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IMPACTUL FORELOR OCLUZALE
IN CAZUL RESTAURARILOR PROTETICE
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Rezumat

Lipsa tesutului parodontal pentru un
implant dentar poate duce la o concentratie
mare de stres la nivelul osului, atunci cdnd
implanturile sunt incércate protetic. Prezentul
zarii protezelor cu suport pe implant, pentru
a diminua impactul fortelor ocluzale. Stratul
de ciment poate servi ca un absorbant pentru
tensiune, dar rolul acestuia este redus si exis-
td riscul de retinere al excesului de ciment in
tesutul peri-implantar. Utilizarea materialelor
rdsinice pentru faetarea restaurarilor proteti-
ce cu suport pe implant a fost sugeratd de-a
lungul multor ani, dar rolul lor este important
in cazul unei proteze ale arcadei totale fixate
pe implante, cu canelurd distala si mai putin
in restaurdrile pe un singur implant. In zilele
noastre, materiale noi, cum ar fi compozitele
armate cu fibra si polimerii de inaltd perfor-
mantd ca PEEK pot fi utilizate pentru schele-
tul restaurdrilor cu suport pe implant, dar si
pentru realizarea stalpului restaurarilor pro-
tetice cu suport pe implant.

Cuvinte-cheie: materiale rasinice, PEEK,
absorbtia socului.

Introducere.

Restaurdrile protetice cu suport pe implant repre-
zintd astdzi un tip important de protezéd dentara, ce
se afla in continud dezvoltare. Implanturile dentare
sunt, de obicei, fabricate din titan si aliaje ale tita-
nului, deoarece sunt bine- cunoscute fiind materiale
bine tolerate de tesuturile vii si capabile sd promove-
ze osteointegrarea [1]. Formarea tesutului osos pe su-
prafata titanului necesitd formarea filmului de oxid,
depunerea fosfatului de calciu si depunerea proteinei.
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Summary

The lack of a periodontium for a dental
implant may lead to high stress concentra-
tion at the bone level when the implants are
prosthetically loaded. The present paper dis-
cusses the current possibilities of implant
supported prosthesis making in order to
mitigate the impact of occlusal forces. The
cement layer may serve as an absorber for
the strain, but its role is reduced and poses
the risk of excess cement retained in the
peri-implant tissue. The use of resin materi-
als for the implant supported prosthetic res-
torations veneering it has been suggested for
many years, but their role it is important in
the case of full-arch fixed implant-supported
prosthesis with cantilever distal extensions
and less in single implant restorations. Now-
adays, new materials like fiber-reinforced
composites and high-performance polymers
as PEEK may be used for the framework of
the implant supported prosthetic restora-
tions, but also for the implant or the pros-
thetic abutment realization..

Keywords: resin materials, PEEK, shock
absorption.

Introduction.

The implant supported prosthetic restorations rep-
resent nowadays an important and a continuously de-
veloping type of dental prosthesis. The dental implants
are usually made of titanium and its alloys as they are
well known as materials that are well tolerated by liv-
ing tissues and capable of promoting osseointegration
[1]. Bone formation on the titanium surface needs the
formation of oxide film, deposition of calcium phos-
phate, and deposition of the protein. However, osseo-



Cu toate acestea, osteointegrarea nu este legdtura di-
rectd intre os §i suprafata titanului, existind un strat
amorf ce contine osteopontina sau osteocalcina, pe
care osteoblastele le folosesc ca o matrice. Raportul
dintre contactul dintre os si implant se numeste BIC,
iar BIC pentru implanturile de titan este de la 40%
pand la 60% daca se obtine osteointegrarea [2]. Exis-
td, de asemenea, o proportionalitate directd intre ni-
velul pregitirii suprafetei (prelucrare, sablare, grava-
rea acidd) si viteza de vindecare peri-implantara prin
tesutul osos matur [3].

Cu toate acestea, aceasta anchiloza osoasd stabi-
leste una dintre particularitdtile implantului dentar
comparativ cu dintele natural: lipsa parodontiului.
Dintele natural este suspendat de ligamentul paro-
dontal, in timp ce implantul dentar este in contact
direct cu osul. Sub incércare, ligamentul parodontal
elastic oferd o caracteristici de absorbtie a socului
pentru dinti. Pe de alta parte, pentru implante, atunci
cand sunt incércate, apare o concentratie ridicata de
stres la nivelul osului crestal, din cauza lipsei unui li-
gament parodontal [4]. Valoarea medie a mobilitatii
axiale a dintilor este de 25 pand la 100 pm, in timp ce
deplasarea axiala a implanturilor osteointegrate este
de 3 péna la 5 um [5]. Ocluzia asigura o incarcare
intermitentd in timpul functiilor orale si, prin urma-
re, asigurd o stimulare mecanica suficientd a osului
maxilarului. Cu toate acestea, incarcarea excesiva cu
stres/ presiune ridicatd de la utilizarea implanturilor
necorespunzéitoare poate duce la resorbtia osoasa [6],
la o restaurare protetica incorecta in laborator si la o
balansare ocluzala defecta [7].

De-a lungul anilor, au fost ficute mai multe in-
cercdri pentru a atenua impactul fortelor ocluzale
asupra suportului implantului, pentru a le absorbi si
pentru a le dispersa. Existenta unui strat de ciment
intre restaurare protetica si bontul implantului s-a
dovedit a avea un astfel de rol [8]. In special in tara
noastra, restaurarile protetice cu suport pe implant
frecvent sunt realizate din aliaje de Cr-Co, acoperite
cu ceramica. Ambele materiale au avut o rigiditate
sporita si chiar un schelet mai rigid poate permite o
distributie mai buna a stresului [9], acoperirile lor
ceramice au ficut ca fortele ocluzale si fie transmise
direct in osul alveolar. Cdutand o absorbtie sporitd
a socurilor fortelor de impact asupra protezei, s-a
sugerat utilizarea rasinii acrilice ca material de aco-
perire ideal. Chiar si din 1988, autori ca Davis DM
[10] propun folosirea materialelor risinice pentru
acoperirea protezelor cu suport pe implant, pentru
a diminua impactul fortelor ocluzale. Pe de alta par-
te, rasinile acrilice au prezentat o uzurd mai mare
atunci cand functioneazd ca antagonist al smalfu-
lui sau al ceramicii. Din acest motiv, unii autori nu
recomanda folosirea résinii acrilice ca material de
acoperire [11].

Studiile au demonstrat cé valorile stresului in os
depind atat de materialul scheletuui, cat si de mate-
rialul de fatetare [12,13]. Astdzi, se dezvoltd noi con-
cepte pentru a rezolva problema dispersrii fortelor

integration is not the direct bonding between bone and
the titanium surface, there exists an amorphous layer
including osteopontin or osteocalcin that osteoblasts
use them as a scaffold. The ratio of bone and implant
contacts is called as BIC, and BIC for the titanium im-
plants is from 40% to 60% if the osseointegration was
obtained [2]. There is also a direct proportionality be-
tween the level of the surface preparation (machining,
sandblasting, acid etching) and the surrounding heal-
ing speed through mature bone tissue [3].

However, this bone ankylosis establish one of the
particularities of the dental implant compared to the
natural tooth: the lack of a periodontium. The natu-
ral tooth is suspended by the periodontal ligament
whereas the dental implant is in direct contact with
the bone. Under loading, the resilient periodontal
ligament provides a shock-absorbing feature for the
teeth. On the other hand, for implants, a high stress
concentration occurs at the crestal bone when load-
ed, due to the lack of a periodontal ligament [4]. The
mean value for axial mobility of the teeth is 25 to 100
|im, whereas the axial displacement of osseointegrat-
ed implants is 3 to 5 |im [5]. Occlusion provides in-
termittent loading during oral functions and, there-
fore, ensures sufficient mechanical stimulation to
the jaw bone. However, excessive loading with high
stress/ strain from the use of inappropriate implants
can lead to bone resorption [6], as well an incorrect
prosthetic restoration in the laboratory and a defec-
tive occlusal balancing [7].

