ACTA
STOMATOLOGICA
CROATICA

www.ascro.hr
OPEN ACCESS

Bige Koc Ata?, Deniz Sen?, Fusun Ozer?, Markus B. Blatz*

Acta stomatol Croat. 2026;60(1):43-57.
DOI: 10.15644/asc60/1/3

ORIGINAL SCIENTIFIC PAPER
IZVORNI ZNANSTVENI RAD

@029

Effect of Sterilization and Repeated Use on the Deviations of
PEEK and Titanium Monoblock Scanbodies

Utjecaj sterilizacije i ponovljene upotrebe PEEK i titanskih
monoblok tijela na tocnost skeniranja

! PhD Student, Istanbul University, Institute of Graduate Studies in Health Sciences, Department of Prosthodontics, Istanbul, Turkey
, Sveuciliste u Istanbulu, Institut za poslijediplomske studije zdravstvenih znanosti, Odjel za protetiku, Istanbul, Turska
Professor, Department of Prosthodontics, Istanbul University Faculty of Dentistry, Istanbul, Turkey
Sveuciliste u Istanbulu, Stomatoloski fakultet, Odjel za protetiku, Istanbul, Turska
3 Professor, School of Dental Medicine, Department of Preventive and Restorative Sciences, University of Pennsylvania, Philadelphia, PA

19104, USA.

Sveuciliste Pennsylvania, Stomatoloski fakultet, Odjel za preventivne i restaurativne znanosti, Philadelphia, PA 19104, SAD

Abstract

Objective: The study aimed to evaluate the effects of multiple sterilization cycles and repeated clin-
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ical use on the stability of monoblock titanium and PEEK scanbodies. Materials and Methods: Ten

monoblock titanium and PEEK scanbodies were paired up, thus forming a total of ten study groups.
Each pair was scanned using an intraoral scanner to record a reference scan. Study groups under-
went 30 cycles of tightening, loosening and sterilization, respectively. Scanning was performed after
every five cycles, resulting in six study scans per group. Linear (AX, AY and AZ-axis), angular (AAN-
GLE) and three-dimensional (Euclidean distance, AEUC) deviations were calculated and compared us-
ing two-way ANOVA test. Results: The number of repeated cycles was insignificant on scanbody devi-
ations for both of the scanbody materials (p>0.05). The scanbody material had a significant impact,
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with titanium scanbodies demonstrating significantly higher deviations in AX, AZ and AEUC com-

pared to PEEK scanbodies (p<0.05). Conclusion: PEEK scanbodies provided more accurate and con-

sistent digital scans than titanium.
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Introduction

Recent advancements in digital dentistry have provided
innovative alternatives to traditional impression techniques
with the use of digital scanning systems. Digital scanning
systems generally involve a scanner and associated software
to process the captured data. Digital scans are obtained by
capturing optical data directly from a patient’s oral struc-
tures or indirectly from a diagnostic or definitice cast (1). In-
traoral scanners capture the surface details of teeth, tissues,
restorations and implant components by projecting light and
analyzing reflection to create precise digital models. These
models are available immediately for storage, analysis and
use in a various clinical applications, thus improving both
diagnosis and treatment planning (2-5).

A precise and accurate transfer of the 3-dimensional (3D)
implant position is required for passive fit of implant-sup-
ported restorations to the generated digital models. The pas-
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Uvod

Napredak u digitalnoj stomatologiji omogucio je ino-
vativne  alternative  tradicionalnim  tehnikama otisa-
ka koristenjem digitalnih sustava za skeniranje. Ti sustavi
opéenito uklju¢uju skener i pridruzeni softver za obra-
du snimljenih podataka. Digitalni skenovi dobivaju se sni-
manjem optickih podataka izravno u pacijentovim ustima,
ili neizravno skeniranjem dijagnostickoga ili radnoga mod-
ela (1). Intraoralni skeneri snimaju povrsinske detalje zuba,
tkiva, restauracija i komponenti implantata projiciranjem sv-
jetlosti i analizom refleksije kako bi stvorili precizne digi-
talne modele. Ti modeli pobolj$avaju dijagnozu i planiran-
je terapije tako $to su odmah dostupni za pohranu, analizu i
koristenje u raznim klini¢kim primjenama (2 - 5).

Precizan i to¢an prijenos trodimenzionalnoga (3D)
polozaja implantata potreban je za pasivan dosjed
implantoprotetickih nadomjestaka na generirane digitalne
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sive fit prevents static loads that may form on implants, the
prosthetic superstructures or the surrounding tissues, which
eventually leads to biological and mechanical complications
(6-8). Implant scanbodies are used to acquire accurate digi-
tal scans, which is crucial for long term stability and mainte-
nance of implant-supported restorations (9). Scanbodies are
defined as markers referring to a transfer coping that is con-
nected to an implant or a multiunit abutment intraorally (1).

