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Abstract

Objectives: The aim of this study was to evaluate the influence of artificial ageing on the retention
force of original semipermanent cements, as well as the possibility of using conventional cements
for semipermanent cementation with adequate modification of the cementing protocol. Material and
methods: Forty CoCrMo alloy crowns were divided in four groups (each group n=10) and fixed with
two semipermanent cements (resin-based and glass ionomer-based cements) and one conventional
(zinc phosphate), using conventional and modified cementation techniques on titanium abutments.
The samples were stored in humid conditions for 24 hours at 37°C and subjected to thermocycling
(500 cycles) and mechanical cyclic loading (7 days, 3, 6, 9 and 12 months function simulation). The
cast crowns were removed and the retention force was recorded. Results: The highest initial reten-
tion force measured was for zinc-phosphate cement - conventional cementing (198,00+61,90 N), fol-
lowed in descending order by zinc-phosphate cement - modified cementing technique (152,00+45,42
N), long term temporary cement — GC Fuji Temp LT (57,70+20,40 N), and semipermanent cement - Te-
lio CS Cem Implant (56,10+18,68 N). After 12 months, the highest retention force measured was for
zinc-phosphate cement - conventional cementing (88, 90+14, 45 N), followed by zinc-phosphate ce-
ment — modified cementing (48, 15+14,41N), semipermanent cement GC Fuji Temp LT (16,55%3,88 N)
and Telio CS Cem Implant (15,55+5,52 N). Conclusions: Zinc-phosphate cement - modified cementing
technique and original semipermanent cements can be recommended for conditional permanent ce-
menting of implant supported crowns. Clinical relevance: The use of semipermanenet cements and
zinc-phosphate cement - modified cementing technique provides a predictable retrievability of im-
plant-supported crowns.
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Introduction

The long-term success of implantoprosthetic therapy de-
pends on several factors: good osseointegration of the im-
plant, the quality of the prosthetic reconstruction, and the
connection between the implant and a crown. Due to the
specific connection between the implant and bone in implan-
tology, there is a specific transfer of loading. This connection
is rigid, with no shock absorber mechanism for masticatory
force. This has to be taken into consideration throughout the
entire prosthetic planning and treatment.

The most commonly used retention modes are cemen-
tation and screw-retention. The professional community is
divided regarding the use of cement or fixation screws for
implant supported crown fixation. In fact, there has been
controversy about whether to use cement-retained or screws-
retained implant supported crowns, mostly based on retriev-
ability versus esthetics (1-4).

Passivity is another extremely important factor when ana-
lyzing the features of implant-supported crowns. The analysis
of the currently available scientific studies showed that, com-
plete passivity of screw-retained implant supported crowns is
still a challenge and it should be a goal of modern implan-
tology (5, 6). On the other hand, dental cements allow the
crown to sit passively on implant abutment, filling the space
between abutment and crown, hence enabling the compensa-
tion of small non-concurrences in a crown fitting (7-9).

A wide variety of dental cements, with different prop-
erties, are commercially available to retain an implant-sup-
ported prosthesis. Retention and esthetics are the two main
factors to consider when choosing which cement selection
guidelines are best for individual patients (10).

The retrievability of cemented crowns is highly limited.
Removing permanently cemented crowns from abutment re-
quires significant force. This might result in permanent dam-
age of the crown, abutment and even the implant itself. On
the other hand, temporary cements might allow easy crown
removal, but, taking into consideration their low retention
level, marginal leakage, and dissolubility in oral fluids, these
cements cannot provide adequate retention and long-term
stability of a crown. Ideally, cement should be strong enough
to retain the crown, and at the same time, sufficiently weak
to allow the dentist to remove the crown when needed. The
level of force required to remove the crown should not cause
any implant trauma and damage to the crown and the abut-
ment (11).

Compared to natural teeth and their adaptation mecha-
nisms, implants have no periodontal ligament support (12),
thereby lacking adequate shock absorption and adaptabili-
ty to the high short-term forces which are required during
crown removal. Thus, compared to natural teeth, crown re-
moval might represent an implant overloading (11).

There is a need for a solution that would enable adequate-
ly retained crown and bridges with the simultaneous possi-
bility of retrievability when necessary. The first attempts to
weaken retention and try to increase the ease of retrievability
were by using petroleum jelly in addition to permanent ce-
ments (“Hand-made cements”) (13).

Cementing Technique in Dental Implantology .

Uvod

Uspjeh implantoproteticke terapije, gledano na visegodis-
njoj razini, ovisi o vise ¢imbenika — o dobroj oseointegraciji
implantata, kvalitetno izradenoj proteti¢koj nadoknadi i ve-
zi izmedu implantata i same nadoknade. U implantologiji,
zbog posebne veze implantata i kosti, specifican je prijenos
pritiska. Ta je veza kruta, bez mehanizma amortizacije Zva¢-
nih (mastikatornih) sila. To je ¢injenica koja se tijekom pla-
niranja i izrade nadoknade ne smije zanemariti.

Najées¢e fiksacije su cementiranje i pri¢vr$éivanje vijci-
ma. Fiksiranje zubne nadoknade na nosa¢ nadoknade cemen-
tom ili fiksacijskim vijkom podijelilo je stru¢nu javnost. Mi-
sljenja se razlikuju kad je rije¢ o upotrebi cemenata prema
krunicama na nadoknadama fiksiranima vijcima i u velikoj se
mjeri nastavljaju rasprave o moguénosti njihova uklanjanja u
usporedbi s estetikom (1 — 4).

Pasivnost je sljededi itekako vazan ¢imbenik kada analizi-
ramo karakteristike krunica postavljenih na implantate. Anali-
ze trenuta¢no dostupnih znanstvenih ¢lanaka pokazale su da je
potpuna pasivnost restauracija fiksiranih vijcima na implanta-
tima-nosacima jo$ uvijek izazov, a treba biti cilj suvremene im-
plantologije (5, 6). S druge strane, dentalni cementi omoguéuju
pasivno lezanje nadoknade na implantatu-nosacu, ispunjavaju-
¢i prostor izmedu nadogradnje i krunice te omoguc¢ujuéi kom-
penzaciju malih nepreciznosti pri nalijeganju (7 - 9).

Na trzistu je velik broj dentalnih cemenata razlicitih ka-
rakteristika za retenciju nadoknada na implantatima. Reten-
cija i estetika dva su osnovna ¢imbenika koja se uzimaju u ob-
zir pri selekcijskim kriterijima za izbor najboljeg cementa za
svakog pacijenta (10).

Mogu¢nost uklanjanja nadogradnji retiniranih cementi-
ma visoko je limitirana. Uklanjanje trajno cementirane kru-
nice s nadogradnje zahtijeva primjenu dosta velike sile. Tim
se postupkom mogu trajno ostetiti krunica, nadogradnja pa
¢ak i implantat. § druge strane, privremeni cementi omogu-
¢uju lagano uklanjanje nadoknade, ali ako uzmemo u obzir
nizak stupanj retencije, marginalno propustanje i topivost u
oralnim teku¢inama, ti cementi ne mogu dulje osigurati od-
govarajucu retenciju i stabilnost nadoknade u funkciji.

Cement bi trebao biti dovoljno jak da retinira krunicu,
a istodobno dovoljno slab da omoguc¢i doktoru da je ukloni
bude li to potrebno. Razina sile potrebne za uklanjanje na-
doknade mora biti tolika da ne prouzroci bilo kakvu traumu
implantata te o$tecenje krunice i nadogradnje (11).