All rights reserved. No part of contents of this pa-
per may be reproduced or transmitted in any form
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Several attempts were made over the years in order
to mitigate the impact of occlusal forces to the implant
support, absorb and dissipate them. The existence of
a cement layer between the prosthetic restoration and
the implant abutment proved to have such a role [8].

Especially in our country, frequently the implant
supported prosthetic restorations are made of Cr-Co
alloys veneered with ceramics. Both materials had an
increased rigidity and even a stiffer framework may
allow a better stress distribution [9], their ceramics ve-
neering made that the occlusal forces will be transmit-
ted directly to the alveolar bone. Seeking greater shock
absorption of impact forces on the prosthesis, the use
of acrylic resin as the ideal coverage material has been
suggested. Even from 1988 authors like Davis DM
[10] propose the use of resin materials for the implant
supported prosthetic restorations veneering in order
to mitigate the impact of occlusal forces. On the other
hand, acrylic resins have presented higher wear when
functioning as antagonist of enamel or ceramic mate-
rial. For this reason, some authors do not recommend
the use of acrylic resin as a veneering material [11].

Studies demonstrated that stress values in the
bone depend on both the framework and veneer ma-
terials [12,13] . Today, new concepts are developing
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ocluzale. Utilizarea materialelor polimerice com-
plexe cum ar fi PEEK este sugerata din ce in ce mai
frecvent, de obicei, pentru realizarea substructurii
restaurdrii protetice in locul aliajelor, dar si pentru
realizarea protezelor sau chiar realizarea implantului
[14, 15]. Scopul acestei lucrari este de a revedea posi-
bilitédtile actuale de obtinere a protezelor cu suport pe
implant pentru a diminua impactul fortelor ocluzale,
a le discuta in lumina actualelor cunostinte stiintifice
si a anticipa tendintele viitoare in aceastd problema
extrem de actuald pentru protetica dentara.

Restaurarea protetica cu suport pe implant
cimentata

Aplicarea unui strat de ciment poate compensa
erorile. In timpul procedurii de laborator, prin apli-
carea separatorului se formeaza spatiul de cement.
Stratul de ciment obfinut serveste ca un absorbant
pentru presiune [16] si ajutd la transferarea echitabild
a incarcdrii in sistemul de restaurare dintre os si im-
plant[17]. Chiar si pentru o restaurare protetica obis-
nuita fxatd cu surub, posibilitatea unei fixari pasive,
precum si a unei distributii bune a tensiunii poate fi
maximizatd prin cimentarea intraorald a scheletului
turnat la stalpii frezati, astfel potentialele deformari
ale scheletului in timpul fabricérii sunt compensate
intr-o mare masura [ 18]. Alte tehnici utilizeaza stal-
pi de implant din titan, prevazuti cu cilindri externi
care pot fi turnati. Dupa turnare, scheletul este ajus-
tat si cimentat la cilindrii de titan pe scheletul prin-
cipal [19].

Cu toate acestea, cimentarea restaurdrilor cu su-
port pe implant prezintd intotdeauna riscul de reti-
nere in sulcusul peri-implantar a cimentului, in ciuda
controlului clinic atent (fig.1). In plus, excesul de ci-
ment dentar a fost asociat cu semne de boala peri-
implantara in majoritatea cazurilor [20].

Cimentul excesiv poate
deveni baza colonizarii mi-
croorganismelor din cavi-
tatea bucald. Ca rezultat al
formdrii biofilmelor se poate
dezvolta peri-mucozita sau
peri-implantita [21]. In ma-
joritatea cazurilor, leziunea
inflamatorie a peri-implan-
titei reprezintda imbinarea
dintre inflamatia subacuta si
cronicd dominata de celulele
plasmatice. Intr-un studiu de
microscopie cu scanare elec-
tronicd din 2015, corpurile
strdine radiopatice au fost
identificate in 34 din cele 36

de biopsii. Corpurile straine Fig. 1. Aspect clinic al indepdrtarii chirurgicale a unei particule
excesive de ciment care a provocat peri-implantita.
(Dr. Obadan Florian)
Fig. 1. Clinical aspect of a surgical remove of an excess cement
particle which caused a peri- implant inflammation.
(Dr. Obadan Florian)

predominante gasite erau ti-
tan si ciment dentar. Aceste
materiale strdine au fost in-
conjurate de celule inflama-
torii [22].

to resolve the problem of occlusal forces dissipation.
The use of complex polymeric materials like PEEK is
more and more frequently suggested usually for the
realization of the prosthetic restoration substructure
instead of the alloys, but also for the prosthetic abut-
ment or even implant realization [14, 15].

The aim of this paper is to review the current pos-
sibilities of implant supported prosthesis making in
order to mitigate the impact of occlusal forces, dis-
cuss them in the light of the actual scientific knowl-
edge and foresee the future tendencies in this highly
current issue for the dental prosthetics.

The Cemented Implant Supported Prosthe-
tic Restorations

Intervention of a cement layer can compensate
for errors. The cement space is formed during the
laboratory procedure by applying die-spacer. The
resulting cement layer serves as an absorber for the
strain [16] and helps the equitable transfer of load
throughout the bone-implant restorative system
[17]. Even for a conventional screw-retained pros-
thetic restoration the possibility of a passive fit as
well as a good stress distribution may be maximized
by intraoral luting of the cast frame to milled abut-
ments, and the potential framework distortion dur-
ing fabrication is compensated to a major extent
[18]. Other techniques use titanium implant abut-
ments provided with corresponding external cast-
able cylinders. After casting, the framework is ad-
justed and cemented to the titanium cylinders on the
master cast [19].

However, the cementation of implant-supported
restorations always poses the risk of excess cement
retained in the peri-implant sulcus despite careful
clinical control (fig.1). Moreover, excess dental ce-
ment was associated with signs of peri-implant dis-
ease in the majority of the
cases [20].

Excess cement can be-
come the basis of coloniza-
tion by oral microorganisms.
As a result of the biofilm
formation peri-mucositis or
peri-implantitis may develop
[21]. The inflammatory le-
sion of peri-implantitis is
in most cases a mixture of
subacute and chronic in-
flammation dominated by
plasma cells. In a 2015 scan-
ning electron microscopy
study, the radiopaque for-
eign bodies were identified
in 34 of the 36 biopsies. The
predominant foreign bod-
ies found were titanium and
dental cement. These foreign
materials were surrounded
by inflammatory cells [22].