Implant scanbodies consist of three components: scan re-
gion, body, and the base. Scanbodies digitally register the
implant’s position and angulation. Their asymmetrical, flat-
surfaced geometry improves indexing and surface recogni-
tion within CAD (computer aided design) software. Mul-
tiple scan regions provide additional reference points, thus
enhancing accuracy as intraoral scanners capture point-
cloud data. Scanbodies vary in height and diameter, and
their mating surface ensures precise seating on the implant
platform (9).

Scanbody components when manufactured from the
same material are called monoblock. However, scanbodies
that combine different materials are also in the market, and
are called hybrid scanbodies (9-13). Material selection in the
manufacturing of scanbody components is one of the im-
portant factors that influence the scanbody performance and
subsequently the scan accuracy (14-16). The optical proper-
ties of materials used in the scan region directly affect the
scanner’s ability to detect reference points. Meanwhile, me-
chanical properties and design of the base component de-
termine how precisely the scanbody fits to the implant plat-
form. A tapered connection between the scanbody base and
the implant platform or a material mismatch may cause scan-
body to displace from its proper position. These consider-
ations are particularly important since scanbodies are gener-
ally designed for multiple uses in clinical practice (9, 11-14,
17).

Materials including poly (ether-ether-ketone) (PEEK)
and titanium are used in manufacturing of scanbodies (9,11).
Titanium scanbodies are available for multiple uses and are
highly resistant to frictional wear. The radiopacity of titani-
um scanbodies allow the radiographic verification of proper
seating and connection between the scanbody base and the
implant platform. Matte and anodized titanium scanbody
surfaces can be manufactured. However, their underlying
reflective surface properties may still cause significant chal-
lenges for digital scanning, often leading to inaccuracies in
scan data (9, 11-13). Additionally, their enhanced mechani-
cal properties contribute to higher production costs. As a re-
sult, single use PEEK scanbodies have become the preferred
choice for routine clinical practice (18).