U usporedbi s prirodnim zubima i njihovim mehanizmi-
ma adaptacije, implantati nemaju potporu okolnih ligame-
nata (12), $to rezultira nedostatkom adekvatnoga mehaniz-
ma amortizacije sile i adaptacije na kratkotrajne sile visokog
intenziteta koje je potrebno primijeniti pri pokusaju skidanja
nadoknade. Zato u usporedbi s prirodnim zubom, uklanjanje
krunica postavljenih na implantate moze preopteretiti im-
plantat (11). Potrebno je pronadi rjesenje koje ¢e omoguciti
adekvatnu retenciju krunica i mostova, uz istodobnu mogu¢-
nost njihova uklanjanja bude li potrebno. U prvim pokusa-
jima da se oslabi retencija cementiranjem i pove¢a mogué-
nost njihova uklanjanja dodavao im se vazelin (hand-made
cements) (13).
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However, due to the arbitrary retention obtained, this
method was soon abandoned. Another way to reach an ide-
al balance is to apply conventional cement (zinc-phosphate
or conventional glass ionomer cement) only on the crown’s
edges. In this case, the unfavorable characteristic of marginal
dissolubility and the level of discrepancy of conventional ce-
ments can result in a decrease of cement retention after a cer-
tain period of time (10, 14, 15).

There are also specifically designed cements for long-term
temporary cementing which enable adequate crown reten-
tion for the period of 6 months to one year. This semiperma-
nent cementation model and retrievability modalities have
been reviewed in some studies (16-22).

In vitro conditions may be used to simulate some influ-
ential factors of the oral environment and material’s potential
performance iz vivo. One of the conventionally used systems
of artificial ageing is thermal cycling which includes subject-
ing of samples to repeated cycle of hot and cold temperatures,
in order to reproduce thermal changes occurring in the oral
cavity (23). Thermal changes induce stress in dental materi-
als; therefore the properties of materials could be changed.

Compressive cyclic loading represents a method of simu-
lating occlusal stresses encountered in the oral environment.
The mentioned method of masticatory cycle’s simulation was
used in the observation of dental cements retention force in
different time points (24, 25).

Hence, the aim of this study was to test the influence
of artificial ageing on the retention force of semipermanent
cements, as well as the possibility of using conventional ce-
ments for semipermanent cementing with a specific modifi-
cation of the cementing protocol.

The following hypothesis has been tested:

There is no difference in the retention provided by all
tested cements - GC Fuji Temp LT, Telio CS Cem Implant
and Harvard Cement (standard and modified cementing
technique) at retention measurement time-points.

There is no influence of thermal cycling and compressive
cyclic loading on the physical retention of tested cements at
measurement time points.

Material and methods

The working model was 40 titanium abutments (Easy
abutment NP 0,75, Nobel Biocare, Sweden), conical by 8,
height 5,5 mm, 40 implant replicas (Implant Replica, Nobel
Biocare, Sweden. Abutments were screwed into implant rep-
licas with 35 N/cm of torque. The crowns made from CoCir-
Mo alloy (Bond NF — Nickel free, Interdent, Slovenia) were
used (Figure 1, 2).

The abutment access channel was closed with a tempo-
rary light polymerizing composite (Temp it, Spident, South
Korea). In this study, the crowns were made based on a sil-
icon mold with occlusal two-thirds of the crown of acrylate
Frasaco tooth - second lower premolar. The inner side of the
crown and the thickness of the cemented space were stan-
dardized by using 7 mm plastic molding caps (Plastic Cop-
ing Easy Abutment Engaging NP 2 pkg). After the casting,
the outer surface of the crown was highly-polished, whereas

Tehnike cementiranja u dentalnoj implantologiji

Tako dobivena retencija bila je proizvoljna i izvan kontro-
le te se ubrzo odustalo od takvog postupka. Drugi nain, kori-
sten u svrhu idealnog balansa, jest nano$enje konvencionalnog
cementa (cink-fosfatni ili klasi¢ni staklenoionomerni cement)
samo na rubove nadoknade. U tom slucaju nepovoljno svoj-
stvo — marginalna topivost i posljedi¢ni nastanak diskrepanci-
je —kod konvencionalnih cemenata moze rezultirati padom re-
tencije cementa nakon odredenog vremena (10, 14, 15).

Na trzi$tu postoje i tehnoloski specijalno razvijeni cemen-
ti za dugotrajno privremeno cementiranje koji osiguravaju
odgovarajucu retenciju nadoknade od 6 mjeseci do godinu
dana. Taj nacin polutrajnog cementiranja i mogu¢nost ukla-
njanja obradena je u nekim studijama (16 - 22).

U uvjetima 77 vitro mogu se simulirati neki ¢imbenici iz
usne Supljine koji mogu utjecati na promjene svojstava den-
talnih gradivnih materijala u uvjetima iz vivo. Jedan od naj-
¢esce koristenih nacina u simulaciji umjetnoga starenja jest
termocikliranje koje uklju¢uje podvrgavanje eksperimental-
nih uzoraka ponovljenim ciklusima niske i visoke temperatu-
re kako bi se postigle temperaturne promjene koje se dogada-
ju u usnoj Supljini (23). Temperaturne promjene induciraju
stres u dentalnim materijalima pa njihova svojstva mogu bi-
ti promijenjena.

Mehanicka ciklicka optere¢enja metoda su simulacije
okluzalnih stresova u usnoj $upljini. Spomenuti nacin simu-
lacije Zva¢nih ciklusa koristen je u opservaciji retencijskih si-
la dentalnih cemenata, promatrano u razli¢itim vremenskim
to¢kama (24, 25).

Zato je svrha ove studije bila ispitati utjecaj umjetnoga sta-
renja na retencijsku silu polutrajnih cemenata te je li moguce
upotrijebiti konvencionalne cemente za semipermanentno ce-
mentiranje, uz specifi¢nu prilagodbu njihova protokola.

Testirane su sljede¢e hipoteze: ne postoji razlika u reten-
cijskim silama testiranih cemenata — GC Fuji Temp LT, Telio
CS Cem Implant i Harvard Cement (standardna i prilagode-
na tehnika cementiranja) promatrano na vremenskim tocka-
ma mjerenja; nema utjecaja termocikliranja i mehanickih ci-
klickih optere¢enja na fizicku retenciju testiranih cemenata
promatrano na vremenskim tockama mjerenja.

Materijal i metode

U studiji je koristeno 40 titanijevih nadogradnji (Easy
abatment NP 0,75; Nobel Biocare, Svedska) koninosti 8,
visine 5,5 mm i 40 replika implantanta (Implant Replica,
Nobel Biocare, Svedska). Abutmenti su pri¢vr$éeni na im-
plantate analoge silom od 35 N/cm. Krunice su izradene od
legure Co-Cr-Mo (Bond NF — Nickel free, Interdent, Slove-
nija) (slike 1.12.).

Pristupni kanal nadogradnje zatvoren je privremenim
svjetlosnopolimerizuju¢im kompozitom (Temp it, Spident,
Juzna Koreja).