Materiale rainice pentru Acoperirea Restau-
rarilor Protetice cu Suport pe Implant

Prin urmare, s-a speculat cd coroanele de porte-
lan, avand un modul de elasticitate ridicat (70 GPa),
ar concentra incdrcarea pe care o transfera catre os;
in timp ce coroanele acrilice, cu un modul de elasti-
citate mai scazut (2,26 GPa), ar fi in masura sa distri-
buie mai bine sarcina pe os [23]. Conserva E. si colab.
a utilizat un robot masticator capabil sa reproduci
miscdrile mandibulare si fortele exercitate in timpul
masticdrii pentru a analiza fortele transmise la osul
perimplantar simulat in timpul masticarii robotului,
folosind patru materiale ocluzale diferite: trei com-
pozite rasinice si o coroana din ceramica din sticla.
Ei au descoperit urmatoarele: Coroanele ceramice
au transmis forfe semnificativ mai mari, pana la +
63,06%, decat coroanele din compozit testate [24].
Menini M. si colab. De asemenea au folosit un robot
masticator, iar fortele transmise pe osul peri-implan-
tar simulat au fost inregistrate folosind noud mate-
riale de restaurare diferite pentru coroana simulata:
zirconiu, doua din ceramica de sticld, un aliaj de aur,
trei ragini compozite si doud rasini acrilice. Coroane-
le din compozite i mai presus de atat, cele din rasini
acrilice, s-au dovedit a fi mai capabile si absoarbd
socul fortelor ocluzale decét coroanele din zirconiu,
ceramica sau aliaj de aur [25]. Tiossi R. si colab. au
avut descoperiri similare care aratid cd acoperirea
cu materiale mai moi de rdsind ajuta la raspandirea
sarcinii mai uniform in randul dintilor/ implantelo,
reducand astfel tensiunea din blocul osos simulat.
Dimpotrivd, folosirea acoperirii cu portelan a dus la
concentrarea in unul sau doud dinti/implante a in-
carcarii, ducind astfel la valori mai mari ale tensiunii
in blocul osos. In toate grupurile analizate in acest
studiu, valorile mai mari ale tensiunii au fost localiza-
te in zona cervicala a implantului, sub creasta osoasa.
De asemenea, diferenta dintre tensiunile de tractiune
dezvoltate in regiunea de sub varful implantului din-
tre diferitele grupuri a fost mica [26].

Experienta noastra sustine ideea ca materialele
acrilice prin modulul lor redus de elasticitate ofera
conditiile unei distributii mai bune a fortelor oclu-
zale. Imaginile din figura 2 reprezintd cazul unui pa-
cient care a purtat restaurarea provizorie acrilicd cu
suport pe implant pentru arcul inferior pentru mai
mult de 5 ani. In ciuda abraziunii materialului acrilic
si a igienei slabe a pacientului, aspectul clinic al tesu-
turilor mandibulare a fost bun, fira semne de infla-
matie, iar imaginile radiologice aratd lipsa resorbfiei
osoase pentru arcul inferior.

Pe de altd parte, unele studii nu au demonstrat o
diferentd semnificativd pentru modelele cu diferite
materiale ocluzale (de exemplu, portelan si risind)
[27]. Chiar si din 1989, Ismail si colab. au analizat
influenta materialului ocluzal (portelan, aliaje ale
metalelor presioase si nepresioase, rasini acrilice sau
compozite) asupra presiunii in os si implant si au
raportat rezultate similare pentru toate materialele
investigate [28]. Observatiile lor au fost sustinute de

Resin Materials for the Implant Supported
Prosthetic Restorations Veneering

It has therefore been speculated that porcelain
crowns, by having a high modulus of elasticity (70
GPa), would concentrate the load that they transfer
to the bone; while acrylic crowns, with alower mod-
ulus of elasticity (2.26 GPa), would be able to better
distribute the load to the bone [23]. Conserva E. et
al. used a masticatory robot capable of reproducing
the mandibular movements and the forces exerted
during chewing to analyze the forces transmitted to
the simulated peri-implant bone during the robot
mastication using four different occlusal materi-
als: three resin composites and one glass ceramic
crown. They found that the ceramic crowns trans-
mitted significantly greater forces ,up to +63.06%,
than the composite crowns tested [24]. Menini M.
et al. also used a masticatory robot and the forces
transmitted onto the simulated peri-implant bone
were recorded using nine different restorative ma-
terials for the simulated single crown: zirconia, two
glass- ceramics, a gold alloy, three composite res-
ins, and two acrylic resins. Composite and above all
acrylic resin crowns were more able to absorb shock
from occlusal forces than crowns made of zirconia,
ceramic material, or gold alloy [25]. Tiossi R. et al.
had similar findings showing that softer resin ve-
neer help to spread the load more evenly amongst
the supporting teeth/implants, thus reducing the
strains in the simulated bone block. Conversely,
using the harder porcelain veneer resulted in the
load being concentrated within one or two teeth/
implants, thus leading to higher strain values in
the bone block. In all the groups analyzed in this
study, the higher strain values were located within
the implant collar, below the bony crest. Also, the
difference in the tensile strains developed in the re-
gion below the implant apex between the different
groups was small [26].

Our experience sustain the idea that acrylic ma-
terials by their low modulus of elasticity offer the
conditions of a better distribution of the occlusal
forces. The pictures from fig.2 come from a patient
which was bearing his acrylic provisional implant-
supported restoration for the lower arch for more
than 5 years. Despite the abrasion of the acrylic ma-
terial and the poor hygiene of the patient, the clini-
cal aspect of the mandibular tissues was good with
no signs of inflammation and the radiological im-
ages show the lack of the bone resorbtion for lower
arch.

On the other hand, some studies demonstrated
no significant difference for models with different
occlusal materials (e.g., porcelain and resin) [27].
Even from 1989, Ismail et al analyzed the influence
of the occlusal material (porcelain, precious and
non-precious alloy, acrylic or composite resin) on
the stress in bone and implant, and they reported
similar results for all the investigated materials [28].
Their observations were sustained by other studies
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Fig. 2 Restaurare provizorie acrilicd inferioard completd dupa o perioada de 5 ani (de la stanga la dreapta) 2a. Aspect clinic al situatiei cavitatii

orale cu restaurare provizorie acrilica cu suport pe implant. Observati igiena slaba a pacientului, abraziunea materialului acrilic din restabilirea

arcului inferior, dar si lipsa inflamatiei tesuturilor moi orale. 2b. Aspectul supraftei mucoasale a restaurdrii. 2¢. Imaginea radiologicd obtinutd in

2009 imediat dupa inserarea implanturilor mandibulare. 2d. Imaginea radiologica obtinutd in 2014 la 5 ani de la restabilirea cu lucrarea acrilica
a arcului inferior. Observati mentinerea nivelului osului mandibular. (Dr. Obadan Florian, DT Bacila Vasile)

Fig. 2 Full lower arch acrylic provisional restoration after a 5 years bearing (from left to right) 2a.Clinical aspect of the oral cavity situation
with acrylic provisional implant-supported restorations. Notice the poor hygiene of the patient, the abrasion of the acrylic material from the
lower arch restoration, but also the lack of the inflammation of the oral soft tissues. 2b. Aspect of the mucosal face of the restoration. 2¢. The

radiological image obtained in 2009 immediately after the mandibular implants insertion. 2d. The radiological image obtained in 2014 after 5
years of the lower arch acrylic restoration bearing. Notice the mandibular bone level maintaining. (Dr. Obadan Florian, DTBacila Vasile)

alte studii care au sustinut ca in modelele de proteze
unice pe implant [29], dar si ale protezelor complete
arcate [30], materialul ocluzal nu a influentat stre-
sul osos, dar in cazul modelului protezei complete
arcate cu suport pe implant, a influentat stresul de
retinere al suruburilor. Chiar si unele studii care uti-
lizeazd metodologia tensometrului au evaluat diferite
materiale ocluzale si nu au gasit nici o diferenta in
ceea ce priveste repartizarea stresului intre coroane
de rasina si portelan. Astfel, Stegaroiu R. si colab. a
aratat ca pentru un singur implant, sub incércare di-
namica staticd si non-impact, cele 3 materiale super-
structurale testate (rasina compozitd cu umplutura
inalta, rasina acrilica si aliaj de aur) au avut aceeasi
influenta asupra tensiunii transmise unui model osos
care inconjura un singur implant [ 31]. Mai mult ca
atat, intr-un alt studiu, Stegaroiu R. si colab. Au sus-
tinut ca, pe langa faptul ca rolul protector al rasinii
pentru interfata implant-os nu a putut fi demonstrat
in conditiile acestei analize, avand in vedere predo-
minanta intraorald a incércaturilor axiale, utilizarea
rasinii acrilice sau compozite in locul portelanului
sau aurului poate creste stresul in implant si in stalp,
in absenta unui schelet metalic [32].

