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Abstract
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Objective: The aim of this study was to investigate the stress distribution and force direction in No-
bel Active implants and their crowns under varying implant angulations using finite element analy-
sis. Materials and Methods: A three-dimensional finite element analysis was conducted using Nobel
Active implants with zirconia crowns. Implants were modelled at 0°, 5°, and 10° angulations. Verti-
cal loads of 300 N were applied to simulate masticatory forces. Stress distribution (von Mises stress)
and force directions (DX, DY, DZ) were analyzed across the crown, implant body, and hard bone. Re-
sults: Increased implant angulation amplified stress across all regions. The crown exhibited stress
levels of 51.72 MPa (0°), 52.12 MPa (59, and 54.26 MPa (10°). The implant body showed stress rang-
ing from 44.3 MPa (0°) to 64.59 MPa (10°). Hard bone stress increased from 21.84 MPa (0°) to 37.37
MPa (10°). Force directions showed the highest displacement in the DY axis, increasing from 0.0107
mm (0°) to 0.0156 mm (10°). Conclusion: Implant angulation significantly influences stress distribu-
tion and force dynamics. Higher angulation increases stress in the crown, implant body, and hard
bone while amplifying vertical and anteroposterior forces. These findings emphasize the importance
of precise angulation planning and material selection to optimize implant performance and longevity.
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Introduction

Dental implants have emerged as a cornerstone of mod-
ern restorative dentistry, offering a durable and esthetically
pleasing solution for the replacement of missing teeth. The
long-term success of dental implants depends on a myriad of
factors, including the design and material properties of the
implant, the quality and quantity of the surrounding bone,
the loading conditions during function, and the angulation
of the implant during placement (1, 2). Among these, im-
plant angulation is particularly significant as it directly af-
fects the biomechanical environment of the peri-implant
bone and the prosthetic crown (3). Improper angulation can
lead to uneven stress distribution, which may result in com-
plications such as peri-implant bone loss, prosthetic failure,
or even implant failure over time (4).

Restorations; Implantology;
Mechanical Stress

Uvod

Dentalni implantati, nudedi trajno i estetski ugodno rje-
Senje za nadomjestanje nedostajucih zuba, pojavili su se kao
revolucija u suvremenoj restaurativnoj stomatologiji. Njihov
dugoro¢ni uspjeh ovisi 0 mnostvu ¢imbenika, ukljucujudi
dizajn i svojstva materijala implantata, kvalitetu i koli¢inu
okolne kosti, uvjete tijekom funkcijskog opterecenja i nagib
implantata tijekom postavljanja (1, 2). Medu implantatima
je nagib posebno vazan jer izravno utjece na biomehanicko
okruzenje periimplantatne kosti i proteticke suprastrukture
(3). Ako je nepravilan, moze rezultirati neravnomjernom ras-
podjelom naprezanja, $to moze zavrsiti komplikacijama po-
put gubitka periimplantatne kosti te protetickim neuspje-
hom ili ¢ak gubitkom implantata tijekom vremena (4).

Uz te biomehanicke ¢imbenike, na trajnost proteticke re-
habilitacije utjecu i bioloski aspekti, posebno kvaliteta i koli-
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In addition to these biomechanical factors, the longev-
ity of prosthetic rehabilitation is also influenced by biologi-
cal aspects, particularly the quality and quantity of the peri-
implant soft tissue. An adequate zone of keratinized mucosa
and stable soft tissue seal around the implant neck are es-
sential to prevent bacterial invasion and support long-term
tissue health, as highlighted by Guarnieri et al. (2022) in
a comparative iz vitro analysis of soft tissue substitutes and
their cytocompatibility with peri-implant environments (5).
Furthermore, mechanical considerations such as the type of
prosthetic connection (one-piece vs. two-piece), loading pro-
tocol, and the frequency of abutment disconnection/recon-
nection can significantly influence the stability of the peri-
implant tissue and osseointegration. Frequent manipulation
of abutment components may disrupt the biological seal,
potentially compromising the long-term success of the im-
plant, as demonstrated in a clinical 5-year evaluation study
by Guarnieri et al. (2022) (6).

One of the critical aspects of implant dentistry is ensur-
ing optimal stress distribution in and around the implant.
Excessive stress in the peri-implant region can lead to bone
resorption and mechanical complications, thus compromis-
ing implant stability and success (7). Nobel Active implants
have gained popularity due to their innovative thread design,
which enhances primary stability and reduces stress concen-
tration in the surrounding bone. These implants are designed
to adapt to various clinical scenarios, including challenging
bone conditions, making them a preferred choice among cli-
nicians. However, the role of implant angulation in altering
stress patterns within the peri-implant region and the pros-
thetic crown, particularly in Nobel Active implants, requires
further investigation (4, 7).

Implant angulation plays a pivotal role in the biome-
chanics of implant-supported restorations. During func-
tional loading, angulated implants experience altered force
vectors, which can shift stress concentrations and affect the
stability of the implant-prosthesis complex (8). Understand-
ing how different angulation configurations influence stress
distribution is essential for guiding clinical decisions regard-
ing implant placement and prosthetic design (9). Despite
current advances in implant technology and surgical tech-
niques, there is a need for focused research exploring the spe-
cific impact of varying angulations on stress distribution in
widely used implant systems such as Nobel Active.

Finite element analysis (FEA) has become an indis-
pensable tool in biomechanical research, providing a de-
tailed understanding of stress and strain distribution in
dental implants under various loading conditions (10). This
computational method allows for the simulation of com-
plex clinical scenarios, offering insights that are difficult to
achieve through in vivo or in vitro studies (11). Previous
studies have demonstrated the efficacy of FEA in evaluating
the biomechanical behavior of dental implants, but gaps re-
main in understanding the effects of angulation variations
on Nobel Active implants specifically (12, 13). By address-
ing these gaps, clinicians can make evidence-based deci-
sions to optimize implant placement, thus enhancing treat-
ment outcomes.

Biomehanicka analiza implantata Nobel Active

¢ina periimplantatnog mekoga tkiva. Adekvatna zona kerati-
nizirane sluznice i stabilno brtvljenje mekoga tkiva oko vrata
implantata klju¢ni su za sprjecavanje bakterijske invazije i
dugoro¢no zdravlje tkiva, kako su istaknuli Guarnieri i su-
radnici (2022.) u komparativnoj iz vitro analizi nadomjesta-
ka mekoga tkiva i njihove citokompatibilnosti s periimplan-
tatnim okruzenjem (5). Nadalje, mehanicki aspekti poput
vrste proteticke veze (jednodijelna vs. dvodijelna), protoko-
la opterecenja i ucestalosti odvajanja/ponovnog spajanja im-
plantatne nadogradnje mogu znacajno utjecati na stabilnost
periimplantatnog tkiva i oseointegraciju. Cesta manipulaci-
ja komponentama implantatne nadogradnje moze poremeti-
ti biolosko brtvljenje i potencijalno ugroziti dugoro¢ni uspjeh
implantata, $to je pokazano u klini¢koj 5-godi$njoj evaluacij-
skoj studiji koju su Guarnierija i suradnika (2022.) (6).