Nadoknade su izradene na osnovi silikonskog kalupa
okluzalne dvije tre¢ine krunice akrilatnoga Frasaco zuba —
drugoga donjeg premolara. Unutarnji aspeke nadoknade i
debljina cementnoga prostora standardizirani su upotrebom
plasti¢nih kapica za lijevanje (Plastic Coping Easy Abatment
Engaging NP 2 pkg) visine 7 mm.
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Figure 1 Titanium implant replica and abutment with crown

Slika 1. Titanijev implantat — replika i nadogradnja s krunicom

Figure 2 Titanium implant replica and abutment connected with crown
Slika 2. Titanijevimplantat — replika i nadogradnja fiksirana za krunicu
Figure 3 Samples prepared for artificial ageing

Slika 3. Uzorci pripremljeni za umjetno starenje

Figure 4 Sample fixed in Universal testing machine

Slika 4. Uzorci fiksirani u univerzalnom uredaju za testiranje

the inner surface was sandblasted with 50 micron aluminum-
oxide particles. The crown fitting check was completed us-
ing silicon material (Fit Checker, GC Co, Tokyo, Japan). The
samples were cleaned in an ultrasound bath and with hydro-
fluoric acid to avoid contamination of the binding surfaces.

The 40 samples were then divided into four groups with
10 samples each. The study evaluated three commercially
available cements: semipermanent cement (Telio CS Cem
Implant, Ivoclar Vivadent, Liechtenstein), semipermanent
cement (GC Fuji Temp LT, GC, Japan) and convention-
al zinc-phosphate cement for permanent cementation (Har-
vard Cement, Harvard, Germany) (standard and modified
cementing technique) (Table 1).

Semipermanent cements Telio CS Cem Implant and GC
Fuji Temp LT, and conventional zinc phosphate Harvard Ce-
ment (standard technique) were prepared according to the
manufacturer’s instructions and applied to the complete in-

Table1  Type of cements and testing groups
Tablica 1. Vrste cemenata i grupe testiranja

Group ® Number of samples
Grupe Broj uzoraka

Type of cement ® Vista cementa

Nakon lijevanja je vanjska povr$ina nadoknade visokopo-
lirana, te pjeskarena cesticama aluminijeva oksida velic¢ine 50
pm. Nalijeganje nadoknada provjereno je upotrebom silikon-
skog materijala za provjeru nalijeganja (Fit Checker, GC Co,
Tokio, Japan). Uzorci su o¢iséeni u ultrazvu¢noj kupki i hi-
drofluoriénom kiselinom da bi se izbjegla kontaminacija ve-
zivnih povrsina.

U Cetiri skupine od po deset uzoraka rasporedeno je 40
uzoraka. U studiji su evaluirana tri komercijalno dostupna
cementa — semipermanentni cement (Telio CS Cem Implant,
Ivoclar Vivadent, Lihtenstajn), cement za dugotrajno privre-
meno cementiranje (GC Fuji Temp LT, GC, Japan) i konven-
cionalni cink-fosfatni cement za trajno cementiranje (Har-
vard Cement, Harvard, Njemacka) (standardna i prilagodena
tehnika cementiranja) (tablica 1.).

Semipermanentni cement Telio CS Cem Implant i GC
Fuji Temp LT i konvencionalni cink-fosfatni cement — Har-

Packing mode ® Pakiranje

Dual-curing resin semipermanent cement comes as
| 10 Telio CS Cem, IvoclarVivadent, Liechtenstein two pastes in one syringe. ® Dvostruko polimerizujuéi
Lihtenstajn kompozitni semipermanentni cement; proizvodi se u dvije
paste u jednoj brizgalici.
Glass ionomer semipermanent cement comes as two pastes
2 10 Fuji TEMP LT, GC in one syringe. ® Staklenoionomerni semipermanenti
cement; proizvodi se kao dvije paste u jednoj brizgalici.
Zinc-phosphate cement, Harvard, Germany Conventional permanent cement comes as powder and
3 10 (conventional cementing)  Cink-fosfatni cement, liquid. ® Konvencionalni trajni cement u obliku praha i
Harvard, Njemacka (konvencionalno cementiranje) tekudine.
Zinc-phosphate cement, Harvard Germany (modified | Conventional permanent cement, comes powder and
4 10 cementing technique) ¢ Cink-fosfatni cement, Harvard | liquid. ¢ Konvencionalni trajni cement; u obliku praha i
Njemacka (prilagodena tehnika cementiranja) tekudine.
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ner walls of the crown. For modified cementing technique,
zinc phosphate Harvard cements were used according to the
manufacturer’s instructions, and were applied with a small
brush in a thin film band of 1mm to the cervical margin of
the inner surface of the copings.

The crowns were carefully placed on the abutments and
a 5 kg-controlled force was applied using a hydraulic, dig-
ital controlled press. The samples cemented with Telio CS
Cem Implant were lightened initially for 3 seconds to obtain
a rubbery consistency and for easier removal of excess mate-
rial. The excess material of the samples with GC Fuji Temp
LT and Harvard Cement, Harvard, Germany, was also re-
moved once the cements reached a rubbery consistency. All
samples were subjected to controlled pressure for 10 minutes
to complete the process of chemical polymerization and set
the cement. The samples were stored for the next 24 hours
in artificial saliva at 37°C temperature, and subjected to a
thermocycling process which consisted of 500 cycles of tem-
perature fluctuations (5-55°C). After that, the samples were
fixed in special modules in base of self-curing acrylate ma-
terial which is similar to the human bone by its modulus of
elasticity (Technovit 9100, Heraeus Kultzer, Hanau, Germa-
ny) (Figure 3).

Chewing cycle’s simulation was performed in masticatory
cycle simulating machine (Chewing simulator CS-4.2 econ-
omy line (SD Mechatronik, Germany)) in an artificial saliva
environment. with a predetermined schedule in term of sim-
ulation of mouth function periods (7 days, 3, 6, 9 and 12
months function simulation) (Figure 3, Table 2).

Table 2

Tehnike cementiranja u dentalnoj implantologiji

vard Cement (standardna tehnika) pripremljeni su pre-
ma uputama proizvodaca i naneseni na kompletnu povrsi-
nu unutarnjih zidova nadoknade. Za prilagodenu tehniku
cementiranja je cink-fosfatni cement pripremljen u skladu s
uputom proizvodaca i apliciran ¢etkicom u tankom sloju —
1 mm $irine, na cervikalni rub unutarnje povrsine krunice.
Nadoknade su pazljivo postavljene na nadogradnju i tije-
kom vezivanja cementa je, s pomo¢u hidrauli¢ne prese s di-
gitalnom kontrolom, primijenjena kontrolirana sila od 5 kg.
Uzorci pri¢vréeni semipermanentnim cementima prosvijet-
ljeni su inicijalno 3 sekunde kako bi se dobila gumasta kon-
zistencija cementa i olaksalo uklanjanje mogucega viska. Vi-
$ak cementa na uzorcima pri¢vrséenima cementima GC Fuji
Temp LT i Harvard takoder je uklonjen kada je cement posti-
gao gumastu konzistenciju. Svi uzorci su pod kontroliranim
pritiskom bili 10 minuta kako bi se zavr$io proces vezivanja
cemenata. Sljedeca 24 sata uzorci su bili pohranjeni u medi-
ju umjetne pljuvacke na temperaturi od 37 °C i podvrgnuti
procesu termocikliranja koji se sastojao od 500 ciklusa tem-
peraturnih fluktuacija (5 —55 °C). Nakon toga su fiksirani u
specijalnim modulima u bazu od samovezujuéeg akrilata ko-
ji je prema svojoj elasti¢nosti sli¢an ljudskoj kosti (Technovit
9100, Heraeus Kultzer, Hanau, Njemacka) (slika 3.).
Simulacija zva¢nih ciklusa obavljena je u uredaju za simu-
laciju mastikatornih ciklusa (Chewing simulator CS-4.2 eco-
nomy line - SD Mechatronik, Njemacka) u mediju umjetne
pljuvacke, prema utvrdenom rasporedu simulacije razdoblja
funkcije u usnoj $upljini (7 dana, 3, 6,9 i 12 mjeseci) (tablica
2.). Kada je kompletiran proces umjetnoga starenja, retencij-