which claimed that in models of single implant-sup-
ported prostheses [29], but also of implant supported
complete arch prostheses [30] occlusal material did
not influence bone stress, but in the model of the
implant-supported complete arch prosthesis, it did
influence retaining screw stress. Even some studies
using strain gauge methodology evaluated different
occlusal materials and found no difference for stress
distribution between resin and porcelain crowns.
Thus, Stegaroiu R. et al. showed that for one single
implant, under static and nonimpact dynamic load-
ing, the 3 superstructure materials tested (highly
filled composite resin, acrylic resin, and gold alloy)
had the same influence on the strain transmitted to
a bone model that surrounded a single implant [31].
Moreover, in another study, Stegaroiu R. et al. sus-
tained that beside the fact that the protective role
of resin for the implant-bone interface could not be
demonstrated under the conditions of this analy-
sis, considering the intraoral predominance of axial
loads, the use of acrylic or composite resin instead of
porcelain or gold may increase stress in the implant
and the abutment, in the absence of a metal frame-
work [32].



Cu toate acestea, marea majoritate a acestor stu-
dii se referd la restaurdrile cu un singur implant si in
2005 Juodzbalys si colab. a ardtat ¢ pand si un ma-
terial compozit cum ar fi GC GRADIA, reduce forta
de impact sub sarcind dinamicé de pani la 6,5%. Pen-
tru o singura suprastructurd pe implant, materialele
de acoperire, portelan si GRADIA, au avut influente
minore asupra deplasarilor si stresului din osul sus-
tinut de implant, o variatie de 1%. Unul din factorii
care a dus la o contributie atat de micd la ameliorarea
stresului a fost volumul relativ mic al fatetelor in com-
paratie cu volumul si rigiditatea mult mai mare ale su-
prastructurilor si implanturilor [33]. Din contra, un
tratament obisnuit pentru o arcada edentuloasa este o
proteza fixa cu suport pe implant pe toatd arcada, cu
extensii distale. Cu toate acestea, acest tip de proteza
poate promova un nivel ridicat de stres care poate fi
daunitor implantului §i osului din jur ca rezultat al
bratelor nefavorabile [34]. In aceste cazuri particula-
re este de importantd deosebitd utilizarea structurilor
protetice acoperite cu rasgind care transfera tensiunile
mai mici la osul de sustinere in comparatie cu struc-
turile acoperite cu portelan, asa cum am detaliat mai
sus. Mai mult decét atat, tipul de tesut osos influentea-
za distributia stresului in protezele fixe cu suport pe
implant al arcadei in intregime: cele mai compacte (ti-
purile 1 si 2) sunt cele mai potrivite pentru sprijinirea
protezelor fixe cu suport pe implant, in timp ce o cali-
tate scdzutd a compactitafii osoase poate creste riscul
de esec biologic si mecanic [35]. In aceste situafii, ma-
terialele protetice mai moi reduc tensiunile generate
pe osul maxilarului (cortical si spongios), absorbind
mai multd energie din sarcina aplicatd si transfera mai
putind energie citre urmatoarele pérti ale sistemului
(implanturi, bonturi si os). Prin urmare, materialele
protetice moi ar putea fi recomandate pacientilor cu
oase slabe sau cu un procent mai mic de calciu decat
valorile normale [36].

Cu toate acestea, pentru a decide ce material este
necesar de a fi utilizat, trebuie avut in vedere faptul ca
rezistenta scazutd la abraziune si fracturd reprezintd
unele din dezavantajele utilizarii structurilor proteti-
ce acoperite cu rasind [37].

Materiale pentru Schletul Restaurarior cu
Suport pe Implant

Aliajele Co-Cr sunt utilizate in mod special in
tara noastrd pentru fabricarea scheletelor metalice ale
restaurarilor protetice cu suport pe implant. Interesul
sporit la nivel mondial in utilizarea aliajelor Co-Cr
pentru aplicarea protezei cu suport pe implant se da-
toreazd costului scizut si de proprietatile fizico-meca-
nice bune [38]. Cu toate acestea, rigiditatea crescutd a
acestor aliaje are dezavantajul unei transmisii directe a
fortelor ocluzale catre osul alveolar. Sunt necesare, de
asemenea, proprietati mari de indoire pentru proteza
fixd cu suport pe implant pentru a rezista susceptibi-
litatii la esecuri cauzate de supraincircarea ocluzala.

Compozitele armate cu fibre (FRC) pentru pro-
tezele fixe cu suport pe implant au fost sugerate, prin

However, the vast majority of these studies reef-
er to single implant restorations and in 2005 Juodz-
balys et al. showed that even a veneering composite
material such as GC GRADIA reduces impact force
under dynamic load up to a 6.5% , for a single im-
plant superstructure the veneering materials, por-
celain and GRADIA, played minor influences to
the displacements and stresses in the implant sup-
ported bone with a 1% variance. One of the reasons
for this element resulting in so minor a contribution
to stress relief was the relatively small volume of the
veneers as compared with the far greater volume
and stiffness of the superstructures and implants
[33]. Contrary, a common treatment for an eden-
tulous arch is a full-arch fixed implant-supported
prosthesis with cantilever distal extensions. Howev-
er, this type of prosthesis can promote a high level
of stress that can be harmful to the implant and the
surrounding bone as a result of the unfavorable le-
ver arms [34]. In these particular cases it is of high
importance the use of resin-veneered prosthetic
structures which transfer lower strains to the sup-
porting bone when compared to porcelain-veneered
structures, as we detailed above. Moreover, the bone
tissue type influences the stress distribution in full-
arch implant- supported fixed prostheses: the more
compact bones (types 1 and 2) are the most suitable
for supporting full-arch implant-supported fixed
prostheses while poor bone quality may increase
the risk of biological and mechanical failure [35].
In this situations, softer prosthetic materials reduce
the stresses generated on the jaw bone (cortical and
spongy), that it absorbs more energy from the ap-
plied load, and transfers less energy to the follow-
ing parts of the system (implants, abutments and
bones). Therefore, soft prosthetic materials could
be recommended for patients with weak bones or
having lower calcium percentage than normal rang-
es [36].

Yet, in deciding which material to use, one must
bear in mind that the low resistance to abrasion and
fracture are some of the disadvantages when using
resin-veneered prosthetic structures [37].

Framework Materials for the
Supported Prosthetic Restorations

Co-Cr alloys are commonly used especially in
our country for the fabrication of metallic frame-
works of the implant supported prosthetic restora-
tions. The increased worldwide interest in utilizing
Co-Cr alloys for implant prosthetics applications is
related to their low cost and good physico-mechani-
cal properties [38]. However, the increased rigidity of
these alloys has the disadvantage of a direct transmis-
sion of the occlusal forces to the alveolar bone. High
flexural properties are also needed for fixed implant
prosthesis to resist susceptibility to failures caused by
occlusal overload.