PEEK is a thermoplastic polymer with sufficient me-
chanical properties for most dental applications. However,
compared to titanium, PEEK demonstrates lower mechani-
cal strength and increased susceptibility to wear over time.
Additionally, the radiolucent nature of the PEEK prevents
radiographic verification of proper scanbody seating, which
may compromise clinical outcomes (19-21). The tendency to
repeatedly use single use scanbodies has been investigated
in recent studies. The effect of sterilization and multiple us-
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modele. Takav dosjed sprjecava staticka optere¢enja koja se
mogu stvoriti na implantatima, protetickim suprastruktura-
ma ili okolnim tkivima, $to na kraju rezultira bioloskim i
mehanickim komplikacijama (6 — 8). Nadogradnje za ske-
niranje implantata koriste se za dobivanje to¢nih digitalnih
skenova, $to je kljuéno za dugoro¢nu stabilnost i odrzavanje
implantoprotetic¢kih nadomjestaka (9). Nadogradnje za skeni-
ranje definirane su kao markeri, tj. transferni nastavak koji je
intraoralno spojen na implantat ili multiunit nadogradnju (1).
Nadogradnje za skeniranje implantata sastoje se od triju
komponenata: zone skeniranja, tijela i baze. One digitalno
registriraju polozaj i nagib implantata. Njihova asimetri¢na
geometrija s ravnom povr$inom poboljsava indeksiranje i
prepoznavanje povrsine unutar CAD softvera (racunalno
potpomognuto projektiranje). Vise podrudja skeniranja
obuhvaca dodatne referentne tocke, povecavajuéi to¢nost, a
intraoralni skeneri biljeze podatke o oblaku to¢aka. Nado-
gradnje za skeniranje razlikuju se po visini i promjeru, a
njihova spojna povrsina osigurava precizno postavljanje na
platformu implantata (9). Komponente nadogradnje za ske-
niranje, kada su proizvedene od istog materijala, nazivaju se
monoblok. Medutim, nadogradnje za skeniranje s kombi-
nacijom razli¢iihe materijala takoder su na trzitu i nazivaju
se hibridne nadogradnje za skeniranje (9 — 13). Odabir ma-
terijala u proizvodnji komponenti nadogradnja za skeniranje
jedan je od vaznih ¢imbenika koji utje¢u na njihove perfor-
manse, a time i na to¢nost skeniranja (14 — 16). Opticka svo-
jstva materijala koristenih u zoni skeniranja izravno utjecu
na mogucnost skenera da detektira referentne tocke. S dru-
ge strane, mehanicka svojstva i dizajn osnovne komponente
odreduju koliko precizno nadogradnja za skeniranje sjeda u
platformu implantata. Konusni spoj izmedu baze nadograd-
nje za skeniranje i platforme implantata ili neuskladenost
materijala mogu prouzrociti pomicanje nadogradnje za ske-
niranje iz ispravnog polozaja. Ta razmatranja posebno su
vazna jer su nadogradnje za skeniranje opéenito dizajnirane
za viSestruku upotrebu u klinickoj praksi (9, 11 — 14, 17).
Materijali, ukljucujuéi poli(eter-eter-keton) (PEEK) i ti-
tanij, upotrebljavaju se u proizvodnji nadogradnji za ske-
niranje (9, 11). Titanijske nadogradnje pogodne su za
viSestruku upotrebu i vrlo su otporne na trenje. Njihova
radioloska gusto¢a omogucuje rendgensku provjeru pravil-
noga dosjeda i veze izmedu baze nadogradnje za skeniranje i
platforme implantata. Mogu se proizvesti mat i anodizirane
povrsine titanijskih nadogradnji za skeniranje. No njiho-
va temeljna reflektiraju¢a povrsinska svojstva i dalje mogu
prouzrociti znacajne poteskoce pri digitalnom skeniranju pa
su Ceste neto¢nosti u skeniranim podatcima (9, 11 — 13). Uz
to, njihova poboljsana mehanicka svojstva pridonose ve¢im
troskovima proizvodnje. Kao rezultat toga, jednokratne
PEEK nadogradnje za skeniranje postale su preferirani iz-
bor za rutinsku klini¢ku praksu (18). PEEK je termoplasti¢ni
polimer sa zadovoljavajuéim mehanickim svojstvima za
ve¢inu stomatoloskih primjena. No u usporedbi s titanijem
PEEK ima manju mehani¢ku ¢vrstoéu i povecanu osjetlji-
vost na trodenje tijekom vremena. Osim toga, radiolucentna
priroda PEEK-a ne dopusta rendgensku provjeru pravilno-
ga namjestanja nadogradnje za skeniranje, $to moze ugroziti
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age cycles on scanbody deviations was evaluated (18, 22-26).
It has been reported that accurate results can be achieved
with scanbodies when used according to the manufacturer’s
instructions (14). However, information regarding clinical-
ly acceptable error thresholds following repeated usage and
sterilization cycles is limited (6,18).

In clinical practice, achieving precise and accurate digi-
tal scans is essential for successful outcomes. However, there
remains a significant need for further research to determine
the clinically acceptable margin of error for scanbodies that
undergo repeated use and autoclave sterilization. This study
aimed to evaluate the impact of multiple sterilization cy-
cles and repeated clinical usage on the stability of monob-
lock scanbodies. The null hypothesis stated that scanbody
material and the number of deformative cycles on scanbod-
ies (repeated use and sterilization) have no significant effect
on scanbody deviations.

Materials and Methods

Master model preparation and reference scan
In this study, two dental implants BioHorizon Ta-

pered Internal Implant (BIOHORIZONS, Birmingham
(AL), USA) (3.8 x 10.5 mm) and Tecom Implant REP (T1-
TANMED S.r.], Valmadrera (LC), ITALY) (3.5 x 10 mm)
were placed in a polymethylmethacrylate (PMMA) partial
dentate mandibular model, thus simulating the positions of
right first premolar and right first molar. The center-to-center
distance between the implants was standardized to 15 mm
and their axial angulations were adjusted to be parallel to
each other. A surveying device was used to perform drilling
and implant placement to eliminate positional errors.

Ten monoblock titanium and ten monoblock PEEK
scanbodies (diameter 3.5 mm; Medentika R1400 and ACT
SCANBODY AE NP) with similar non-conical connection
designs were used in this iz vitro study. Scanbodies were
paired up to form study groups, each study group pair in-
cluded one monoblock titanium and one monoblock PEEK
scanbody. A total of 10 study groups were formed. Scanbod-
ies of each study group screw-retained onto the implants with
a torque of 10 Ncm using a digital torque-limiting device, ac-
cording to manufacturer’s instructions (Figure 1). The pow-
er analysis was conducted based on the displacement values
along the x-axis after sterilization from the study by Diker ez
al., (26) using a software program (G* Power 3.1.9.4). With
a power of 95%, an effect size of 0.97, and an alpha value of
0.05, the minimum sample size was calculated as 12 (6 for
each scanbody group). In this study, the sample size of each
scanbody type was determined as n=10.