Testing periods of artificial aging with mechanical loading cycles

Tablica 2. Testna razdoblja umjetnoga starenja s ciklusima mehanickih ciklickih opterecenja

Testing rounds ° Testing periods ® Number of masticatory cycles (mechanical loading cycles) ®
Krugovi testiranja Testna razdoblja Broj zva¢nih ciklusa (mehanicka ciklicka opterecenja)

1 7 days ® dana 192

2 3 months * mjeseca 2500

3 6 months * mjeseci 5000

4 9 months * mjeseci 7500

5 12 months ® mjeseci 10 000

Once the artificial ageing process of the material was
complete, the retention force of the samples was measured
with a Universal testing machine (Instron 1122) (Figure 4).
Uniaxial tensile force with 1 millimeter per minute speed was
applied and the results were recorded on/ the testing machine
graph. The samples were cleaned under the same protocol be-
tween the individual testing rounds - crowns were subjected
to 220 °C temperature (2 cycles with 12 minutes duration) at
the sterilization device to enhance degradation of cement res-
idues and to make its removal easier. The samples were then
cooled at the room temperature. Cement excess was at first
removed by hand tools, while the rest of the cement from
rough inner surface of the crown was removed by sand blast-
ing.

After sterilization, the inner surface of crown copings were
cleaned by sandblasting with aluminum oxide 50 pm particles
under the pressure of 2,5 barometers and dried using com-

ska sila uzoraka izmjerena je u univerzalnom uredaju za testi-
ranje (Instron 1122) (slika 4.). Aplicirana je uniaksijalna zate-
zna sila brzine 1 milimetar u minuti, a rezultati su zabiljezeni
na grafikonu kidalice.

Izmedu pojedinih krugova testiranja uzorci su ¢iséeni pre-
ma istom protokolu, a nadoknade su podvrgnute djelovanju
temperature od 220 °C (2 ciklusa po 12 minuta) u uredaju za
sterilizaciju da bi se pospjesila degradacija ostataka cementa i
olaksalo njegovo uklanjanje.

Uzorci su zatim ohladeni na sobnoj temperaturi. Visak
cementa najprije je uklonjen ruénim instrumentima, a osta-
tak s hrapave unutarnje povrsine nadoknade ocis¢en je pje-
skarenjem.

Nakon zavriene sterilizacije, unutarnja povr$ina krunica
olis¢ena je pjeskarenjem s Cesticama aluminijeva oksida ve-
licine 50 pm, pod pritiskom od 2,5 bara i krunice su osuse-
ne komprimiranim zrakom. Ostatci cementa s povrSine na-
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pressed air. Cement residues from the abutment surface were
hand-removed with plastic instrument and surface of abut-
ment was polished with paste (CleanJoy, Voco, Germany).
Abutments and crowns were cleaned by ultrasound in the fi-
nal phase of the cleaning protocol. After cleaning, the sam-
ples were inspected under ten times magnification to ensure
that the surfaces of the samples were free of residual cement.

Statistical analysis

The statistical analyses were performed using the SPSS
software (IBM SPSS statistics 24.0, IBM Corporation, New
York, United States) at a 5% significance level. The Anova
test and post-hoc tests, the Tukey and Tamhane's T2, were
applied to quantitative and continuous variables.

Results

The highest initial retention force was recorded for zinc-
phosphate cement — conventional cementing (198.00+61.90
N) followed by (in descending order) zinc-phosphate ce-
ment - modified cementing technique (152.00+45.42 N),
cement for temporary long term cementation — Fuji Temp
LT (57,70+20,40 N) and semipermanent cement — Telio CS
Cem Implant (56.10+18.68 N) (Table 3).

After exposing the samples to artificial aging, a decrease
in retention force was recorded for both cementing tech-
niques. After 12 months, the retention value in those samples
that were cemented using a conventional technique was 88.
9+14.45 N. This value was lower (48.15+14.41 N) for the
samples cemented by the modified techniques.

Retention values of samples cemented with both tech-
niques (conventional and modified) decreased gradually dur-
ing all tested periods. A significant difference was not re-
corded during the initial measurement (p=0,074) but it was
found on the 7* day (p=0,019), 3 month (p<0,001), 6*
month (p=0,005), 9" month (p<0,001) and 12% month
(p<0,001) (Table 3).

Semipermanent cements Telio CS Cem Implant and long
term temporary cement GC Fuji Temp LT also had a similar
initial retention force (56,10+18,68 N and 57,70+20,40 N )
without a significant difference (p=1,000).

Subsequent testing rounds recorded a continuous de-
crease in retention force for both semipermanent cements,
but without any statistically significant difference at all tested
periods: 7" day (p=0,988), 3" month (p=1,000), 6" month
(p=0,994), 9* month (p=0,892) and 12 month (p=0,997)
(Table 3).

Discussion

The factors that determine the retention of the crown on
the implant abutment are numerous: height and shape of
abutment, crown/abutment fit, surface roughness of crown
and abutment, functional ageing, cement film thickness, ce-
ment type, and the cementation technique used (20, 22 -
28). The present study evaluated two of these factors: cement
type and ageing.

Cementing Technique in Dental Implantology .

dogradnje ru¢no su uklonjeni plasticnim instrumentima i
povrsina je polirana pastom (Cleanjoy, Voco, Njemacka). I
nadgradnje i krunice oc¢is¢eni su ultrazvucno u finalnoj fazi
protokola ¢is¢enja. Nakon toga obavljen je pregled povrsine
pod povecanjem od 10 puta da bismo bili sigurni da na povr-
$ini uzorka viSe nema ostataka cementa.

Statisti¢ka analiza

Statisticka analiza obavljena je u softveru SPSS (IBM
SPSS statistics 24.0, IBM Corporation, New York, SAD)
na razini znacajnosti od 5 %. ANOVA i post-hoc test te Tu-
keyjev test i Tamhaneov T2 koriSteni su za kvantitativne i
kontinuirane varijable.

Rezultati

Najvisa inicijalna retencijska sila zabiljezena je za cink-fos-
fatni cement — konvencionalna tehnika cementiranja (198,00
+ 61,90 N) a slijede (u silaznom nizu) cink-fosfatni cement
— prilagodena tehnika cementiranja (152,00 + 45,42 N), ce-
ment za dugotrajno privremeno cementiranje Fuji Temp LT
(57,70 + 20,40 N) i semipermanentni cement Telio CS Cem
Implant (56,10 + 18,68 N) (tablica 3.).

Nakon izlaganja uzoraka umjetnom starenju, opadanje
retencijske sile zabiljezeno je pri primjeni obiju tehnika ce-
mentiranja. Nakon 12 mjeseci su retencijske vrijednosti u
uzorcima cementiranima konvencionalnom tehnikom izno-
sile 88,90 + 14,45 N. Izmjerena vrijednost bila je niza (48,15
+ 14,41 N) u uzorcima cementiranima prilagodenom tehni-
kom.

Retencijske vrijednosti uzoraka cementiranih objema teh-
nikama (konvencionalnom i prilagodenom) snizavaju se po-
stupno tijekom svih testnih razdoblja.

Tijekom inicijalnog mjerenja nije uocena statisticki zna-
¢ajna razlika (p = 0,074), ali je zabiljezena u sedmom danu
(p = 0,019), treéem mjesecu (p < 0,001), Sestom mjesecu (p
=0,005), devetom mjesecu (p < 0,001) i dvanaestom mjesecu
(p < 0,001) simulirane funkcije (tablica 3.).