Fiber-reinforced composites (FRC) for im-
plant-supported fixed prostheses were thus suggest-
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urmare, datoritd esteticii lor superioare, durabilitatii
chimice, biocompatibilitétii si avantajelor biomeca-
nice. Protezele FRC au un schelet compus din fasci-
cule de fibre preimpregnate cu o matrice de rasind si
un compozit pentru fatetare, care acoperd scheletul
FRC [39]. Un studiu din 2011 a constatat ca niveluri-
le de stres din osul din jurul implanturilor au fost mai
scazute in modelele care au folosit compozitul FRC
si compozitul sub forma de particule, comparativ cu
cele cu bont metalic, acoperit cu portelan [40]. Behr
si colab. a evaluat rezistenta la fractura a restaurdri-
lor protetice FRC din sticld pe implanturile dentare
si a constatat cd a fost de aproape 3 ori mai mare de-
cat forta maxima masticatorie masuratd la pacientii
tineri cu danturd naturald (400 N) [41]. In ceea ce
priveste tipurile de fibre folosite, un studiu din 2015
a ardtat pentru un schelet din compozit, comparativ
cu un control fira fibre, ca fibrele de sticl si carbon
au contribuit la cresterea semnificativd rezistentei
la indoire. Dimpotriva, fibra polietilenica a redus
rezistenta la indoire. Printre fibre, fibra de carbon
prezintd o rezistenta la indoire mai mare decét fibra
de sticla. Au fost observate tendinte similare pentru
modulul de flexiune si energia de rupere. Cu toate
acestea, nu a existat o diferentd semnificativa in ceea
ce priveste energia de rupere intre fibrele de carbon si
fibrele de sticla [42]. Prin urmare, protezele FRC pot
fi o bund alternativd in comparatie cu protezele me-
talice conventionale implantate, suportate pe viitor,
datorita avantajelor lor biomecanice [43].

PEEK (polieter-eter-eter-cetona) este un material
termoplastic de inalta performanta, semi-cristalin, ne-
omogen, care oferd una dintre cele mai inalte raporturi
rezistentd-greutate disponibile intr-un compozit. Are
proprietiti mecanice si fizice ridicate si, de asemenea,
un grad ridicat de stabilitate termicd si dimensionala.
Mai mult, PEEK are o rezisten{d puternica la abraziu-
ne, este rezistent chimic si este practic inflamabil. Este
de remarcat faptul cd PEEK are un modul de elastici-
tate similar cu cel al osului [44]. Prin urmare, este de
asteptat ca PEEK sid absoarbd o parte din fortele ge-
nerate in timpul masticarii si sa limiteze dispersarea
lor la zona cervicald a osului perimplantului. Aceasta
caracteristicd, la rindul séu, este susceptibila de a evita
pierderea marginald a osoasa peri-implantard cauza-
ta de suprasolicitarea ocluzala si de eventualul egec al
protezelor cu suport pe implant [45].

Intr-un mod interesant, compozitele PEEK si
PEEK sunt unele dintre putinii polimeri utilizati ca
inlocuitori de metale in mai multe industrii [46]. Po-
limerul termoplastic de inalta performanti PEEK este
utilizat ca material alternativ de implantare a metalelor
din 1998 in multe domenii medicale datorita proprie-
tatilor sale mecanice asemanatoare cu cele ale tesutu-
lui osos. Chirurgii ortopezi au folosit calitatea medica-
la a PEEK (numita ,,PEEKOPTIMA®) in loc de metal
in peste 4 milioane de proteze spinale de sarcina [47].

Rezistenta ridicatd, combinatd cu usurinta flexibi-
14 a materialului, inseamna cé proprietatile (4GPa Yo-
ungs modulus) sunt mai apropiate de cele ale osului

ed due to their superior esthetics, chemical durabil-
ity, biocompatibility, and biomechanical advantages.
FRC prostheses have a framework composed of fiber
bundles pre-impregnated with a resin matrix and a
veneered composite that covers the FRC framework
[39]. A 2011 study found that the stress levels in the
bone around the implants were lower in the mod-
els that used the FRC and particulate composite
compared with those with a metal framework and
porcelain veneer [40]. Behr et al. evaluated the frac-
ture strength of glass FRC prosthetic restorations on
dental implants and found that it was almost 3-times
higher than the maximum chewing force measured
in young patients with natural dentition (400 N)
[41]. Regarding the fiber types used, a 2015 study
showed for a composite framework compared to a
control without any fiber that glass and carbon fi-
bers significantly increased the flexural strength.
On the contrary, the polyethylene fiber decreased
the flexural strength. Among the fibers, carbon fiber
exhibited higher flexural strength than glass fiber.
Similar trends were observed for flexural modulus
and fracture energy. However, there was no signifi-
cant difference in fracture energy between carbon
and glass fibers [42]. Therefore FRC prostheses may
be a good alternative compared with conventional
metal framework implant-supported prosthesis in
the future due to their biomechanical advantages
[43].

PEEK (poly-ether-ether-ketone) is a high per-
formance semi-crystalline, non-homogeneous ther-
moplastic material that offers one of the highest
strength-to-weight ratios available in a composite. It
has high mechanical and physical properties and also
a high degree of thermal and dimensional stability.
Moreover, PEEK has strong abrasion resistance, is
chemically resistant and is practically inflammable. It
is noteworthy to mention that PEEK has an elasticity
modulus similar to that of the bone [44]. Therefore,
PEEK can be expected to absorb part of the forces
generated during mastication and to limit their dis-
sipation to the cervical area of the peri-implant bone.
This characteristic, in turn, is likely to avoid peri-im-
plant marginal bone loss caused by occlusal overload
and eventual failure of implant-supported prostheses
[45].

Interestingly, PEEK and PEEK composites are
one of the few polymers used as metal replacements
in several industries [46]. The high-performance
thermoplastic polymer PEEK is used as alterna-
tive implant material to metals since 1998 in many
medical fields due to its bone-like mechanical prop-
erties. Orthopedic surgeons have used the medical
grade of PEEK (called “PEEK- OPTIMA”) instead
of metal in over 4 million load bearing spinal pros-
theses [47].

The high strength combined with the very slight
flex of the material means that its (4GPa Youngs
modulus) properties are more in line with bone (7-
30GPa) than that of titanium (105GPa). These iso-



(7-30GPa) decit cel al titanului (105GPa). Aceste ca-
racteristici izo-elastice ale PEEK duc la presupunerea
ca ar putea reprezenta o alternativa viabila la materia-
lele conventionale si in domeniul stomatologiei. Prin
urmare, proprietatile mecanice ale diferitilor compusi
PEEK trebuie evaluati prin teste in trei puncte de in-
doire. Intr-un studiu din anul 2015, Schwitalla AD si
colab. a ardtat ca exemplarele PEEK au avut valori mai
mari decat rezistenfa minima predominantd pentru
materialele plastice si aplicarea lor in stomatologie
de 65MPa (DIN EN ISO 10477) [48]. PEEK ar putea
fi, de asemenea, un material potrivit pentru proteze
dentare fixe, de asemenea, in zonele portante [49], cu
o capacitate medie de incdrcare raportata de 1,383 N
pentru o protezd dentara fixa cu 3 unititi PEEK. O
deformare vizibild a protezei dentare fixe a fost obser-
vatd la sfarsitul procesului de incércare la aproximativ
1200 N si a depdsit, prin urmare, formele de masticare
raportate anterior, de pana la 600 N, care au fost inre-
gistrate in regiunea posterioara [50].