Jedan od klju¢nih aspekata u implantologiji jest osigu-
ravanje optimalne raspodjele naprezanja u implantatu i oko
njega. Prekomjerno naprezanje u periimplantatnom podrué-
ju moze zavrsiti resorpcijom kosti i mehanickim komplika-
cijama, ¢ime se ugrozava stabilnost i uspjeh implantata (7).
Implantati Nobel Active popularni su zbog inovativnog dizaj-
na navoja koji pobolj$ava primarnu stabilnost i smanjuje kon-
centraciju naprezanja u okolnoj kosti. Dizajnirani su za prila-
godbu razlicitim klini¢kim scenarijima, uklju¢ujudi izazovna
stanja kosti, $to ih ¢ini preferiranim izborom medu klinica-
rima. Medutim, uloga nagiba implantata u promjeni obraza-
ca naprezanja unutar periimplantatnog podrudja i proteticke
suprastrukture, posebno implantata kod Nobel Active, zahti-
jeva daljnja istrazivanja (4, 7).

Nagnuti polozaj implantata klju¢an je u biomehanici na-
domjestaka na implantatima. Tijekom funkcijskog optere-
¢enja na nagnute implantate djeluju promijenjeni vektori si-
la, $to moze pomaknuti koncentraciju naprezanja i utjecati
na stabilnost kompleksa implantat — proteticka suprastruk-
tura (8). Razumijevanje kako razlicite konfiguracije nagiba
utjecu na raspodjelu naprezanja kljuéno je za donosenje kli-
nickih odluka u vezi s postavljanjem implantata i dizajnom
proteticke suprastrukture (9). Unato¢ napretku tehnologije
implantata i kirurskih tehnika, potrebno je istrazivati speci-
ficne utjecaje razli¢itih nagiba na raspodjelu naprezanja nasi-
roko koristenih implantatnih sustava kao $to je Nobel Active.

Analiza kona¢nih elemenata (FEA) postala je nezamje-
njiva u biomehanickim istrazivanjima zato $to omogucuje
detaljno razumijevanje raspodjele naprezanja i deformacija
u dentalnim implantatima u razli¢itim uvjetima opterece-
nja (10). Ta ra¢cunalna metoda omoguduje simulaciju sloze-
nih klini¢kih scenarija i daje uvide koje je tesko posti¢i u
istrazivanjima 7z vivo ili in vitro (11). U dosada$njim studi-
jama autori su istaknuli u¢inkovitost FEA-e u procjeni bio-
mehanickog ponasanja dentalnih implantata, ali i dalje po-
stoje praznine u razumijevanju ucinaka varijacija nagiba na
implantate Nobel Active (12, 13). Rjesavanjem tih praznina
klini¢ari mogu donositi odluke na temelju dokaza kako bi
optimizirali postavljanje implantata, ¢ime se poboljsavaju is-
hodi lije¢enja.

Cilj ovog istrazivanja bio je analizirati raspodjelu napre-
zanja u dvama razli¢itim implantatima i oko njih te u nji-
hovim protetickim krunicma s trima razli¢itim nagibima
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This study aimed to analyze the stress distribution in and
around two different implants and their prosthetic crowns
under three different implant angulations. Specifically, the
objectives were to determine the stress patterns occurring
in and around Nobel Active implants and their prosthetic
crowns and to evaluate the stress distribution in these im-
plants and crowns at angulations of zero, five, and ten de-
grees. The findings of this study are expected to provide crit-
ical insights into the biomechanical performance of Nobel
Active implants under varying angulation conditions. By
understanding the influence of implant angulation on stress
distribution, this research aimed to contribute to evidence-
based guidelines for clinical practice, ultimately helping to
improve implant stability, minimize complications, and en-
hance the long-term success of implant-supported restora-
tions.

The findings of this study can provide critical insights in-
to the biomechanical performance of Nobel Active implants
under varied angulation conditions, thus contributing to evi-
dence-based guidelines for clinical practice. A comprehensive
understanding of stress distribution patterns helps improve
implant stability, minimize complications, and enhance the
long-term success of implant-supported restorations.

Materials and methods

Implant details

This study utilized Nobel Active implants featuring an
internal conical connection. The implants were designed for
primary stability and optimized stress distribution. The di-
mensions of the implants were 13 mm in length and 5 mm
in diameter. Mechanical properties included yield strength
of 760 MPa (at 0.2% offset) and a tensile strength of 860
MPa. The Procera Esthetic Abutment was used, character-
ized by its straight and low-profile design. The prosthetic
crowns were fabricated using zirconia, with flexural strength
of 1120 MPa.

Implant configurations

The study analyzed three configurations of Nobel Active
implants based on their angulation. Implant 1A had no an-
gulation (0°), Implant 1B had a 5° angulation in the lingual
direction, and Implant 1C had a 10° angulation in the lin-
gual direction.

Material properties

The finite element analysis assumed that all materi-
als were homogeneous, isotropic, and linearly elastic. The
Young’s modulus of elasticity and Poisson’s ratio for each ma-
terial were incorporated into the models. The values were as
follows: Dentine had a Young’s modulus of 18,600 MPa and
a Poisson’s ratio of 0.31; hard bone had a Young’s modulus
of 15,000 MPa and a Poisson’s ratio of 0.33; soft bone had a
Young’s modulus of 1,500 MPa and a Poisson’s ratio of 0.30;
the periodontal ligament had a Young’s modulus of 50 MPa
and a Poisson’s ratio of 0.45. For the implant material, the
Young’s modulus was 110,000 MPa with a Poisson’s ratio of
0.35. The abutment had a Young’s modulus of 114,000 MPa
and a Poisson’s ratio of 0.34. The inner screw had a Young’s
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implantata. Konkretno, ciljevi su bili utvrditi obrasce napre-
zanja koji se pojavljuju u implantatima Nobel Active i oko
njih i njihovih protetickih suprastruktura te procijeniti ras-
podjelu naprezanja u tim implantatima i krunicama pod
kutovima od nula, pet i deset stupnjeva. Ocekuje se da ¢e
rezultati ove studije dati klju¢ne uvide u biomehanicke per-
formanse implantata Nobel Active pod razli¢itim nagibima.
Razumijevajuéi utjecaj nagiba implantata na raspodjelu na-
prezanja, cilj ovog istrazivanja bio je pridonijeti smjernica-
ma temeljenima na dokazima za klinicku praksu, $to ée u
konacnici pomo¢i poboljsati stabilnost implantata, smanji-
ti komplikacije i poboljsati dugorocni uspjeh restauracija na
implantatima. Rezultati ovog istrazivanja mogu dati klju¢ni
uvid u biomehanicke performanse implantata Nobel Active s
razli¢itim nagibima i tako pridonijeti smjernicama temelje-
nima na dokazima za klinicku praksu. Sveobuhvatno razu-
mijevanje obrazaca raspodjele naprezanja pomaze poboljsati
stabilnosti implantata, smanjiti komplikacije i povecati du-
goro¢ni uspjeh restauracija nosenih implantatima.