Semipermanentni cement Telio CS Cem Implant i dugo-
trajni priviemeni cement GC Fuji Temp LT takoder pokazu-
ju sli¢ne vrijednosti retencijskih sila (56,10 + 18,68 N i 57,
70 £ 20,40 N ) bez statisticki znacajne razlike (p = 1,000).

U sljedecim ciklusima testiranja zabiljezen je kontinuira-
ni pad retencijskih sila za oba semipermanentna cementa, ali
bez statisticki znacajne razlike u svim testnim razdobljima —
sedam dana (p = 0,988), 3 mjeseca (p = 1,000), 6 mjeseci (p
=0,994), 9 mjeseci (p = 0,892) i 12 mjeseci (p = 0,997) (ta-
blica 3.).

Rasprava

Mnogobrojni su ¢imbenici koji determiniraju retenciju
krunica na nadogradnjama implantata — visina i oblik nado-
gradnje, nalijeganje krunica na nadogradnju, povrsinska hra-
pavost krunice i nadogradnje, funkcionalno starenje, deblji-
na cementnoga filma, vrsta cementa i upotrijebljena tehnika
cementiranja (20, 22 — 28). Ova studija ispitivala je utjecaj
dvaju ¢imbenika — vrstu cementa i starenje.
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Table 3  Retention force of semipermanent cements and zinc phosphate cemenet (conventional and modified cementing techniques)
recorded in N
Tablica 3. Vrijednosti retencijskih sila semipermanentnih cemenata i cink-fosfatnoga cementa (konvencionalna i prilagodena tehnika

cementiranja) zabiljezena u njutnima (N)

Type of cement ® Vrsta cementa Mean+SD p
Initial measurement ® Inicijalno mjerenje
semipermanent cements ® semipermanenti cementi
Telio CS 56.10+18.68 1,000
GC Fuji Temp LT 57.70+20.40 '
zinc phosphate cement * cink-fosfatni cement
conventional cementing technique ® konvencionalna tehnika cementiranja 198.00+61.90 0.074
modified cementing technique ¢ prilagodena tehnika cementiranja 152.00+45.42
7 days * 7 dana
semipermanent cements ® semipermanenti cementi
Telio CS 33.50+12.71 0.988
GC Fuji Temp LT 38.35¢14.41 '
zinc phosphate cement * cink-fosfatni cement
conventional cementing technique ¢ konvencionalna tehnika cementiranja 179,30+53,78 0,019
modified cementing technique ¢ prilagodena tehnika cementiranja 132.65+35.49 ’
3 months ® 3 mjeseca
semipermanent cements ® semipermanenti cementi
Telio CS 32.10£16.82 1,000
GC Fuji Temp LT 31.90£12.96
zinc phosphate cement ¢ cink-fosfatni cement
conventional cementing technique ® konvencionalna tehnika cementiranja 153.85+47.73
modified cementing technique ® prilagodena tehnika cementiranja 87.80+35.70 <0001
6 months ° 6 mjeseci
semipermanent cements ® semipermanenti cementi
Telio CS 25.30+15.11 0.994
GC Fuji Temp LT 28.70+13.57
zinc phosphate cement * cink-fosfatni cement
conventional cementing technique ® konvencionalna tehnika cementiranja 131.7£41.26 0.005
modified cementing technique ® prilagodena tehnika cementiranja 84.05+36.68
9 months * 9 mjeseci
semipermanent cements ® semipermanenti cementi
Telio CS 18.80+7,18
. 0.892
GC Fuji Temp LT 22.80+6.96
zinc phosphate cement ® cink-fosfatni cement
conventional cementing technique * konvencionalna tehnika cementiranja 99.00+14.10 «0.001
modified cementing technique ¢ prilagodena tehnika cementiranja 62.20+18.29
12 months ® 12 mjeseci
semipermanent cements ® semipermanenti cementi
Telio CS 15.5545.52 0.997
GC Fuji Temp LT 16.55+3,88
zinc phosphate cement * cink-fosfatni cement
conventional cementing technique ® konvencionalna tehnika cementiranja 88.90+14.45 <0.001
modified cementing technique ¢ prilagodena tehnika cementiranja 48.1514.41

Bold indicates p< .05
The p values corresponds to statistically difference between 2 semipermanent cements and 2 different cementing techniques with zinc phosphate cement ®
p vrijednost odgovara statistickoj razlici izmedu 2 semipermanentna cementa i 2 razlicite tehnike cementiranja s cink-fosfatnim cementom

Initially, the measurements of retention force of sam-
ples that were not exposed to artificial ageing showed that
the highest retention force was zinc-phosphate cement Har-
vard, conventional cementing technique (198.00£61.90 N)
followed by zinc-phosphate cement Harvard - modified ce-
menting technique (152.00+45.42 N), temporary cement
for long-term temporary cementation — Fuji TEMP LT

Inicijalno mjerenje retencijske sile uzoraka koji nisu bi-
li izloZeni umjetnom starenju pokazalo je najvisu vrijednost
kod cink-fosfatnoga cementa Harvard — konvencionalna teh-
nika cementiranja (198,00 + 61,90 N) a slijede cink-fosfatni
cement Harvard — prilagodena tehnika cementiranja (152,00
t+ 45,42 N), priviemeni cement za dugotrajno cementiranje
Fuji TEMP LT (57,70 + 20,40 N) i semipermanentni cement
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(57.70£20.40 N) and semipermanent cement — Telio CS
Cem Implant (56,10+18,68 N). Our results are in lines with
a study by Lugas et al (21), which evaluated the degree of re-
trievability of three different cements, ranked from tempo-
rary to definitive cementation use.

Nowadays, zinc-phosphate cement is still used in many
studies in order to compare conventional and specially de-
veloped cements (14, 15, 29-33). All these studies, including
this one, recorded high values of retention for zinc-phosphate
cement immediately after cementing.

The high retention force of permanent cements requires
the application of significant force during the crown remov-
al from the implant abutment. Due to the need to reduce
the load on the implant/abutment/crown complex during
the restoration removal and securing the retrievability of the
implant-supported crowns, the idea of examining the effects
of modifying the cementation technique of conventional ce-
ments emerged.

Our study found the difference between the initial reten-
tion of unloaded samples, cemented with conventional tech-
nique by applying cement to the entire inner surface of the
crown (198,00+61,90 N) and with the modified technique
of applying the cement layer only along the crown’s edge
(152,00+45,42 N). Despite the fall of the retention value of
cement during the mouth function, the retention force val-
ue still remained high after one year when the conventional
technique was utilized (88.9+14.45 N). This value was signif-
icantly lower for samples cemented using the modified tech-
nique (48.15£14.41 N).

Although showing extremely high initial retention values,
the main deficiency of zinc-phosphate cement appeared - the
dissolution of the cement layer on the marginal parts as well
as marginal discrepancy, which has been described in previ-
ous studies (10, 14, 34).

Considering that the retention surface is directly propor-
tional to the cement retention value, the modified cement-
ing technique used was applying a 2 mm wide cement lay-
er only along the crown edges. During the time of the study,
our measurements showed that the cement dissolved at the
crown edges, which resulted in the retention value weak-
ening gradually. There were significant differences between
the retention values of conventional and modified cement-
ing techniques during all the testing intervals of our study
(p=0,019, p <0,001, p=0,005, p<0,001, p<0,001) except the
initial measurement (p=0,074). These findings are in contrast
to the results of Mehl et al. and Wolfart et al. studies (33, 35).