BioHPP? (Polimerul de inaltd performantd) este o
versiune PEEK care a fost special optimizata de Bre-
dent (Senden, Germania) pentru domeniul dentar.
BioHPP, aprobat ca dispozitiv medical de clasa II, are
PEEK ca material de bazd si confine aproximativ 20%
umpluturd ceramica. Prin addugarea de umpluturi
ceramice speciale, BioHPP® are proprietiti fiziologi-
ce si mecanice optime pentru utilizarea in protetica
dentara. Cu un modul de elasticitate de aproximativ
4 GPa, in timp ce ceramica si aliajele metalice non-
pretioase sunt de aproximativ 20 de ori mai rigide
decit osul, iar aurul si titanul sunt de 10 ori mai rigi-
de decét osul, BioHPP este la fel de elastic ca si osul
[51] fapt care ajuta la atenuarea oricdrui stres care
s-ar putea dezvolta, reducand ,protectia impotriva
stresului®, un efect binevenit in special pentru struc-
turile scheletate ce cuprind o suprafata intinsd. Acest
lucru inseamnd, de asemenea, ci torsiunea legatd de
os poate fi echilibratd intr-o oarecare misura, ceea
ce este important in cazul restabilirilor cu un numar
mai mare de implantui dentare [52]. Acest material
modificat PEEK este un material biocompatibil, no-

elastic characteristics of PEEK lead to the assump-
tion, that it could represent a viable alternative to
conventional materials also in the field of dentistry.
Therefore the mechanical properties of different
PEEK-compounds should be evaluated by three-
point bending tests. In a 2015 study, Schwitalla AD
et al. showed that PEEK specimens had higher val-
ues than the prevailing minimum strength for plastic
materials and their application in dentistry of 65MPa
(DIN EN ISO 10477) [48]. PEEK might also be a
suitable material for fixed dental prostheses also in
load-bearing areas [49], with a reported mean load-
bearing capacity of 1,383 N for a 3-unit PEEK fixed
dental prosthesis. A visible deformation of the fixed
dental prosthesis was observed at the end of the load-
ing process at approximately 1,200 N and exceeded,
therefore, previous reported mastication forces of up
to 600 N what have been recorded in the posterior
region [50].

BioHPP® (High Performance Polymer) is a
PEEK variant that has been specially optimised by
the Bredent (Selden, Germany) for the dental field.
BioHPP, approved as a Class II medical device, has
PEEK as base material and it contains about 20%
ceramic filler. By adding special ceramic fillers,
BioHPP* has optimum physiological and mechani-
cal properties for use in dental prosthetics. With
a modulus of elasticity of around 4 GPa, while ce-
ramics and non-precious metal alloys are approxi-
mately 20 x as rigid as bone, and gold and titanium
are 10 x as rigid as bone, BioHPP is about as elastic
as bone [51], which helps mitigate any stress that
might develop and reduces ‘stress shielding} a wel-
come effect for wide-span framework structures in
particular. This also means bone-related torsion can
also be balanced out to some extent, which is im-
portant with larger implant work [52]. This modi-
fied PEEK material is a biocompatible, nonallergic,
rigid material, with flexibility comparable to bone,
high polishing and low absorption properties, low
plaque affinity, and good wear resistance. BioHPP
frameworks can be constructed either via CAD/

Fig. 3 Restaurarea cu suport pe implant a maxilarului (de la stdnga la dreapta) 3a carcasul BioHPP si fateta prefabricata cu straturi multiplu
(noile fatete novo.lign, Bredent, Senden, Germania). 3b Restaurarea finald acoperita cu material de rasina compozit (crea.lign, Bredent, Senden,
Germania). (Dr. Obadan Florian, DT Bacild Vasile)

Fig. 3 Maxillary implant-supported prosthetic restoration (from left to right.) 3a The BioHPP framework and the prefabricated multi layer
veneers (novo. lign veneers, Bredent, Selden, Germany). 3b The final restoration covered with the composite resin material ( crea.lign, Bredent,
Selden, Germany). (Dr. Obadan Florian, DTBacila Vasile)
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nalergic, rigid, cu o flexibilitate comparabila cu cea
a osului, cu posibilititi de finisare mari si scizute de
absorbtie, afinitate scizuta la placa dentard si rezis-
tentd la uzura buna. Carcasele bioHPP pot fi fabri-
cate fie prin fabricarea CAD / CAM, fie prin tehnica
conventionala de ceara pierduta [53].

Experienta noastrd cu BioHPP ne conduce la re-
zultate protetice bune din punct de vedere biologic,
dar si din punct de vedere estetic. In fig.3 prezentam
o restaurare protetici maxilara realizatd cu carcasa
BioHPP acoperita cu un material rdsinic compozit,
folosind fatete cu strat multiplu prefabricate si un
compozit fluid cu nano-umplutura.

De asemenea, alte studii au evidentiat conditiile
bune ale tesuturilor dure si moi dupé o perioada in-
delungata de purtare a materialului BioHPP, chiar si
atunci cand igiena orala este doar medie. Aceasta se
poate datora faptului cd carcasul- punte nu contine
metal, dispundnd si de o elasticitate optima a struc-
turii [54]. Rezultatele foarte promititoare obtinute cu
ajutorul PEEK ca material de carcasa pentru restau-
rdrile protetice de volum mare vor fi sustinute de re-
stabilirea pacientilor si de studiile clinice pe perioade
mai lungi de observatie. Avand in vedere proprieta-
tile mecanice si fizice similare cu cele osoase, PEEK
poate fi utilizat in multe domenii ale stomatologiei,
insd imbundtatirea bioactivitatii implanturilor denta-
re PEEK fird a compromite proprietatile lor mecani-
ce ramane o provocare majora [55].

Alte posibilitati de utilizare a materialelor
PEEK in Protezarea pe Implante

De obicei, Implantele dentare sunt fabricate in zi-
lele noastre din titan sau din aliajele sale, care a fost
primul material modern folosit pentru implanturile
dentare si este incd unul dintre cele mai utilizate in
implanturile dentare contemporane [56]. Cu toate
acestea, problemele potentiale asociate cu titanul sunt
discutate in literatura de specialitate ca supraincarca-
rea maxilarului in timpul masticérii datoritd diferentei
semnificative in modulul elastic al titanului (110 GPa)
si osului (=1-30 GPa). Prin urmare, PEEK ar putea fi
un biomaterial alternativ cu modulul séu de elasticita-
te 3-4 GPa. Amestecul de compozit de poli-eter-eter-
cetond si materiale inerte este folosit in mare parte in
ortopedie, chirurgie spinald si chirurgie cranio-facia-
14, astfel ca a inceput si fie utilizat si in implantologia
dentara datorita proprietétilor sale biologice si meca-
nice. Rezultatele studiilor experimentale si ale elemen-
telor finite realizate pe prototipurile implantului bazal
aratd ca PEEK, spre deosebire de titan, are o structura
compusa care permite optimizarea distributiei fortelor
masticatorii in jurul implantului [57]. Mai mult, ma-
tricea PEEK permite incorporarea fibrelor de carbon
si de sticld pentru dezvoltarea compozitelor din fibre
termoplastice. Addugarea de fibre de carbon mareste
semnificativ stabilitatea dimensionald, duritatea, duri-
tatea, rezistenta la indoire si rezistenta PEEK.

Un studiu sistematic al literurii de pe PubMed
pand in decembrie, 2010 a generat doar 3 articole

CAM manufacturing or via the conventional lost
wax technique [53].

Our experience with BioHPP lead us to good
prosthetic results from a biological perspective but
also aesthetically. In the fig.3 we show a maxillary
prosthetic restoration made with a BioHPP frame-
work covered with a composite resin material using
prefabricated multilayer veneers and a nano-filled
flowable composite.

Also other studies highlighted the good condi-
tions of hard and soft tissues even after a long pe-
riod of wearing a restoration made of BioHPP ma-
terial, even when oral hygiene is only average. This
may be because the bridge framework contains no
metal, as well as the optimal elasticity of the bridge
structure [54]. The very promising results achieved
with PEEK as a framework material for high volume
prosthetic restorations will need to be backed up by
further patient restorations and clinical studies over
longer observation periods. Considering mechanical
and physical properties similar to bone, PEEK can be
used in many areas of dentistry, but improving the
bioactivity of PEEK dental implants without compro-
mising their mechanical properties remains a major
challenge [55].