Each study group was scanned using a calibrated intra-
oral scanner (Primescan Connect version: 5.2.9, Sirona Den-
tal Systems, Germany) prior to any deformative treatment.
The acquired data were exported in standard tessellation lan-
guage (STL) format (ISO 12836), and were used as base-
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klinicke ishode (19 — 21). U¢inci ponovljene upotrebe nado-
gradnji za skeniranje za jednokratnu upotrebu istrazivali su
autori nedavnih studija. Procijenjivali su ucinak sterilizacije
i visestrukih ponovljenih ciklusa na odstupanja nadogradnji
za skeniranje (18, 22 — 20). Izvijestili su da se to¢ni rezulta-
ti mogu posti¢i nadogradnjama za skeniranje ako se koriste
prema uputama proizvodaca (14), ali ogranic¢ene su infor-
macije o klinicki prihvatljivim pragovima pogreske nakon
ponovljene upotrebe i ciklusa sterilizacije (6, 18).

U klinickoj praksi je postizanje preciznih i to¢nih dig-
italnih skenova klju¢no za uspjesne ishode. No i dalje su
itckako potrebna daljnja istrazivanja kako bi se odredila
klinicki prihvatljiva margina pogreske za nadogradnje za ske-
niranje koje se podvrgavaju sterilizaciji u autoklavu i ponov-
no upotrebljavaju. Cilj ovog istrazivanja bio je procijeniti
utjecaj visestrukih ciklusa sterilizacije i ponovljene klinicke
upotrebe na stabilnost monoblok-nadogradnji za skeniranje.
Nulta hipoteza glasila je da je materijal nadogradnje za ske-
niranje i broj deformativnih ciklusa na tim nadogradnjama
(ponovna upotreba i sterilizacija) ne utje¢u znac¢ajano na nji-
hova odstupanja.

Materijali i metode

Priprema radnog modela i referentno skeniranje

U ovoj studiji dva su dentalna implantata BioHorizon
Tapered Internal Implant (BIOHORIZONS, Birmingham
(AL), SAD) (3,8 x 10,5 mm) i Tecom Implant REP (TI-
TANMED S.r.], Valmadrera (LC, ITALIJA) (3,5 x 10 mm)
postavljena u polimetilmetakrilatni (PMMA) djelomi¢no
ozubljeni mandibularni model, simulirajuéi polozaje prvo-
ga desnog pretkutnjaka i prvoga desnog kutnjaka. Razmak
od sredista do srediSta izmedu implantata standardiziran je
na 15 mm, a njihovi aksijalni kutovi podeseni su tako da bu-
du uzajamno paralelni. Za busenje i postavljanje implanta-
ta kori$ten je poseban uredaj kako bi se uklonile pogreske u
poloZaju.

U ovoj studiji in vitro koristeno je deset monoblok-tita-
nijskih i deset monoblok-PEEK nadogradnji za skeniranje
(promjer 3,5 mm; Medentika R1400 i ACT SCANHODY
AE NP) sa sli¢nim dizajnom kao nekonusni spoj. Skenira-
ne nadogradnje sparene su u studijske skupine, a svaki par
uklju¢ivao je jednu monoblok-titanijsku i jednu monoblok-
PEEK nadogradnju za skeniranje. Ukupno je formirano 10
studijskih skupina. Nadogradnje za skeniranje svake studij-
ske skupine pri¢vri¢ene su vijcima na implantate s momen-
tom zatezanja od 10 Nem s pomocu digitalnog uredaja za
ograni¢avanje momenta, prema uputama proizvodaca (slika
1.). Analiza snage obavljena je na temelju vrijednosti poma-
ka duz x-osi nakon sterilizacije iz studije Dikera i suradnika
(26) koriStenjem softverskog programa (G* Power 3.1.9.4).
Sa snagom od 95 %, veli¢inom u¢inka od 0,97 i alfa vrijed-
no$¢u od 0,05, minimalna veli¢ina uzorka izracunata je kao
12 (6 za svaku skupinu skeniranih tijela). U ovoj studiji je
veli¢ina uzorka svake vrste skenirane nadogradnje odrede-
na kao n = 10.