However, it should be mentioned that the methodology
of these studies did not include artificial ageing of the sam-
ples. The reason behind the initial retention force value re-
corded for zinc-phosphate cement used with metal compo-
nents of implantoprosthetic reconstructions s its proven high
bond with crowns, made of both precious and non-precious
alloys. Ergin et al. documented the stronger retention force
of zinc-phosphate cement on the surface of a non-precious
alloy crown (36). For the purpose of this study, the crowns
were manufactured of CoCrMo alloy as one of the most fre-
quently used non-precious alloys in modern dentistry, which
continues to be the subject of new research on its additional

Cementing Technique in Dental Implantology .

Telio CS Cem Implant (56,10 + 18,68 N). Nasi rezultati u
skladu su s onima iz studije Lugasa i suradnika (21) koji su
istrazivali stupanj moguénosti uklanjanja triju razlicitih ce-
menata rangiranih od privremenoga do definitivnoga.

Danas se cink-fosfatni cement jo$ uvijek koristi u mno-
gim studijama za usporedbu konvencionalnih i specijalno di-
zajniranih cemenata (14, 15, 29 — 33). U svima njima, uk-
lju¢ujuéi i nasu studiju, zabiljeZene su visoke retencijske
vrijednosti cink-fosfatnoga cementa neposredno nakon ce-
mentiranja.

Visoka retencijska sila trajnih cemenata zahtijeva primje-
nu znatne sile pri uklanjanju krunice s nadogradnje implan-
tata. U skladu s potrebom reduciranja optereéenja kompleksa
implant — nadogradnja — krunica, tijekom uklanjanja nado-
gradnje i osiguranja mogu¢nosti uklanjanja krunica postavlje-
nih na implantate, nastala je ideja da se ispita ucinak prilago-
dene tehnike cementiranja kod konvencionalnih cemenata.
U najoj studiji pronadena je razlika izmedu inicijalne vrijed-
nosti neoptere¢enih uzoraka cementiranih konvencionalnom
tehnikom pri apliciranju cementa na cijelu unutarnju povrsi-
nu krunice (198,00 + 61,90 N) i pri¢vrséenih modificiranom
tehnikom kod koje se cementni sloj nanosi samo duz ruba
krunice (152,00 + 45,42 N). Unato¢ padu vrijednosti reten-
cijske sile cementa tijekom funkcije u usnoj $upljini, i poslije
jedne godine jos je uvijek visoka ako je koristena konvenci-
onalna tehnika cementiranja (88,9 + 14,45 N). Ta je vrijed-
nost znatno niza u uzorcima cementiranima prilagodenom
tehnikom cementiranja (48,15 + 14,41 N).

lako pokazuje iznimno visoku inicijalnu retencijsku vri-
jednost, glavni nedostatak cink-fosfatnoga cementa jest to-
pljenje cementnoga sloja duz rubnoga dijela krunice i mar-
ginalna diskrepancija opisana u dosadasnjim studijama (10,
14, 34).

Imajuéi na umu da je retencijska povrsina izravno pro-
porcionalna retencijskoj vrijednosti cementa, prilagodena
tehnika cementiranja koristena je samo uz rub krunice u
2-milimetarskome cementnom sloju. Tijekom rada na stu-
diji mjerenja su pokazala da se cement rastapa duz ruba kru-
nice, $to rezultira postupnim slabljenjem retencijske vrijed-
nosti. U nasoj studiji pronadena je znacajna razlika izmedu
retencijske vrijednosti konvencionalne i prilagodene tehnike
cementiranja tijekom svih testiranja (p = 0,019, p < 0,001,
p =0,005, p < 0,001, p < 0,001), osim pri inicijalnom mje-
renju (p = 0,074). Ti su rezultati u suprotnosti s rezultati-
ma iz studija i Mehla i Wolfarta sa suradnicima (33, 35).
Ipak, potrebno je napomenuti da metodologija tih studija
nije uklju¢ivala umjetno starenje uzoraka. Razlog koji se na-
lazi iza inicijalna retencijske sile zabiljezene za cink-fosfatni
cement upotrijebljen s metalnim komponentama implanto-
proteticke rekonstrukcije, jest njegova dokazana visoka sila
vezivanja s krunicama od plemenitih i neplemenitih legu-
ra. Ergin i suradnici dokumentirali su jacu retencijsku silu
cink-fosfatnoga cementa za povi$inu krunica od nepleme-
nitih legura (36). Za potrebe ove studije krunice su proizve-
dene od legure Co-Cr-Mo kao jedne od najcesée koristenih
neplemenitih slitina u suvremenoj stomatologiji koja nastav-
lja biti predmetom novih istrazivanja zbog svojih dodatnih
performansi, $to je vazno u dizajniranju i proizvodnji ma-
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performance which is important in designing and manufac-
turing materials with optimal characteristic (37). On the oth-
er hand, implant abutments are made of titanium, which ac-
counts for the high initial retention value of zinc phosphate
cement immediately after cementing.

The results of this study showed that semipermanent ce-
ments Telio CS (56.10£18.68 N) and GC Fuji Temp LT
(57.70+20.40N) also had a similar initial retention force.
The retention force decreased gradually along with all me-
chanical loading cycles’ levels. Comparing the retention force
of unloaded samples and retention values measured after 12
months, decreases in retention were recorded (15.55+5.52N
and 16.55+3.88 N). This still represented a value high enough
for enabling crown stability in function, and low enough to
allow for the prosthetics reconstruction to be removed from
the abutment without trauma. Hence, these cements fulfil
the retrievability condition which was the basic idea in their
technological development. Our study showed that the dece-
mentation forces of both the semipermanent cements which
we evaluated depend significantly on ageing levels. These
findings were confirmed in the Kappel et al study (20).

The studies conducted by Mundt et al and Alvarez-Are-
nal et al also concluded that the semipermanent model of
cementing provides crown retrievability (38, 39). A retro-
spective study conducted by Schwarz et al. found a high sur-
vival rate for both, semipermanent and permanent cement-
ing techniques on implant abutments (16).

The cements examined in our study, Telio CS Implant
(dual-curing resin cement) and GC Fuji Temp LT (glass ion-
omer self-cure cement), are originally made for long-term,
temporary cementing of crowns on implant abutments.
These cements are highly sensitive to the presence of humidi-
ty during the polymerization process. The fact that our study
was conducted in a laboratory, where it was possible to main-
tain absolutely controlled dry conditions, could have signifi-
cant impact on the retention values we recorded. It indicates
the significance of having an adequate and effective cement-
ing protocol in oral mouth conditions where it is difficult to
work in the above mentioned conditions. Maintaining the
retention value at a level sufficient for enabling crown sta-
bility in function, one year after cementation could be ex-
plained with its specific glass-ionomer formulation. Conven-
tional glass-ionomer material shows the material expansion
during the initial setting time, which reduces the net amount
of curing shrinkage, lower degree of shrinkage comparing to
resin modified glass-ionomer (40) and tooth like coeflicient
of thermal expansion. These factors could maintain the mar-
ginal seal and slow down the dissolution of cement.

Bearing in mind the fact that the retrievability of im-
plant-supported crowns is an essential requirement of mod-
ern cement systems in implantoprosthetics, it is clear why the
semipermanent cements were the subject of this study. Semi-
permanent cements and the modality of semipermanent ce-
menting are still insufficiently tested. Since there are a rela-
tively small number of studies dealing with this issue on the
global level, this study contributes significantly to improving
knowledge and understanding in this relatively new field of
fixed prosthetics.