Materijali i metode

Detalji o implantatima

U ovom istrazivanju upotrijebljeni su implantati Nobel
Active s unutarnjim konusnim spojem. Implantati su dizaj-
nirani za primarnu stabilnost i optimiziranu raspodjelu na-
prezanja. Dimenzije su bile: duljina 13 mm i promjer 5 mm.
Mehanicka svojstva ukljucivala su granicu razvlacenja od
760 MPa (uz pomak od 0,2 %) i vla¢nu ¢vrstoéu od 860
MPa. Koristen je Procera Esthetic Abutment koji se odliku-
je ravnim i niskoprofilnim dizajnom. Proteticke suprastruk-

ture izradene su od cirkonija sa savojnom ¢vrsto¢om od 1120
MPa.

Konfiguracija implantata

U istrazivanju su analizirane tri konfiguracije implanta-
ta Nobel Active na temelju njihova kuta nagiba. Implantat 1A
nije imao kut nagiba (0°), implantat 1B imao je kut nagiba
od 5° u lingvalnom smjeru, a implantat 1C bio je s kutom na-
giba od 10° u lingvalnom smjeru.

Svojstva materijala

U analizi konac¢nih elemenata pretpostavljeno je da su svi
materijali homogeni, izotropni i linearno elasti¢ni. Youngov
modul elasti¢nosti i Poissonov omjer za svaki materijal uklju-
¢eni su u modele. Vrijednosti su bile sljedece: dentin je imao
Youngov modul od 18 600 MPa i Poissonov omjer od 0,31;
tvrda kost imala je Youngov modul od 15 000 MPa i Poi-
ssonov omjer od 0,33; meka kost imala je Youngov modul
od 1 500 MPa i Poissonov omjer od 0,30; parodontni liga-
ment imao je Youngov modul od 50 MPa i Poissonov omjer
od 0,45. Za materijal implantata, Youngov modul bio je 110
000 MPa s Poissonovim omjerom od 0,35. Implantatna na-
dogradnja imala je Youngov modul od 114 000 MPa i Poi-

ssonov omjer od 0,34. Unutarnji vijak imao je Youngov mo-
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modulus of 205,000 MPa and a Poisson’s ratio of 0.33, while
the zirconia crown had a Young’s modulus of 70,000 MPa
and a Poisson’s ratio of 0.19.

Finite element model and meshing

The finite element models were meshed into intercon-
nected elements, with nodes serving as discrete calculation
points. The models were as follows: Implant 1A had 24,390
nodes and 131,077 elements; Implant 1B had 24,442 nodes
and 145,990 elements; Implant 1C had 24,314 nodes and
145,081 elements. The von Mises stress distribution was cal-
culated by analyzing the displacements of these nodes un-

der load.

Study design

This study used a mandible-based finite element model
to evaluate stress distribution. Nobel Active implants were
placed at 0°, 5° and 10° angulations. A vertical force of 300
N, representing average masticatory loads, was applied to
simulate the clinical scenario of replacing a missing man-
dibular first molar with a single crown-supported implant.
The cutting face of the hard bone was fixed, and the mandi-
ble was supported at its base and distal ends to account for
muscle and ligament influence, replicating realistic clinical
conditions.

Load cases

Two load cases were analyzed. The first involved Nobel
Active implants with internal conical connections were un-
der vertical forces of 300 N at 0° 5°, and 10° inclinations.
The second evaluated Nobel Speedy Groovy implants with
external hexagon connections were under identical loading
and angulation conditions.

Stress analysis

Stress distribution was analyzed in six models at three
key sites: the hard bone, the implant body, and the prosthet-
ic crown. Stress directions were evaluated along three axes:
the mediolateral direction (X-axis), the vertical direction (Y-
axis), and the anteroposterior direction (Z-axis).

Software utilized

The study utilized advanced software for processing and
analysis. CT scans of the tooth and mandible were processed
using Mimics 8.11, and surface data for the implant, inner
screw, abutment, and mandible were generated using Solid
Edge 2004. Finite element models were created using Hy-
permesh 9.0, and stress analysis was conducted using AN-
SYS 12.1.

Color coding for stress and displacement

Stress and displacement values were visualized using a
color-coded scale. The minimum stress or displacement was
represented by blue, while the maximum was represented by
red. Intermediate shades indicated varying stress or displace-
ment levels between these extremes.

Hardware specifications

The computational analysis was performed on hard-
ware equipped with an Intel Core 2 Duo processor, 4 GB of
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dul od 205 000 MPa i Poissonov omjer od 0,33, a cirkonijska
krunica imala je Youngov modul od 70 000 MPa i Poisso-
nov omjer od 0,19.

Model konacnih elemenata

Modeli kona¢nih elemenata povezani su u uzajamno po-
vezane elemente, s ¢vorovima koji sluze kao diskretne to¢-
ke izra¢una. Modeli su bili sljede¢i: implantat 1A imao je 24
390 ¢vorova i 131 077 elemenata; implantat 1B imao je 24
442 ¢vora i 145 990 elemenata; implantat 1C imao je 24 314
¢vorova i 145 081 elemenata. Raspodjela von Misesova na-
prezanja izracunata je analizom pomaka tih ¢vorova pod op-
tereCenjem.

Studijski dizajn

U ovom istrazivanju upotrijebljen je model kona¢nih ele-
menata temeljen na mandibuli za procjenu raspodjele napre-
zanja. Implantati Nobel Active postavljeni su pod nagibom
od 0°% 5° i 10°. Vertikalna sila od 300 N, koja je prosje¢no
zvaéno opterecenje, primijenjena je kako bi se simulirao kli-
nicki scenarij zamjene nedostajuéega prvog donjeg kutnjaka
jednim implantatom i krunicom. Rezna povrsina tvrde kosti
fiksirana je, a mandibula je poduprta u svojoj bazi i distalnim
krajevima kako bi se uzeo u obzir utjecaj misica i ligamenata,
replicirajuéi realne klinicke uvjete.