Svaka studijska skupina skenirana je kalibriranim intra-
oralnim skenerom (Primescan Connect verzija: 5.2.9, Siro-
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Table1  Detailed information about the scanbodies
Tablica 1. Detaljne informacije o skenirajucim tijelima
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Medentika R1400 scanbody, anodized

Scanbody ® monoblock titanium ® Medentika R1400 | ACT SCANBODY AE NP @ 3.5, 787
Nadogradnja za skeniranje nadogradnja za skeniranje, anodizirani ACTPPRO75 monoblock PEEK t
monoblok titanija ¢
C ] Compatible with BioHorizon Tap e're'd Compatible with Tecom Implant CC
ompatible Implant System © Internal Implant system ¢ Kompatibilno °K bil
K .b.l .. l l vk. B H . k h System Ompatl 1IN0 sa sustavom L
ompatibilni implantoloski sustav s BioHorizon sustavom konusni
I Tecom Implant CC -
unutarnjih implantata
Platform Diameter (mm) ® 35 35
Promjer platforme (mm) ’ ’
Tightening Torque Value (Ncm) © 10 10

Vrijednost momenta zatezanja (Ncm)

Number of clinically reliable use ®

Broj klini¢ki pouzdanih upotreba 100 life cycles + 100 ciklusa

Single use ¢ jednokratne

line reference scans to further analysis. Detailed information
about the scanbodies was summarized in Table 1.

Sterilization and repeated use

Each study group was untightened after the reference
scan and subjected to sterilization. Cleaning and steam au-
toclave sterilization process was carried out according to the
manufacturer’s instructions (27), which includes submerg-
ing the scanbodies into a 15-20 °C mild alkaline cleaning so-
lution for 15 minutes. During immersion, scanbodies were
brushed with a soft bristle brush (Curaprox CS 5460) for
30 seconds and rinsed intensively for 1 minute under run-
ning water. The scanbodies were dried on an absorbent pa-
per and packed to go into autoclave sterilization. Steam au-
toclave sterilization was performed at 134° C for 3 minutes,
followed by a drying period of 20 minutes (steam sterilizer
confirming to ISO 17665). Following steam autoclave steril-
ization, the scanbodies were reattached to the implants and
tightened to the recommended torque using the same digi-
tal torque-limiting device. The entire procedure was defined
as one sterilization cycle. Titanium and PEEK scanbodies
were subjected to the exact same cleaning and steam auto-
clave sterilization cycle as described above in order to evalu-
ate the effect of deformation on scanbody material.

Study scans

Each scanbody pair underwent exactly the same 30 cy-
cles of tightening, loosening and sterilization respectively.
Scanning was performed after every five cycles, resulting in
six study scans per group (scans 1- 6). Scanning started from
the terminal molar adjacent to the scanbodies and continued
with the lingual surfaces of the complete arch. Then the an-
gle of the scanner was rotated towards the occlusal plane and
the arch was scanned. Finally, to finish the scanning, the fa-
cial surfaces were scanned as it was recommended in manu-
facturer’s instructions. Care was taken to ensure that entire
surface of each scanbody was fully captured. Scanning start-
ed at the terminal molar region near the scanbodies to min-

na Dental Systems, Njemacka) prije bilo kakva deformativ-
nog tretmana. Prikupljeni podatci uneseni su u STL formatu
(ISO 12836) i koristeni kao osnovni referentni skenovi za
daljnju analizu. Detaljne informacije o nadogradnjama za
skeniranje sazete su u tablici 1.

Sterilizacija i ponovljena upotreba

U svakoj studijskoj skupini nadogradnje su nakon refe-
rentnog skeniranja otpustene i podvrgnute sterilizaciji. Po-
stupak ¢is¢enja i sterilizacije u autoklavu obavljen je prema
uputama proizvodaca (27), $to uklju¢uje 15-minutno ura-
njanje nadogradnje za skeniranje u blago alkalnu otopinu
za CiS¢enje temperature od 15 do 20 °C. Tijekom uranja-
nja nadogradnje su 30 sckunda ¢etkane mekanom ¢etkicom
(Curaprox CS 5460) i zatim intenzivno ispirane jednu minu-
tu pod teku¢om vodom. Nakon toga su osusene na upijaju-
¢em papiru i pakirane za sterilizaciju u autoklavu. Steriliza-
cija u autoklavu obavljena je na 134 °C tijekom tri minute,
nakon ¢ega je slijedilo 20-minutno susenje (sterilizacija pa-
rom u skladu s ISO 17665). Nakon sterilizacije u autokla-
vu, nadogradnje za skeniranje ponovno su pri¢vr§éene na
implantate i zategnute preporuc¢enim momentom s pomocu
istoga digitalnog uredaja za ograni¢avanje momenta zateza-
nja. Cijeli postupak definiran je kao jedan ciklus sterilizaci-
je. Titanijeve i PEEK- nadogradnje za skeniranje podvrgnu-
te su jednakom ciklusu ¢i$¢enja i sterilizacije u autoklavu kao
$to je ve¢ opisano kako bi se procijenio u¢inak deformacije
na njihov materijal.

