra ti ons. It is at the cli ni ci an’s dis cre ti on to
use a cer ta in type of ce ment, ba sed on the si tu a ti -
on at hand. Cli ni cal tri als are ne ces sary to va li da te
the re sults of this in vit ro study. Alt ho ugh fac tors
such as ther mal cycling, aging, and lo a ding we re
inc lu ded in la bo ra tory stu di es to si mu la te in vi vo
con di ti ons, the se fac tors we re eli mi na ted in this
study.

Wit hin the li mi ta ti ons of this study, Su per -
bond C&B ad he si ve lu ting agent pro vi ded the mo -
re re ten ti on both copy-mil led and ba se me tal
co pings. So ad he si ve lu ting agent may be sug gest in
pre sen ce of short, ta pe red abut ments and in suf fi ci -
ent in te rocc lu sal spa ce. Cli ni ci ans must be de ci de
ac cep tab le lu ting agent with re gard to the amo unt
of de si red re ten ti on bet we en co pings and imp lant
abut ments.
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