Other Usage Possibilities of PEEK Materials
in Implant Prosthodontics

Dental implants are usually made nowadays from
titanium or its alloys, which was the first modern
material used for dental implants, and it is still one
of the most used in contemporary dental implants
[56]. However, potential problems associated with
titanium are discussed in the literature as overload-
ing of the jawbone during mastication due to the sig-
nificant difference in the elastic modulus of titanium
(110 GPa) and bone (-1-30 GPa). Therefore PEEK
could represent an alternative biomaterial with its
elastic modulus 3-4 GPa.

Composite mixture of polyetheretherketon and
inert materials, is largely used in orthopedics, spinal
surgery and cranio-facial surgery, thus it started to be
used also in dental implantology because of its bio-
logical and mechanical properties. The results of ex-
perimental and finite element studies made on basal
implant prototypes show that PEEK, contrary to ti-
tanium, has a compound structure that allows to op-
timize the distribution of masticatory forces around
the implant [57]. Moreover, the PEEK matrix allows
the incorporation of carbon and glass fibers for the
development of thermoplastic fiber composites. The
addition of carbon fibers significantly increases the
dimensional stability, toughness, hardness, flexural
strength and resistance of PEEK.

A systematic literature search of PubMed until
December 2010 yielded only 3 articles reporting on
dental implants made from PEEK. One article ana-
lyzed stress distribution in carbon fiber- reinforced
PEEK (CFR-PEEK) dental implants by the 3-dimen-
sional finite element method, demonstrating higher



care raporteazd despre implanturile dentare fabricate
din PEEK. Un articol analiza distributia stresului in
implanturile dentare PEEK (CFR-PEEK) armate cu
fibre de carbon prin metoda cu elemente finite tri-
dimensionale, demonstrand valori de stres mai mari
datorita unei rigidita{i reduse in comparatie cu tita-
nul. Doud articole s-au referit la investigatiile la cai-
nii mongrel. Primul articol a comparat CFR-PEEK cu
implanturile CFR-PEEK acoperite cu titan, care au
fost inserate in femur si evaluate dupd 4 si 8 sapta-
méni. Implanturile cu titan au avut o ratd semnifi-
cativ mai mare de contact cu implantul osos (BIC).
Intr-un al doilea studiu, implanturile de PEEK pur
au fost inserate in mandibulele de langa implantu-
rile obtinute din titan si zirconiu si evaluate dupa 4
luni, unde PEEK prezinté cel mai mic BIC. Articolele
existente care raporteaza despre implanturile dentare
PEEK indicd faptul cd PEEK ar putea reprezenta un
material alternativ viabil pentru implanturile denta-
re. Cu toate acestea, studiile experimentale privind
modularea chimicd a PEEK par sa fie necesare, in
principal pentru a creste raportul BIC si pentru a mi-
nimiza distributia stresului la osul perimplantar [58].

Lee WT si colab. au efectuat teste de incarcare
compresive cu PEEK armat cu fibra de sticld (GFR-
PEEK), PEEK armat cu fibra de carbon (CFR-PEEK)
si tije de titan. Rezistenta la compresiune a implan-
turilor GFR-PEEK si CFR-PEEK a variat intre for-
tele musculare ale dentitiilor anterioare si respectiv
posterioare, iar implanturile PEEK au prezentat li-
mite adecvate de uzurd pentru inlocuirea dintilor
anteriori. Ei au concluzionat ca implanturile dentare
cu acoperiri PEEK si implanturile PEEK pot reduce
efectul de “protectie impotriva stresului” [59]. Cu
toate acestea, intr-un studiu realizat in anul 2012, in
simuldri cu o legdtura perfecta intre os si implant, im-
planturile armate cu fibrd de carbon 30% (30% CFR-
PEEK) au prezentat o concentratie mai mare de stres
in regiunea cervicala a implantului si in osul adia-
cent, in legatura cu rigiditate scizutd si deformarea
sporitd in raport cu titanul. Implanturile si compo-
nentele de 30% CFR-PEEK nu au avut niciun avan-
taj in raport cu distributia de stres in comparatie cu
implanturile si componentele de titan [60]. Investi-
gatii suplimentare sunt necesare pentru a evalua daca
existd o caracterizare distincta si orientare a fibrelor
de carbon care determind o valoare optimad de distri-
butie a stresului in cazul utilizdrii CFR-PEEK. Ast-
fel, un studiu din 2015 a ardtat ca materialul PEEK
trebuie imbundttit cu fibre de carbon interminabile
orientate paralel. Endolign (°) reprezintd o armatura
implantabild din fibra de carbon (CFR) -PEEK, in-
cluzénd fibre de carbon interminabile orientate pa-
ralel §i au ardtat cd un singur implant PEEK umplut
cu pulbere a prezentat o tensiune mai mare in osul
cortical adiacent decat Endolign (si chiar un implant
de titan.) Fibrele de carbon interminabile dau PEEK
o stabilitate ridicata [61].

Existd multe modalitdti prin care PEEK poate fi
modificat la un nivel de nanometri pentru a depasi

stress peaks due to a reduced stiffness compared to
titanium. Two articles reported on investigations in
mongrel dogs. The first article compared CFR-PEEK
to titanium- coated CFR-PEEK implants, which were
inserted into the femurs and evaluated after 4 and 8
weeks. The titanium-coated implants showed signifi-
cantly higher bone-implant contact (BIC) rates. In a
second study, implants of pure PEEK were inserted
into the mandibles beside implants made from titani-
um and zirconia and evaluated after 4 months, where
PEEK presented the lowest BIC. The existing articles
reporting on PEEK dental implants indicate that
PEEK could represent a viable alternative material
for dental implants. However, further experimental
studies on the chemical modulation of PEEK seem to
be necessary, mainly to increase the BIC ratio and to
minimize the stress distribution to the peri-implant
bone [58].

Lee WT et al performed compressive loading
tests with glass fiber-reinforced PEEK (GFR- PEEK),
carbon fiber-reinforced PEEK (CFR-PEEK), and ti-
tanium rods. The compressive strength of the GFR-
PEEK and CFR-PEEK implants ranged within the
bite force of the anterior and posterior dentitions, re-
spectively, and the PEEK implants showed adequate
fatigue limits for replacing the anterior teeth. They
concluded that dental implants with PEEK coatings
and PEEK implants may reduce stress shielding ef-
fects [59]. However, in a 2012 study in simulations
with a perfect bonding between the bone and the
implant, implants reinforced with 30% carbon fiber
(30% CFR-PEEK) presented higher stress concen-
tration in the implant neck and the adjacent bone,
due to the decreased stiffness and higher deforma-
tion in relation to the titanium. The 30% CFR-PEEK
implants and components did not exhibit any advan-
tages in relation to the stress distribution compared
to the titanium implants and components [60]. Fur-
ther investigations are necessary to evaluate whether
there is a distinct amount and orientation of carbon
fibers causing an optimal stress distribution behav-
iour of CFR-PEEK. Thus, a 2015 study stated that the
peek material should be improved with parallel ori-
ented endless carbon fibers. Endolign(®) represents
an implantable carbon fiber reinforced (CFR)-PEEK.
including parallel oriented endless carbon fibers
and they showed that an only powder-filled PEEK
implant showed higher stresses within the adjacent
cortical bone than Endolign(® and even a titanium
implant. Endless carbon fibers give PEEK a high sta-
bility [61].