Tehnike cementiranja u dentalnoj implantologiji

terijala s optimalnim karakteristikama (37). S druge strane,
nadogradnje su izradene od titanija, $to rezultira visokom re-
tencijskom vrijednoséu cink-fosfatnoga cementa neposred-
no nakon cementiranja.

Rezultati ove studije pokazuju da semipermanentni ce-
menti Telio CS (56,10 + 18,68 N) i GC Fuji Temp LT (57,70
+ 20,40 N) takoder pokazuju sli¢ne inicijalne retencijske si-
le. Retencijska sila slabi postupno tijekom svih razina me-
hani¢kih cikli¢nih optere¢enja. Usporedujuéi retencijske sile
neoptere¢enih uzoraka i retencijske vrijednosti izmjerene na-
kon 12 mjeseci u funkciji, zabiljezeno je slabljenje retencije
(15,55 +5,52N'i16,55 + 3,88 N). Ona ima i dalje dovoljno
visoku vrijednost da osigura stabilnost krunice u funkciji, ali i
dovoljno nisku da bez traume omogu¢i uklanjanje proteticke
nadoknade s nadogradnje. Zato ti cementi ispunjavaju uvje-
te o mogu¢nosti njihova uklanjanja, sto je bila osnovna ideja
u njihovu tehnoloskom razvoju. Ova studija pokazuje da si-
la decementiranja obaju ispitivanih semipermanentnih ceme-
nata ovisi uglavnom o razini starenja. Ovi su rezultati potvr-
deni u studiji Kappela i suradnika (20).

U studijama koje su proveli Mundt i Alvarez sa suradnici-
ma takoder se istice da semipermanentni nacin cementiranja
osigurava mogu¢nost uklanjanja krunica (38, 39). U retros-
pektivnoj studiji Schwarza i suradnika zabiljezen je visok stu-
panj prezivljavanja za obje tehnike cementiranja — i semiper-
mantnu i permanentnu — na nadogradnju implantata. (106).

Cementi ispitivani u nasoj studiji — Telio CS Implant
(dvostruko polimerizujuéi kompozitni cement) i GC Fuji
Temp LT (staklenoionomerni samovezujuéi cement) izvorno
su proizvedeni za dugotrajno, priviemeno cementiranje kru-
nica na nadogradnjama implantata. Visoko su osjetljivi na
vlagu tijekom procesa polimerizacije. Cinjenica da je ova stu-
dija provedena u laboratorijskim uvjetima u kojima se mogla
osigurati apsolutna kontrola suhe sredine moze znatno utje-
cati na zabiljezenu retencijsku vrijednost. To isti¢e znacenje
osiguravanja adekvatnih i efektivnih protokola cementiranja
u uvjetima usne Supljine gdje je tesko osigurati spomenute
uvjete. Odrzavanje retencijske vrijednosti na razini dovoljnoj
za osiguravanje stabilnosti krunice u funkciji godinu dana na-
kon cementiranja, moze se objasniti specificnom formulaci-
jom staklenoionomernoga cementa.

Konvencionalni staklenoionomerni materijali pokazuju
ckspanziju materijala tijekom pocetnog vezivanja, $to sma-
njuje skupljanje pri polimerizaciji, s nizim stupnjem skuplja-
nja u usporedbi sa staklenoionomerom modificiranim smo-
lom (40) i koeficijent toplinske ekspanzije slican zubu. Ti
¢imbenici mogu osigurati rubno zatvaranje i usporiti otapa-
nje cementa.

Imaju¢i na umu ¢injenicu da je moguénost uklanjanja
krunica postavljenih na implantate veoma vazan zahtjev za
suvremene cementne sustave u implantoprotetici, jasno je
za$to su semipermanentni cementi bili predmet ovog istra-
zivanja. Semipermanentni cementi i nac¢in polutrajnog ce-
mentiranja jo$ uvijek su nedovoljno ispitani. Bududi da je,
na globalnoj razini, razmjerno malo studija koje se bave tom
problematikom, ova studija znatno pridonosi unaprjedenju
znanja i razumijevanja problematike u ovom razmjerno no-
vom podru¢ju fiksne protetike.
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The limitations of this study should be mentioned. To
the best of authors knowledge, there is a lack of studies con-
cerning semipermanent cements. Retention for semiperma-
nent cements was tested only up to 1 year of function where
the last measured level showed clinically acceptable reten-
tion. Therefore, further research should focus on increasing
the quantitative level of artificial ageing to test the ultimate
functional limits of these cements. Since the results were ob-
tained in an 77 vitro study, clinical research is needed to con-
firm these findings.

Thermal cycling is the most widely used testing proce-
dure of arteficial ageing of dental materials. A wide variation
in thermal cycling parameters applied in experimental stud-
ies has been identified and there is an apparent lack of a stan-
dardized protocol evident from comparison across different
studies (23). In the current study, thermal cycling procedures
were performed in accordance to ISO standard ISO/TR
11405:1994(E). An identical, or similar protocol, has been
used in other studies (24,25, 27, 41).

A great variation in the numbers of cycles that equate to
average human daily, weekly and yearly masticatory function
could be registered. Due to heterogeneity of data regarding
loading conditions - number of cycles, force intensity and
testing chamber medium condition, it is difficult to make a
comparation between diferent studies (24,25,34,39). Cyclic
loading tests require more standardized guidelines for testing
and reporting.

As reference conditions for compressive cycling loading,
the current study used the values from the study by Dudley
et al., whose authors based their reference values on a large
study conducted by Graf et al. (24, 25, 42).

In an effort to create conditions as close as possible to
those in the oral cavity, the test was conducted in an artificial
saliva environment. The saliva composition used in this study
was used according to the study of Huang at all. (43).

Since most of the residual cement remained on the in-
ner surface of the copings, due to its roughness, the clean-
ing of the copings was more complicated since it additional-
ly included sandblasting. Furthermore, it showed individual
characteristics due to different cements that were used in this
study. As expected, more residual cement was registered in
the samples cemented with Harvard cement - conventional
cementation compared to the modified technique, while the
residual particles amount of both semipermanent cements af-
ter the cleaning procedure was negligible. In order to ensure
the samples surface were free of residual cement, the samples
were inspected under ten times magnification.

Numerous studies indicate that the value of cement re-
tention increases with increasing surface roughness of the res-
toration or abutment (44-46). Therefore, in further research,
the potential increase in roughness of the bonding surfaces
caused by samples sandblasting cleaning procedure and its in-
fluence on the retention value of the tested cements must be
taken into account.

Cementing Technique in Dental Implantology .

Potrebno je spomenuti i ograni¢enja ove studije. Prema
saznanjima autora, nema dovoljno istrazivanja o polutrajnim
cementima. Retencija za polutrajne cemente ispitana je samo
do prve godine u funkciji pa je posljednja izmjerena razina
pokazala jo$ uvijek klinicki prihvatljivu retenciju.

Zato buduca istrazivanja treba usmijeriti na povecanje
kvantitativne razine umjetnoga starenja kako bi se testira-
la krajnja ogranicenja tih cemenata. S obzirom na to da su
rezultati dobiveni u studijama iz vitro, potrebne su klinicke
studije da bi se oni potvrdili.

Termalno cikliranje najées¢e je koristen postupak umjet-
noga starenja dentalnih materijala. Utvrdene su velike varija-
cije u parametrima termalnoga cikliranja, poslije primjene u
cksperimentalnim studijama, a nedostatak standardiziranoga
protokola evidentan je iz usporedbe razlicitih studija. (23). U
ovoj studiji primijenjena je procedura termalnog cikliranja u
skladu sa standardom ISO ISO/TR 11405:1994 (E). Iden-
tican ili slican protokol koristen je u drugim studijama (24,
25,27, 41).