Studijski skenovi

Svaki par nadogradnji za skeniranje imao je to¢no 30 jed-
nakih ciklusa zatezanja, otpustanja i sterilizacije. Skeniranje
je provedeno poslije svakih pet ciklusa, $to je rezultiralo sa
Sest studijskih skenova po skupini (sken 1 — 6). Skeniranje
je pocelo od zadnjeg kutnjaka uz nadogradnju za skenira-
nje i nastavilo se s lingvalnim povrsinama cijeloga luka. Za-
tim je kut skenera rotiran prema okluzalnoj ravnini i luk je
skeniran. Konacno, za zavrSetak skeniranja, facijalne povr-
Sine skenirane su prema preporuci proizvodaca. Pazilo se da
se osigura da je cijela povrsina svake nadogradnje za skeni-
ranje snimljena u cijelosti. Skeniranje je pocelo na podrudju
zadnjeg kutnjaka u blizini nadogradnje da bi se smanjila od-
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Figure 1

Slika 1.

Figure 2

Slika 2.

Scanning image of the study model. Monoblock titanium and monoblock PEEK scanbodies were screw retained onto the implants in
a PMMA partial dentate mandibular model, simulating the positions of right first premolar and right first molar. The center-to-center
distance between the implants were standardized to 15 mm.

Skenirana slika studijskog modela. Monoblok titanijeva i monoblok PEEK tijela za skeniranje pri¢vrscena su vijcima na implantate u
PMMA modelu djelomi¢no dentatne mandibule, simulirajuci poloZaje desnog prvog premolara i desnog prvog molara. Udaljenost od
sredista do sredista izmedu implantata standardizirana je na 15 mm.

Scanbody deviations for Group 1 study scan 1 (5 cycles) were calculated after the alignment of baseline reference scan with the study
scan at Geomagic Control X software. Linear (AX= 0.0274, AY=0.0202, AZ=0.0296) deviation values (a), angular deviation (AANGLE=
0.3191°) (b) and Euclidean distance (AEUC= 0.0451) (c) were measured for titanium scanbody. Linear (AX= 0.0318, AY=0.0645,
AZ=0.0293) deviation values (d), angular deviation (AANGLE= 0.416°) (e) and Euclidean distance (AEUC= 0.0776) (f) were measured
for PEEK scanbody.

Odstupanja tijela za studijsko skeniranje Grupe 1 (5 ciklusa) izracunata su nakon poravnanja referentnog skeniranja osnovne linije
sa studijskim skeniranjem u Geomagic Control X softveru. Za titanijevo tijelo za skeniranje izmjerene su linearne (A X = 0,0274, A

Y =0,0202, A Z = 0,0296) vrijednosti odstupanja (a), kutno odstupanje (A ANGLE = 0,3191°) (b) i euklidska udaljenost (A EUC =
0,0451) (c). Za PEEK scanbody izmjerene su vrijednosti linearnog (A X = 0,0318, A Y = 0,0645, A Z = 0,0293) odstupanja (d), kutnog

odstupanja (A ANGLE = 0,416°) (e) i euklidske udaljenosti (A EUC = 0,0776) (f).
Figure 3 Scanbody pair used in Group 5 before baseline reference scan (a), after 30 cycles (b)
Slika 3. Par tijela za skeniranje koristen u Grupi 5 prije referentnog skeniranja osnovne linije (a), nakon 30 ciklusa (b)

imize stitching related deviations as the scan area increased,
and this scan path was used for each scan. All scanning
was conducted by the same operator with the same intra-
oral scanner used as in the baseline reference scans (Primes-
can Connect version: 5.2.9, Sirona Dental Systems, Germa-
ny) under consistent environmental conditions to eliminate
variables related to the lighting or the operator technique.
The intraoral scanner was calibrated prior to each study scan.