Slucajevi opterecenja — protokoli Load cases

Analizirana su dva slu¢aja opterecenja. Prvi je ukljucivao
implantate Nobel Active s unutarnjim konusnim spojevima
koji su bili pod vertikalnim silama od 300 N pri nagibima od
0° 5°110° U drugom sluc¢aju procijenjeni su implantati No-
bel Speedy Groovy s vanjskim $esterokutnim spojevima koji su
bili pod jednakim uvjetima optere¢enja i nagiba.

Analiza naprezanja

Raspodjela naprezanja analizirana je u Sest modela na tri-
ma kljuénim mjestima: tvrdoj kosti, tijelu implantata i kru-
nici. Smjerovi naprezanja procijenjeni su duz triju osi: me-
diolateralnog smjera (X-os), vertikalnog smjera (Y-os) i
anteroposteriornog smjera (Z-0s).

Upotrijebljeni softver

U istrazivanju je upotrijebljen napredni softver za obradu
i analizu. CT snimke zuba i mandibule obradene su u pro-
gramu Mimics 8.11, a podatci o povrsini implantata, unutar-
njeg vijka, implantatne nadogradnje i mandibule generirani
su u programu Solid Edge 2004. Modeli kona¢nih elemena-
ta izradeni su u programu Hypermesh 9.0, a analiza napreza-
nja obavljena je u programu ANSYS 12.1.

Kodiranje naprezanja i pomaka bojama

Vrijednosti naprezanja i pomaka vizualizirane su s po-
mocu ljestvice s oznakama boja. Minimalno naprezanje ili
pomak oznaéeno je plavom bojom, a maksimalno crvenom.
Medunijanse su oznacavale razli¢ite razine naprezanja ili po-
maka izmedu tih ekstrema.

Specifikacije hardvera
Racunalna analiza obavljena je na hardveru opremljenom

Intel Core 2 Duo procesorom, 4 GB RAM-a i tvrdim dis-
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RAM, and a 320 GB hard disk. These specifications ensured
sufficient computational power for modelling and simulating
stress distribution.

Results

Von Mises stress on implants (Table 1)

The distribution of von Mises stress across different re-
gions of the implants demonstrates the impact of varying im-
plant angulations.

In the crown region, stress levels progressively increase
from Implant 1A (51.72 MPa) to Implant 1C (54.26 MPa).
This trend suggests that increasing implant angulation am-
plifies the stress experienced by the crown, which could po-
tentially affect the long-term durability of the prosthetic
component (Figure 1).

For the implant body, Implant 1C exhibits the highest
stress (64.59 MPa), followed by Implant 1B (51.27 MPa) and
Implant 1A (44.3 MPa). This indicates that the implant body
is subjected to greater stress as the angulation increases. The
significantly higher stress on Implant 1C suggests that in-
creased angulation alters the load distribution, concentrating
more force on the implant itself (Figure 2).

In the hard bone region, stress also rises with increased an-
gulation. Implant 1A experiences the least stress (21.84 MPa),
while Implant 1C bears the highest stress (37.37 MPa). This
progression indicates that higher angulation transfers more
stress to the surrounding bone, potentially increasing the risk
of bone remodelling or resorption over time (Figure 3).

Overall, the results highlight that increasing implant an-
gulation shifts stress distribution, with higher stress values
observed in the crown, implant body, and hard bone. These
findings underscore the importance of carefully considering
angulation during implant placement to mitigate potential
mechanical complications.

Direction of force across implants (Table 2)

The direction of force analysis provides insights into the
biomechanical behavior of the implants under vertical load-
ing conditions across three axes (DX, DY, and DZ).

In the DX direction, the force remains consistent at
0.005 mm for all three implants (1A, 1B, and 1C). This uni-

Table1  von Mises stress on implants
Tablica 1. Von Misesovo naprezanje na implantatima
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kom od 320 GB. Te specifikacije osigurale su dovoljnu ra-
¢unalnu snagu za modeliranje i simuliranje raspodjele na-
prezanja.

Rezultati

Von Misesovo naprezanje na implantatima (tablica 1.)

Raspodjela von Misesova naprezanja po razlicitim po-
dru¢jima implantata pokazuje utjecaj razlicitih kutova na-
giba implantata.

U podruéju krunice razine naprezanja progresivno su ra-
sle od implantata 1A (51,72 MPa) do implantata 1C (54,26
MPa). Taj trend sugerira da povecanje kuta nagiba implan-
tata pojacava naprezanje kojemu je izvrgnuta krunica, $to bi
moglo utjecati na trajnost proteticke komponente (slika 1.).

Kad je rije¢ o tijelu implantata, implantat 1C pokazu-
je najvece naprezanje (64,59 MPa), a slijede implantat 1B
(51,27 MPa) i implantat 1A (44,3 MPa). To upucuje na to da
je tijelo implantata izlozeno ve¢em naprezanju kako se nagib
povecava. Znacajno veée naprezanje na implantatu 1C suge-
rira da pove¢ano naprezanje mijenja raspodjelu optere¢enja i
koncentrira vise sile na sam implantat (slika 2.).

U podrudju tvrde kosti naprezanje takoder raste s pove-
¢anim nagibom. Implantat 1A podnosio je najmanje napre-
zanje (21,84 MPa), a implantat 1C najveée (37,37 MPa). Ta
progresija pokazuje da veci kut nagiba prenosi viSe napreza-
nja na okolnu kost, $to potencijalno povecava rizik od preo-
blikovanja ili resorpcije kosti tijekom vremena (slika 3.).

Opéenito, rezultati pokazuju da povecanje kuta nagiba
implantata mijenja raspodjelu naprezanja, s vi§im vrijedno-
stima naprezanja uo¢enima u krunici, tijelu implantata i tvr-
doj kosti. Ti nalazi isticu vaznost pozornog razmatranja ku-
ta nagiba tijekom postavljanja implantata kako bi se ublazile
potencijalne mehanicke komplikacije.

Smijer sile duz implantata (tablica 2.)

Analiza smjera sile daje uvid u biomehanicko ponasanje
implantata u uvjetima vertikalnog optere¢enja duz triju osi
(DX, DY i DZ).