Zabiljezene su velike varijacije u broju ciklusa koji odgo-
varaju prosjecnoj ljudskoj dnevnoj, tjednoj i godisnjoj zva¢-
noj funkciji. Zbog heterogenosti podataka o uvjetima opte-
re¢enja — broju ciklusa, intenzitetu sile i uvjetima medija u
komori za testiranje — tesko je usporedivati razlicite studi-
je (24, 25, 34, 39). Testovi mehanickih cikli¢nih optereée-
nja zahtijevaju standardizaciju smjernice za testiranje i izvje-
Stavanje.

Kao referentnu vrijednost za uvjete mehanickih ciklickih
optereenja, ova studija koristila se vrijednostima iz istraziva-
nja Dudleyja i suradnika koji su bazirali svoje referentne vri-
jednosti na velikoj studiji Grafa i suradnika (24, 25, 42).

U nastojanju da se stvore uvjeti $to sli¢niji onima iz usne
supljine, test je obavljen u mediju umjetne pljuvacke. Sastav
pljuvacke, upotrijebljene u ovoj studiji, koristen je prema stu-
diji Huanga i suradnika (43).

Kako je najveéi dio rezidualnog cementa preostao na
unutarnjoj povrsini krune, zbog njezine hrapavosti cis¢enje
je bilo kompliciranije i ukljucivalo je pjeskarenje. Dodatno,
¢iscenje je pokazivalo posebna svojstva vezana za razlicite ce-
mente koriStene u studiji. Ocekivano, vise rezidualnog ce-
menta zabiljeZeno je na uzorcima pri¢vri¢enima cementom
Harvard — konvencionalno cementiranje u usporedbi s pri-
lagodenim, a koli¢ina obaju zaostalih semipermanentnih ce-
menata, poslije zavrsenog protokola ¢is¢enja, bila je zanema-
riva. Da bismo bili sigurni da na povrsini uzoraka nisu ostali
djeliéi rezidualnog cementa, uzorci su kontrolirani pod pove-
¢anjem od 10 puta.

U mnogobrojnim studijama dokazano je da vrijednost re-
tencijske sile cementa raste s porastom hrapavosti povrsine
nadoknade ili nadogradnje (44 — 46). Zato bi se u budu¢im
istraZivanjima trebao uzeti u obzir potencijalni porast hra-
pavosti vezivne povi$ine prouzrocen postupkom pjeskiranja
uzoraka tijekom ¢iséenja i njegov utjecaj na retencijsku vri-
jednost testiranih cemenata.
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Conclusions

Within the limitations of the present study we can con-
clude the following: There is a difference in the retention pro-
vided by GC Fuji Temp LT, Telio CS Cem Implant and Har-
vard Cement (standard and modified cementing technique).
Thermal cycling and compressive cyclic loading affects the
physical retention of tested cements at measurement time
points.

The results suggest that the modified cementing tech-
nique for zinc-phosphate cement and original semiperma-
nent cements can be recommended for conditional perma-
nent cementing of implant-supported crowns since it still
allows retrievability. Retrievability is in direct relation with
cement type.

Acknowledgements

The authors acknowledge and thank the Ministry of Sci-
ence and Technology of the Republic of Srpska (Bosnia and
Herzegovina) for supporting this study. The authors also
thank Anita Marie Selec Marie, MSc from Faculty of Philol-
ogy for the assistance with language and her critical revision.

Conflict of interest

The authors declare that they have no conflict of interest.

Funding

The work was supported by Ministry of Science and Tech-
nology of the Republic of Srpska (Bosnia and Herzegovina).

Author’s contribution: V. V. - coordinated the whole research, partici-
pated in testing sample collection, did the statistics and wrote the ar-
ticle; S.M. - design of the study, sample collections, writing article;
2.T. - design of the study, review of the manuscript; N.T. - creating the
samples, reviewed selected scientific literature; 0.D. - analyzed the
data obtained by measurement; T.A. - participated in preparation of
individual samples for analysis; R.A. - participated in preparation of
individual samples for analysis; M.S. - second supervisor, participa-
tion in laboratory testing; A.T. - first supervisor, suggestions, design
of study, review

Sazetak

Tehnike cementiranja u dentalnoj implantologiji

Zakljuc€ak

Uz postojeca ogranicenja studije, mozemo zakljuditi slje-
dece: Postoji razlika u retenciji koju omoguéuje GC Fuji
Temp LT, Telio CS Cem Implant i Harvard Cement (stan-
dardna i prilagodena tehnika cementiranja). Termalni ciklu-
si i mehanicka cikli¢na optere¢enja utjecu na fizicku retenciju
testiranih cemenata na svim ispitivanim vremenskim tocka-
ma. Rezultati pokazuju da se prilagodena tehnika cementira-
nja cink-fosfatnim cementom i izvornim semipermanentnim
cementima moze preporuciti za uvjetno trajno cementiranje
krunica postavljenih na implantate, jer je osigurana mogué-
nost njihova uklanjanja. To je svojstvo u izravnom odnosu s
vistom cementa.
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Cilj: Zeljelo se ispitati kakav je utjecaj umjetnoga starenja na retencijsku silu originalnih (polutrajnih)
semipermanentnih cemenata i moguénost upotrebe konvencionalnih cemenata za polutrajno pricvr-
Scivanje, uz odgovarajucu prilagodbu protokola cementiranja. Materijal i metode: U cetiri skupine
rasporedeno je 40 krunica izradenih od Co-Cr-Mo legure (svaka skupina n = 10) i fiksiranih dvama
polutrajnim cementima (cementi na bazi smola i staklenoionomera) i jednim konvencionalnim (cink-
fosfatni cement), ucvrdcene konvencionalnom i prilagodenom tehnikom cementiranja na titanijevim
nadogradnjama (engl. abutment). Uzorci su bili 24 sata pohranjeni u vlaznim uvjetima na temperaturi
od 37 °C nakon ¢ega su podvrgnuti termocikliranju (500 ciklusa) i mehanickim ciklicnim optereceniji-
ma (simulacija 7 dana, 1, 3, 6, 9 i 12 mjeseci u funkciji). Krunice su uklonjene i zabiljeZzena je retencij-
ska sila. Rezultati: Najvisu inicijalnu retencijsku silu pokazao je cink-fosfatni cement — konvencional-
no cementiranje (198,00 + 61,90 N), a slijede ga u silaznom nizu cink-fosfatni cement — prilagodena
tehnika cementiranja (152,00 + 45,42 N), dugotrajni priviemeni cement — GC Fuji LT (57,70 = 20,40
N) i semipermanentni cement Telio CS (56,10 + 18,68 N). Poslije 12 mjeseci najvi3a retencijska sila iz-
mjerena je za cink-fosfatni cement — konvencionalno cementiranje (88, 90 + 14,45 N), a slijede cink-
fosfatni cement — prilagodena tehnika cementiranja (48,15 + 14,41 N) te semipermanentni cementi
GC Fuji Temp LT (16,55 + 3,88 N) i Telio CS Cem Implant (15,55 * 5,52 N). Zaklju¢ak: Cink-fosfatni ce-
ment — prilagodena tehnika cementiranja i originalni polutrajni cementi (semipermanentni) mogu se
preporuciti za uvjetno trajno cementiranje krunica postavljenih na implantate jer omogucuje optimal-
nu mogucnost uklanjanja krunica postavljenih na implantate.
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