In this study, each scan was performed using an intraoral
scanner following standard clinical protocols. Baseline refer-
ence scans were first obtained for the new scanbody on each

stupanja povezana sa smanjenjem snimki kako se podrugje
skeniranja povecavalo, a ta je putanja skeniranja koristena za
svako skeniranje. Sva skeniranja obavio je isti operater s istim
intraoralnim skenerom koji je koriSten za osnovne referen-
tne skenove (Primescan Connect verzija: 5.2.9, Sirona Den-
tal Systems, Njemacka) u konzistentnim uvjetima okoline da
bi se eliminirale varijable povezane s osvjetljenjem ili tehni-
kom operatera. Intraoralni skener kalibriran je prije svako-
ga studijskog skeniranja. U ovoj studiji je svako skeniranje
provedeno intraoralnim skenerom prema standardnome kli-
nickom protokolu. Najprije su dobivene osnovne referentne
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model. These were then compared with subsequent scans
acquired after the scanbody had undergone the designated
number of deformative cycles. Deviations in the scanbody
were assessed based on this comparison method, which has
been previously reported in the literature (18).

SEM (scanning electron microscope) evaluation

A randomly selected study group was evaluated for sur-
face texture changes at both the base and scanning regions.
Scanning electron microscopy (SEM) was performed using
the Thermo Scientific Axia ChemiSEM system, with imag-
es captured both before the baseline scan and following the
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Figure 4 Maximum, minimum, and mean linear (AX, AY and
AZ-axis) (a,b,c), angular (AANGLE) (d) and three-
dimensional (Euclidean distance, AEUC) (e) deviations
calculated at Geomagic Control X software

Slika 4. Maksimalna, minimalna i srednja linearna (AX,AYiA
Z-0s) (@, b, c), kutna (A ANGLE) (d) i trodimenzionalna
(euklidska udaljenost, A EUC) (e) odstupanja izracunata
u Geomagic Control X softveru

snimke za novu nadogradnju za skeniranje na svakom mode-
lu. Zatim su usporedeni sa sljede¢im snimkama dobivenima
nakon $to je nadogradnja za skeniranje prosla odredeni broj
deformacijskih ciklusa. Odstupanja u nadogradnji za skeni-
ranje procijenjena su na temelju ove metode usporedbe koja
je prethodno opisana u literaturi (18).

SEM (skenirajuci elektronski mikroskop) analiza

Nasumi¢no odabrana studijska skupina procijenjena je s
obzirom na promjene povrsinske teksture na podrucju skeni-
ranja. Skenirajuca elektronska mikroskopija (SEM) provede-
na je s pomocu sustava Thermo Scientific Axia ChemiSEM,
sa slikama snimljenima i prije osnovnog skeniranja i poslije
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Figure 5 SEM microscope images of the monoblock PEEK scanbody. Microscopy evaluation of the scanning area (a,b) and the base (c,d)
prior to any deformative treatment was performed. After 30 cycles of sterilization scanning area (e,f) and the base (g,h) of the PEEK

scanbody was re-evaluated.

Slika 5. SEM mikroskopske slike monoblokovnog PEEK tijela za skeniranje. Mikroskopska evaluacija podrucja skeniranja (a, b) i baze (c, d)
prije bilo kakve deformacijske obrade provedena je. Nakon 30 ciklusa sterilizacije, podrucje skeniranja (e, f) i baza (g, h) PEEK tijela za

skeniranje ponovno su procijenjeni.

Figure 6 SEM microscope images of the monoblock titanium scanbody. Microscopy evaluation of the scanning area (a) and the base (b,c,d)
prior to any deformative treatment was performed. After 30 cycles of sterilization, scanning area (e) and the base (f) of the titanium
scanbody was re-evaluated. Back scatter images demonstrated reflective surfaces (g,h).

Slika 6. SEM mikroskopske slike monoblokovnog titanskog tijela za skeniranje. Mikroskopska evaluacija podruéja skeniranja (a) i baze (b, c,
d) prije bilo kakve deformacijske obrade provedena je. Nakon 30 ciklusa sterilizacije, podrucje skeniranja (e) i baza (f) titanskog tijela
za skeniranje ponovno su procijenjeni. Slike povratnog rasprsenja pokazale su reflektirajuce povrsine (g, h).

completion of 30 cycles. The microscope’s working distance
was maintained between 1 mm and 100 pm, and images
were obtained at magnifications ranging from 250x-500x.

Data processing

The effects of repeated tightening, untightening, and
sterilization cycles on monoblock implant scanbodies were
evaluated by measuring linear (4X, AY and AZ-axis), an-
gular (AANGLE) and three-dimensional (Euclidean dis-
tance, AEUC) deviations. All study scans were stored in the
STL format and imported into a metrology software pro-
gram (Geomagic Control X 2018, 3D Systems Rock Hill,
SC,USA) (0.01 mm tolerance) for analysis. Alignment and
comparison with the baseline reference scan were performed
using a local best-fit algorithm to calculate deviation values
(Figure 2). Additionally, surface alterations were assessed
through scanning electron microscopy (SEM). Macro imag-

zavrSetka 30. ciklusa. Radna udaljenost mikroskopa odrza-
vana je izmedu 1 mm i 100 pm, a slike su dobivene pri pove-
¢anjima u rasponu od 250 do 500 puta.