U DX smjeru sila ostaje konzistentna na 0,005 mm za sva
tri implantata (1A, 1B i 1C). Ta ujednacenost sugerira da la-

Region ¢ Podrudje

Implant 1A ¢ Implantat 1A

Implant 1B * Implantat 1B

Implant 1C ¢ Implantat 1C

(MPa) (MPa) (MPa)
Crown * Krunica 51.72 52.12 54.26
Implant * Implantat 44.3 51.27 64.59
Hard Bone ¢ Tvrda kost 21.84 28.5 37.37
Table2  Direction of force across implants 1A, 1B, and 1C

Tablica2 Smijer sile duz implantata 1A, 1B i 1C

Direction ® Smjer

Implant 1A ¢ Implantat 1A

Implant 1B * Implantat 1B

Implant 1C ¢ Implantat 1C

(mm) (mm) (mm)
DX 0.005 0.005 0.005
DY 0.0107 0.0124 0.0156
DZ 0.0016 0.0057 0.01
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Figure 1 von Mises stress on crown at 0°, 5°, and 10° implant angulation

Slika 1. Von Misesovo naprezanje na krunici pri nagibima implantata od 0°, 5° i 10°
Figure 2 von Mises stress on implant body at 0°, 5°, and 10° implant angulation
Slika 2. Von Misesovo naprezanje na tijelu implantata pri nagibima implantata od 0°, 5° i 10°
Figure 3 von Mises stress on bone at 0°, 5°, and 10° implant angulation

Slika 3. Von Misesovo naprezanje na kosti pri nagibima implantata od 0°, 5°i 10°
Figure 4 Force in DX direction at 0°, 5°, and 10° implant angulation

Slika 4. Sila u DX smjeru pri nagibima implantata od 0°, 5°i 10°

Figure 5 Force in DY direction at 0°, 5°, and 10° implant angulation

Slika 5. Sila u DY smjeru pri nagibima implantata od 0°, 5° i 10°

Figure 6 Force in DZ direction at 0°, 5°, and 10° implant angulation

Slika 6. Sila u DZ smjeru pri nagibima implantata od 0°, 5°i 10°
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formity suggests that the lateral displacement is unaffected
by variations in implant angulation (Figure 4).

For the DY direction, the force increases significantly
with angulation. Implant 1A exhibits the lowest displace-
ment (0.0107 mm), followed by Implant 1B (0.0124 mm),
and Implant 1C (0.0156 mm). The increase in displacement
along this vertical axis indicates that higher angulation re-
sults in greater vertical force transfer, which could influence
the load-bearing capacity of the implant and surrounding
structures (Figure 5).

In the DZ direction, force displacement also rises with
angulation. Implant 1A has the least displacement (0.0016
mm), while Implant 1C experiences the highest (0.01 mm).
This trend suggests that increasing angulation introduces
higher anteroposterior forces, potentially affecting the stabil-
ity of the implant in this plane (Figure 6).

The overall force analysis highlights that implant angu-
lation significantly impacts force distribution, particularly
along the DY and DZ directions, while the DX direction re-
mains constant. Implant 1C, with the highest angulation,
consistently demonstrates the greatest force values across
these axes. This suggests that angulation has a substantial
influence on the biomechanical behavior of implants, which
could have implications for clinical decision-making and
long-term outcomes.

Discussion

The biomechanical stability of dental implants is a criti-
cal determinant of their long-term success (14). Stress distri-
bution and force dynamics play a pivotal role in influencing
implant outcomes, particularly in relation to surround-
ing bone health, prosthetic survival, and overall function-
al performance (14). This study sought to evaluate the ef-
fect of implant angulation on stress distribution and force
directions within Nobel Active implants and their associated
crowns, under vertical loading conditions. The findings pro-
vide valuable insights into the interplay between implant de-
sign, angulation, and biomechanical responses, which have
been elaborated below with comparisons to the available lit-
erature.

Effect of implant angulation on stress distribution

The results demonstrate that increasing implant angula-
tion amplifies stress levels in all evaluated regions-the crown,
implant body, and surrounding hard bone. In the crown re-
gion, von Mises stress increased from 51.72 MPa in Implant
1A (0° angulation) to 54.26 MPa in Implant 1C (10° angu-
lation). These findings align with previous studies that have
reported higher stresses in prosthetic components when im-
plant angulation increases, attributing this to altered load
transfer mechanics (16, 17). The increase in stress levels with
angulation could predispose crowns to microfractures or fail-
ure over time, necessitating robust material selection and de-
sign for prosthetic components (3).

The implant body experienced the most significant stress
amplification, with values rising from 44.3 MPa in Implant
1A to 64.59 MPa in Implant 1C. Similar trends have been
observed in studies employing finite element analysis (FEA),

Biomechanical Analysis in Nobel Active Implants .

teralni pomak nije pod utjecajem varijacija nagiba implanta-
ta (slika 4.).

Za DY smijer sila se znacajno povecava s kutom nagiba.
Implantat 1A pokazuje najmanji pomak (0,0107 mm), a sli-
jede implantati 1B (0,0124 mm) i 1C (0,0156 mm). Pove-
¢anje pomaka duz ove vertikalne osi upucuje na to da ve¢i
kut rezultira ve¢im vertikalnim prijenosom sile, $to bi moglo
utjecati na nosivost implantata i okolnih struktura (slika 5.).

U DZ smjeru pomak sile takoder raste s kutom. Implan-
tat 1A ima najmanji pomak (0,0016 mm), a implantat 1C
najvedi (0,01 mm). Taj trend sugerira da povecanje kuta uvo-
di vece anteroposteriorne sile, Sto potencijalno utjece na sta-
bilnost implantata u toj ravnini (slika 6.).

U ukupnoj analizi sile isti¢e se da kut nagiba implanta-
ta znacajno utje¢e na raspodjelu sile, posebno duz smjerova
DY i DZ, a smjer DX ostaje konstantan. Implantat 1C, s naj-
ve¢im kutom nagiba, dosljedno pokazuje najvece vrijedno-
sti sile duz ovih osi. To sugerira da kut nagiba ima znacajan
utjecaj na biomehanic¢ko ponasanje implantata, $to bi moglo
imati implikacije kad je rije¢ o klini¢kom donosenju odluka
i dugoro¢nim ishodima.