There are many ways in which PEEK can be
modified at a nanometer level to overcome its lim-
ited bioactivity. Nanoparticles such as TiO2, HAFE,
and HAp can be combined with PEEK through
the process of melt-blending to produce bioactive
nanocomposites. Moreover, these composites ex-
hibit significantly superior tensile properties when
compared to pure PEEK. Additionally, HAF has an-
tibacterial properties which could prevent peri-im-
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bioactivitatea limitatd. Nanoparticule precum TiO2,
HAF si HAp pot fi combinate cu PEEK prin procesul
de amestecare prin topire pentru a produce nano-
compozite bioactive. Mai mult, aceste compozite pre-
zintd proprietdti de tracfiune semnificativ superioare
in comparatie cu PEEK pur. In plus, HAF are pro-
prietdti antibacteriene care ar putea preveni aparitia
peri-implantitei si esecuri precoce de implantare. Cu
toate acestea, multe dintre studiile mentionate mai
sus s-au limitat la testarea in vitro. Utilizarea implan-
turilor PEEK, care nu au suportat testarea extensiva
pe animale si oameni, prezintd totusi riscul de esec
timpuriu. Prin urmare, sunt necesare mai multe stu-
dii in vivo inainte ca implanturile PEEK nanomodi-
ficate sa poata fi utilizate in general in setarea clinicd
[62].

Bonturile folosite in protezarea pe implante sunt,
ca si implanturile endoosoase, realizate de obicei din
titan sau aliajele sale, deoarece studiile clinice pe ter-
men lung au demonstrat un rezultat previzibil [63].
Cu toate acestea, succesul estetic nu depinde numai
de proteza in sine, ci este in mare masurd determina-
td de aparitia tesuturilor moi din jurul ei. Manage-
mentul fesuturilor moi in stomatologia implantului
este complex si obiectivele estetice ale tratamentelor
implantate sunt adesea dificil de realizat. In prezent,
o serie de tehnici pot facilita gestionarea tesuturilor
moi, inclusiv plasarea bonturilor estetice pentru a
evita umbrele intunecate la limita gingivala care pot
afecta rezultatul restaurdrilor implantului la fel ca
trauma, care este cauzatd de schimbarea frecventa a
diferitelor parti protetice pand la integrarea completd
a restaurarii. Bonturile SKY-elegance (Bredent, Sel-
den, Germania) reprezintd un nou tip de bonturi cu
privire la combinatia de materiale, care consta dintr-
un miez de titan si un manson din polimer de inaltd
performanta armat cu ceramicid BioHPP [64] (fig. 4).

In plus, materialele polimerice sunt mai populare
datoritd proprietatilor lor de rezistentd mecanica ri-
dicatd si a proprietatilor de absorbtie a socului. Prin
urmare, este de asteptat ca suruburile de acoperire
realizate din materiale po-
limerice sa limiteze bariera
de stres intre implanturile
dentare si osul alveolar adi-
acent. Mai mult, datorita co-
eficientului scazut de frecare
al materialelor polimerice,
suruburile de acoperire re-
alizate din aceste materiale
pot avea o eficientd imbuna-
tatitd a cuplului si pot fi mai
usor de indepdrtat in cazul
fracturii. Cu toate acestea,
sa constatat ca PEEK si su-
ruburile de acoperire PEEK
cu fibre de carbon de 30%
au o rezistentd mai mica la
fracturd comparativ cu su-
ruburile de titan.

Fig. 4 Aspect clinic al unui stalp hibrid cu o baza de titan
acoperita cu BioHPP. (Ceramica Sky Elegance, Bredent, Senden,
Germania). (Dr. Obadan Florian)

Fig. 4 Clinical aspect of a hybrid abutment with a titanium base
covered with BioHPP. (Sky Elegance abutment, Bredent, Selden,
Germany). (Dr. Obadan Florian)

plantitis and early implant failures. However, many
of the aforementioned studies have been limited to
in vitro testing. Using PEEK implants, which have
not undergone extensive animal and human test-
ing, yet carries a risk of failing early. Hence, more in
vivo studies are required before nanomodified PEEK
implants can be used broadly in the clinical setting
[62].

The abutments used in the implant prosthodon-
tics are, as well as the intraosseous implants, usually
made nowadays from titanium or its alloys as long-
term clinical studies demonstrated a predictable out-
come [63]. However, esthetic success does not only
depend on the prosthesis itself, but is largely deter-
mined by the appearance of the soft tissues around
it. But soft tissue management in implant dentistry
is complex and the esthetic objectives of implant
treatments are often difficult to achieve. At present,
anumber of techniques can facilitate soft tissue man-
agement including the placement of esthetic abut-
ments to avoid dark shadows in the gingival border
which can affect the result of implant restorations
just like the trauma that is caused by frequent change
of the various prosthetic parts until the restoration
is integrated. The SKY elegance abutments (Bredent,
Selden, Germany) are a new type of abutments with
regard to the material combination, which consists
of a titanium core and a sleeve made of the ceramic-
reinforced high-performance polymer BioHPP [64]
(fig-4).

In addition, polymeric materials have gained
greater popularity due to their high mechanical re-
silience and shock absorption properties. Therefore,
abutment screws made from polymeric materials can
also be expected to limit the stress shielding between
dental implants and the adjacent alveolar bone.
Moreover, due to the low friction coefficient of poly-
meric materials, abutment screws made from these
materials can be expected to have improved torque
efficiency and be easier to remove in case of frac-
ture. However, it was found that PEEK and 30% car-
bon fiber-reinforced PEEK
abutment screws have a
lower fracture resistance
compared with titanium
abutment screws.

There are a couple of
possible explanations for
these results. First, it is
likely that PEEK abutment
screws may undergo ex-
tensive plastic deformation
followed by fracture when
subjected to compressive
loading, due to their high
flexural performance [65].
Second, it is possible that
the small dimensions or the
manufacturing processing
of PEEK and carbon fiber-



Existd cateva explicatii posibile pentru aceste re-
zultate. In primul rand, este posibil ca suruburile de
acoperire PEEK s poata suferi o deformare plasticd
extensivd urmata de fractura atunci cand sunt supuse
incarcarii compresive, datorita proprietatii lor ridica-
te de indoire [65]. In al doilea rand, este posibil ca di-
mensiunile mici sau prelucrarea de fabricatie a PEEK
si a suruburile de acoperire PEEK armate cu fibre de
carbon sa fi avut un efect ddunator asupra proprie-
tatilor fizico-mecanice ale PEEK [66]. De asemenea,
pe baza unui studiu din 2015, din punct de vedere
mecanic, se recomanda utilizarea de rasina PEEK sau
metacrilat atunci cind proteza fixd provizorie va ra-
mane in cavitatea bucald de la o lund pana la trei luni.
Pentru protezele provizorii provizorii pe termen me-
diu (trei pana la sase luni), se recomanda totusi uti-
lizarea stilpilor de titan provizorii sau definitivi [67].

Concluzii

Reducerea impactului fortelor ocluzale asupra
suportului implantului reprezintd o problema actu-
ald pentru protezarea pe implante, in special in cazul
protezelor fixe cu suport pe implante ale arcadei in
intregime. Chiar si existen{a unui strat de ciment in-
tre restaurarea proteticd si stilpul implantului poate
avea un astfel de rol. In cazul protezelor fixe cu su-
port pe implant, nivelul ridicat de stres, care poate
dauna implantului si osului din jur, impun masuri
suplimentare. Dacd utilizarea materialelor rasinice
cu un modul mai redus de elasticitate pentru resta-
urdrile protetice cu suport pe implant este o metoda
deja sugerata de la o vreme, aditional astazi am pu-
tea utiliza, de asemenea, materiale pe baza de poli-
meri de inalta performantd, cum ar fi PEEK, in loc
de aliajele rigide ale materialelor nepretioase pentru
scheletul acestor proteze. Mai mult, proprietatile bio-
logice si mecanice ale acestor polimeri pot fi utilizate
pentru a dezvolta materiale mai potrivite si pentru
implanturile edoosoase si stipii protetici, pentru a
obtine restaurari protetice cu o integrare biologica si
functionala mai bun.
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