Rasprava

Biomehanicka stabilnost dentalnih implantata klju¢na je
odrednica njihova dugoro¢nog uspjeha (14). Raspodjela na-
prezanja i dinamika sile klju¢ne su za ishode implantata, po-
sebno u odnosu na zdravlje okolne kosti, prezivljavanje pro-
teticke suprastrukture i ukupne funkcijske performanse (14).
Autor ove studije nastojao je procijeniti uc¢inak kuta implan-
tata na raspodjelu naprezanja i smjerove sile unutar implan-
tata Nobel Active i njihovih povezanih krunica u uvjetima
vertikalnog optere¢enja. Nalazi pruzaju vrijedne uvide u me-
dudjelovanje dizajna implantata, kuta nagiba i biomehani¢-
kih odgovora koji su u nastavku podrobnije opisani, uz uspo-
redbe s dostupnom literaturom.

Utjecaj nagiba implantata na raspodjelu naprezanja

Rezultati pokazuju da povecanje kuta implantata pojaca-
va razinu naprezanja u svim procijenjenim podrudjima — u
krunici, tijelu implantata i okolnoj tvrdoj kosti. U podrucju
krunice von Misesovo naprezanje povecalo se s 51,72 MPa u
implantatu 1A (kut od 0°) na 54,26 MPa u implantatu 1C
(kut nagiba od 10°). Ti nalazi u skladu su s prethodnim stu-
dijama u kojima su autori izvijestili o ve¢im naprezanjima u
protetickom komponentama kada se kut nagiba implantata
poveca, pripisujuci to promijenjenoj mehanici prijenosa opte-
re¢enja (16, 17). Povecanje razine naprezanja s nagibom mo-
glo bi predisponirati krunice za mikrofrakture ili otkazivanje
tijekom vremena, $to zahtijeva odabir otpornog materijala i
dizajna za proteticke komponente (3).

Tijelo implantata dozZivijelo je najznacajnije povecanje na-
prezanja, s vrijednostima koje su porasle s 44,3 MPa u im-
plantatu 1A na 64,59 MPa u implantatu 1C. Sli¢ni trendo-
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where steeply angled implants exhibit higher stress concen-
trations within their bodies due to non-axial force compo-
nents (12, 18). This phenomenon underscores the impor-
tance of optimizing implant angulation during placement to
prevent mechanical overload and potential implant fractures.

In the surrounding hard bone, stress levels also increased
with angulation, from 21.84 MPa in Implant 1A to 37.37
MPa in Implant 1C. Excessive stress in the peri-implant bone
has been associated with bone remodeling and potential re-
sorption, which could compromise osseointegration and im-
plant stability over time (17). Notably, studies have shown
that peri-implant bone loss is more pronounced in angulated
implants, particularly in regions experiencing higher stress
(18, 20). These findings emphasize the need for precise surgi-
cal planning to mitigate stress-induced bone changes.

Force direction and implant stability

The force direction analysis revealed distinct patterns
across the three axes (DX, DY, and DZ). While the DX di-
rection remained constant at 0.005 mm across all angula-
tions, forces in the DY and DZ directions increased with
angulation. The highest forces were recorded in the DY di-
rection for Implant 1C (0.0156 mm), followed by Implant 1B
(0.0124 mm) and Implant 1A (0.0107 mm). The DZ direc-
tion also showed a similar trend, with forces increasing from
0.0016 mm in Implant 1A to 0.01 mm in Implant 1C.

The observed increase in vertical (DY) and anteroposte-
rior (DZ) forces with angulation is consistent with existing
research, which highlights that angulated implants experi-
ence more complex force vectors due to non-axial loading
(21). These forces can alter load distribution within the im-
plant-prosthesis complex and surrounding structures, poten-
tially leading to mechanical and biological complications. It
has been indicated that increased forces along the DZ axis
may contribute to micromovement at the bone-implant in-
terface, jeopardizing osseointegration (22). Moreover, elevat-
ed DY forces can increase stress in the prosthetic compo-
nents, as observed in the present study, potentially affecting
their longevity.

Clinical implications of stress and force analysis

The findings of this study hold significant clinical rele-
vance, particularly in guiding implant placement strategies.
Angulated implants are often employed in cases where ana-
tomical constraints, such as maxillary sinus proximity or in-
sufficient alveolar bone, preclude the use of straight implants.
While angulation can enhance prosthetic alignment and es-
thetics, the associated increase in stress levels and force mag-
nitudes warrants careful consideration (3,23).

One critical aspect is the selection of implant materials
and designs that can withstand higher stresses. Nobel Ac-
tive implants, used in this study, are designed with a unique
thread geometry that enhances primary stability and stress
distribution. However, even with advanced designs, the
stress amplification observed with increased angulation un-
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vi uoceni su u studijama u kojima je primijenjena analiza
kona¢nih elemenata (FEA), gdje strmo nagnuti implantati
pokazuju ve¢e koncentracije naprezanja unutar svojih tijela
zbog neaksijalnih komponenta sile (12, 18). Taj fenomen isti-
¢e vaznost optimizacije kuta implantata tijekom postavljanja
da bi se sprijecilo mehanicko preoptere¢enje i potencijalno
puknuée implantata.

U okolnoj tvrdoj kosti razine naprezanja takoder su se
povecavale s nagibom, od 21,84 MPa u implantatu 1A do
37,37 MPa u implantatu 1C. Prekomjerno naprezanje u peri-
implantatnoj kosti povezano je s preoblikovanjem kosti i po-
tencijalnom resorpcijom, $to bi s vremenom moglo ugroziti
oseointegraciju i stabilnost implantata (17). U studijama je
istaknuto da je gubitak periimplantatne kosti izrazeniji kod
nagnutih implantata, posebno u regijama s ve¢im napreza-
njem (18, 20). Ti nalazi isti¢u potrebu za preciznim kirur-
skim planiranjem kako bi se ublazile promjene kosti prou-
zrocene naprezanjem.

Smijer sile i stabilnost implantata

Analiza smjera sile otkrila je razli¢ite obrasce duz triju osi
(DX, DY i DZ). Dok je smjer DX ostao konstantan na 0,005
mm u svim nagibima, sile u smjerovima DY i DZ povecavale
su se s kutom nagiba. Najvece sile zabiljezene su u smjeru DY
za implantat 1C (0,0156 mm), zatim za implantat 1B (0,0124
mm) i implantat 1A (0,0107 mm). Smjer DZ takoder je po-
kazao sli¢an trend, s porastom sila od 0,0016 mm u implan-
tatu 1A do 0,01 mm u implantatu 1C.

Uoceno povecanje vertikalnih (DY) i anteroposteriornih
(DZ) sila s kutom nagiba u skladu je s postoje¢im istraziva-
njima u kojima autori isti¢u da na nagnute implantate djeluju
slozeniji vektori sile zbog neaksijalnog opterecenja (21). Te si-
le mogu promijeniti raspodjelu optere¢enja unutar komplek-
sa implantat — proteticka suprastruktura i okolnih struktura,
$to potencijalno izaziva mehanicke i bioloske komplikacije.
Pokazalo se da povecane sile duz osi DZ mogu pridonije-
ti mikropomicanju na spoju kosti i implantata, ugrozavaju-
¢i oseointegraciju (22). Stovise, povecane DY sile mogu po-
vecati naprezanje u protetickim komponentama, kao $to je
uoceno u ovom istrazivanju, $to potencijalno utje¢e na nji-
hovu dugovjecnost.

Klinicke implikacije analize naprezanja i sile

Nalazi uz ove studije imaju znacajnu klinicku vaznost,
posebno u vodenju strategija postavljanja implantata. Na-
koSeni implantati ¢esto se primjenjuju u slu¢aju kada ana-
tomska ogranicenja, poput blizine maksilarnog sinusa ili
nedovoljne alveolarne kosti, sprjecavaju upotrebu ravnih im-
plantata. lako nagib moze olaksati proteticko rjesenje i po-
boljsati estetiku, povezano povecanje razine naprezanja i ma-
gnitude sile zahtijeva pozorno razmatranje (3, 23).

Jedan kriti¢ni aspekt jest odabir materijala i dizajna im-
plantata koji mogu izdrzati ve¢a naprezanja. Implantati No-
bel Active, upotrijebljeni u ovoj studiji, dizajnirani su s je-
dinstvenom geometrijom navoja koja poboljsava primarnu
stabilnost i raspodjelu naprezanja. No ¢ak i kod naprednih
dizajna, pojacanje naprezanja uoceno s pove¢anim nagibom
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derscores the need for meticulous planning to balance func-
tional and mechanical demands (24).

Another consideration is the role of prosthetic materials
in mitigating stress-related complications. Zirconia crowns,
utilized in this study, offer high flexural strength and frac-
ture resistance, making them suitable for high-stress envi-
ronments. Nonetheless, alternative materials, such as lithium
disilicate or reinforced ceramics, could be explored for cases
with extreme angulation to further enhance durability (25).

Comparison with previous studies

The results of this study align with the broader body of
literature exploring the biomechanical impact of implant an-
gulation. Geng et al. reported that stress concentrations are
higher in angulated implants, particularly in the cervical re-
gion of the bone and implant body. (26). Similar trends were
observed by Oswal et al. (2016), who highlighted that non-
axial forces in angulated implants exacerbate stress levels in
both prosthetic and peri-implant regions (9). These findings
reinforce the notion that angulation introduces biomechan-
ical challenges that must be addressed through thoughtful
planning and material selection.

However, some studies suggest that moderate angula-
tions (up to 15°) may not significantly compromise implant
stability if appropriate prosthetic and surgical techniques are
employed (27). For example, the use of customized abut-
ments to correct angulation discrepancies has been shown to
mitigate stress concentrations, thereby improving load distri-
bution (28). These strategies highlight the potential for op-
timizing outcomes in angulated implant cases, even in chal-
lenging scenarios.

Limitations of the study

Despite its valuable contributions, this study has certain
limitations that should be acknowledged. First, the use of fi-
nite element analysis, while highly effective for simulating
clinical scenarios, may not fully replicate the complex biome-
chanical environment of the oral cavity. Factors such as dy-
namic loading, soft tissue interactions, and long-term bone
remodelling were not accounted for in the analysis. Addition-
ally, the study focused solely on vertical loading conditions,
whereas masticatory forces in vivo often involve oblique and
lateral components that could influence stress distribution.

Another limitation is the exclusive use of Nobel Active
implants and zirconia crowns. While these components rep-
resent widely used options in implant dentistry, the findings
may not be directly extrapolated to other implant systems
or prosthetic materials with differing mechanical properties.
Future studies could explore a broader range of designs and
materials to provide more comprehensive insights.

Future directions

Building on the findings of this study, future research
could adopt a more holistic approach by incorporating dy-
namic loading conditions and patient-specific anatomical
models. The use of advanced imaging techniques, such as
micro-CT or 3D printing, could enhance the accuracy of fi-
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isti¢e potrebu za pomnim planiranjem kako bi se uravnote-
zili funkcijski i mehanicki zahtjevi (24).

Drugo razmatranje jest uloga protetickih materijala u
ublazavanju komplikacija povezanih s naprezanjem. Cirko-
nijske krunice, upotrijebljene u ovom istrazivanju, imaju vi-
soku savojnu ¢vrsto¢u i otpornost na puknuée, $to ih ¢ini
prikladnima za okruzenja s visokim naprezanjem. Ipak, al-
ternativni materijali, poput litijeva disilikata ili ojacane kera-
mike, mogli bi se istraziti za slucajeve s ekstremnim nagibom

kako bi se dodatno poboljsala trajnost (25).

Usporedba s dosadasnjim studijama

Rezultati ove studije podudaraju se s onima u literaturi
koja istrazuje biomehanicki utjecaj nagiba implantata. Geng
i suradnici izvijestili su da su koncentracije naprezanja ve-
¢e s nakosenim implantatima, posebno u cervikalnom po-
drudju kosti i tijela implantata (26). Sli¢ne trendove uocili su
Oswald i suradnici (2016.) koji su istaknuli da neaksijalne si-
le kod nakosenih implantata pogorsavaju razinu naprezanja
i u protetickim komponentama i u periimplantnom podru¢-
ju (9). Ti nalazi pojacavaju ideju da angulacija uvodi biome-
hanicke izazove koji se moraju rijesiti promisljenim planira-
njem i odabirom materijala.

No autori nekih studija sugeriraju da umjereno nakosava-
nje (do 15°) ne mora znacajno ugroziti stabilnost implantata
ako se upotrebljavaju odgovarajuce proteticke i kirurske teh-
nike (27). Primjerice, pokazalo se da upotreba prilagodenih
implantatnih nadogradnji za ispravljanje odstupanja kutova
nagiba ublazava koncentracije naprezanja, ¢ime se poboljsava
raspodjela optere¢enja (28). Te strategije isticu potencijal za
optimizaciju ishoda u slu¢aju nakosenih implantata, ¢ak i u
izazovnim scenarijima.

Ogranicenja istrazivanja

Unato¢ vrijednim doprinosima, ovo istrazivanje ima
odredena ogranicenja koja treba uzeti u obzir. Prvo je da pri-
mjena metode konacnih elemenata, iako vrlo u¢inkovita za
simuliranje klinickih scenarija, mozda nece potpuno replici-
rati slozeno biomehani¢ko okruzenje usne $upljine. Cimbe-
nici poput dinamickog optereéenja, interakcija mekih tkiva i
dugoro¢nog preoblikovanja kosti u analizi nisu uzeti u obzir.
Uz to, autor studije usredotocio se isklju¢ivo na uvjete verti-
kalnog optere¢enja, a zvacne sile i vivo ¢esto ukljucuju ko-
se i lateralne komponente koje bi mogle utjecati na raspodje-
lu naprezanja.

Jos jedno ogranicenje jest iskljuciva upotreba implanta-
ta Nobel Active i cirkonijskih krunica. Iako su te komponen-
te Cesto koristene opcije u implantologiji, nalazi se mozda
ne mogu izravno ekstrapolirati na druge sustave implantata
ili proteticke materijale s razli¢itim mehanickim svojstvima.
Buduca istrazivanja mogla bi se usmjeriti na $iri raspon dizaj-
na i materijala kako bi pruzila sveobuhvatnije uvide.

Trendovi

Nadovezujuéi se na rezultate ove studije, u buduéim istra-
zivanjima mogao bi se primijeniti pristup ukljuc¢ivanja dina-
mickih uvjeta optere¢enja i anatomskih modela specifi¢nih
za pacijenta. Upotreba naprednih tehnika snimanja, poput
mikro-CT-a ili 3D ispisa, mogla bi poboljsati to¢nost modela
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nite element models and provide a more realistic represen-
tation of clinical scenarios. Additionally, long-term clinical
studies are needed to validate the iz vitro findings and assess
the impact of implant angulation on survival rates and pa-
tient outcomes.

Exploring the role of adjunctive strategies, such as guid-
ed bone regeneration or ridge augmentation, in mitigating
stress-related complications in angulated implants could also
be valuable. Furthermore, the development of novel implant
designs and materials tailored to high-stress environments
could revolutionize the management of complex implant
cases.

Conclusion

This study underscores the significant influence of im-
plant angulation on stress distribution and force dynam-
ics in Nobel Active implants and their crowns. The findings
highlight that increasing angulation amplifies stress levels
in the crown, implant body, and hard bone, while also in-
creasing force magnitudes in the vertical and anteroposteri-
or directions. These results have important implications for
clinical practice, emphasizing the need for precise surgical
planning, optimal material selection, and advanced prosthet-
ic techniques to minimize complications and enhance long-
term outcomes. By integrating these insights with future ad-
vancements in implant design and technology, clinicians can
achieve predictable and durable results in angulated implant
cases.
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kona¢nih elemenata i dati realisti¢niji prikaz klinickih scena-
rija. Uz to, potrebna su dugoroc¢na klini¢ka istrazivanja kako
bi se potvrdili nalazi in vitro i procijenio utjecaj kuta implan-
tata na stope prezivljavanja i ishode kod pacijenata.

Vrijedno bi bilo i istrazivanje uloge pomo¢nih strategija,
poput vodene regeneracije kosti ili augmentacije grebena u
ublazavanju komplikacija povezanih sa stresom kod kutnih
implantata. Nadalje, razvoj novih dizajna implantata i ma-
terijala prilagodenih okruzenjima s visokim stresom mogao
bi revolucionirati lije¢enje slozenih slu¢ajeva implantatima.

Zakljuc¢ak

U ovom istrazivanju isti¢e se znacajan utjecaj kuta na-
giba implantata na raspodjelu naprezanja i dinamiku sile u
implantatima Nobel Active i pripadaju¢im krunicama. Na-
lazi isti¢u da povecanje nagiba poja¢ava razinu naprezanja u
krunici, tijelu implantata i tvrdoj kosti, a istodobno poveca-
va veli¢inu sile u vertikalnom i anteroposteriornom smjeru.
Ovi rezultati sadrzavaju vazne implikacije za klini¢ku prak-
su, isti¢uéi potrebu za preciznim kirurskim planiranjem, op-
timalnim odabirom materijala i naprednim protetic¢kim teh-
nikama kako bi se minimizirale komplikacije i poboljsali
dugoro¢ni rezultati. Integracijom tih spoznaja s buduc¢im na-
pretkom u dizajnu i tehnologiji implantata, klini¢ari mogu
postic¢i predvidljive i trajne rezultate u slu¢ajevima implanta-
ta s ve¢im nagibom.

Sukob interesa: Autor nije bio u sukobu interesa.
Financiranje: Nije bilo vanjskog financiranja.

Doprinos autora: B. V. — organizacija i provedba istrazivanja, pisanje
i lektoriranje teksta, vodenje rasprave, osiguravanje financiranja, su-
djelovanje u eksperimentalnom dizajnu

Zaprimljen: 28. travnja 2025.

Svrha rada: Cilj je bio istraziti raspodjelu naprezanja i smjer sile na implantatima Nobel Active i pripa-
dajuc¢im krunicama pod razlicitim nagibima implantata primjenom metode konacnih elemenata. Ma-
terijali i metode: Trodimenzionalna analiza konaénih elemenata provedena je na implantatima No-
bel Active s cirkonijskim krunicama. Implantati su modelirani pod nagibima od 0°, 5°i 10°. Vertikalna
opterecenja od 300 N primijenjena su za simulaciju zvacnih sila. Raspodjela naprezanja (von Mise-
sovo naprezanje) i smjerovi sile (DX, DY, DZ) analizirani su duz krunice, tijela implantata i tvrde ko-
sti. Rezultati: Povecani nagib implantata pojacao je naprezanje u svim regijama. Krunica je pokazala
razine naprezanja od 51,72 MPa (0°), 52,12 MPa (5°) i 54,26 MPa (10°). Tijelo implantata pokazalo
je naprezanje u rasponu od 44,3 MPa (0°) do 64,59 MPa (10°). Naprezanje tvrde kosti povecalo se s
21,84 MPa (0°) na 37,37 MPa (10°). Smjerovi sile pokazali su najveci pomak u osi DY, povecavajuci
se 0d 0,0107 mm (0°) do 0,0156 mm (10°). Zaklju¢ak: Nagib implantata znacajno utjece na raspodje-
lu naprezanja i dinamiku sile. Veci kut povecava naprezanje u krunici, tijelu implantata i tvrdoj kosti,
a istodobno pojacava vertikalne i iteroposteriorne sile. Ti nalazi isticu vaznost preciznog planiranja
kuta i odabira materijala za optimizaciju performansi i dugovjecnosti implantata.

Prihvaéen: 14. srpnja 2025.
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dr. Vinod Bandela

Zavod za stomatolosku protetiku
Stomatoloski fakultet, Sveuciliste Jouf
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Arabija.

dr.vinod.bandela@jodent.org
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