Obrada podataka

Utinci ponovljenih ciklusa zatezanja, otpustanja i sterili-
zacije na monoblok-nadogradnje za skeniranje procijenjeni su
mjerenjem linearnih (AX, AY i AZ-os), kutnih (AANGLE)
i trodimenzionalnih (euklidska udaljenost, AEUC) odstupa-
nja. Svi studijski skenovi pohranjeni su u STL formatu i uve-
zeni za analizu u metroloski softverski program (Geomagic
Control X 2018, 3D Systems Rock Hill, SC, SAD) (toleran-
cija 0,01 mm). Poravnanje i usporedba s referentnim skeni-
ranjem s baznom linijom uc¢injeni su koriStenjem lokalnoga
algoritma najboljeg prilagodavanja za izratun vrijednosti od-
stupanja (slika 2.). Dodatno, promjene povrsine procijenjene
su skeniraju¢om elektronskom mikroskopijom (SEM). Ma-

=
o
S
(2]
©
s
s
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es obtained from the scanbody pair of Group 5 before the
baseline reference scan and after 30 cycles were presented in

Figure 3.

Statistical Analysis

All statistical analyses were performed using a statisti-
cal software program (SPSS version 26.0, IBM Corp.). Mean
and standard deviation values were calculated for descriptive
statistics. The conformity of the data to normal distribution
was assessed using the Shapiro-Wilk test and histograms.
The effects of multiple sterilization cycles, repeated clinical
usage, and scanbody material on AX, AY, AZ, AANG and
AEUC values were compared using two-way ANOVA test.
Post-hoc pairwise comparisons were made using Bonferroni
correction. The level of significance was determined as 0.05.

Results

Calculated linear (4X, AY and AZ-axis), angular (AAN-
GLE) and three-dimensional (Euclidean distance, AEUC)
deviations were demonstrated in Figure 4. Descriptive sta-
tistics (mean + standard deviation) of AX, AY, AZ, AEUC
and AANG values for each study scan (scans 1-6) and two-
way ANOVA test results were demonstrated in Table 2 and
Table 3.

The obtained results showed that number of repeated
sterilization cycles on AX deviations was statistically insig-
nificant (p=0.803) however, it was significantly affected by
the scanbody material (»=0.008). Titanium scanbodies dis-
played significantly higher AX deviations than PEEK scan-
bodies.

Digital Accuracy of PEEK and Titanium Scanbodies .

kroslike dobivene s para skeniranih nadogradnji skupine 5
prije referentnog skeniranja s baznom linijom i poslije 30. ci-
klusa vidi na slici 3.

Statisti¢ka analiza

Sve statisticke analize obavljene su u statistickom softver-
skom programu (SPSS verzija 26.0, IBM Corp.). Srednje vri-
jednosti i vrijednosti standardne devijacije izratunate su za
deskriptivnu statistiku. Uskladenost podataka s normalnom
distribucijom procijenjena je Shapiro-Wilkovim testom i hi-
stogramima. Utjecaj viSestrukih ciklusa sterilizacije, ponov-
liene klinicke upotrebe i materijala nadogradnji za skenira-
nje na vrijednosti AX, AY, AZ, AANG i AEUC usporeden
je dvosmjernim testom ANOVA. Post-hoc parne usporedbe
provedene su s Bonferronijevom korekcijom. Razina znadaj-
nosti odredena je kao 0,05.

Rezultati

Izra¢unata linearna (AX, AY i AZ-o0s), kutna (AANGLE)
i trodimenzionalna (euklidska udaljenost, AEUC) odstupanja
prikazana su na slici 4. Deskriptivna statistika (srednja vrijed-
nost + standardna devijacija) vrijednosti AX, AY, AZ, AEUC i
AANG za svako proucavano skeniranje (skenovi 1 - 6) i rezul-
tati dvosmjernoga testa ANOVA nalaze se u tablicama 2. i 3.

Rezultati su pokazali da je broj ponovljenih ciklusa ste-
rilizacije na AX odstupanjima bio statisticki neznacajan (p =
0,803), no na njega je znacajno utjecao materijal nadogradnje
za skeniranje (p = 0,008). Titanijske nadogradnje pokazale su
znacajno ve¢a AX odstupanja od PEEK-a.

Visestruki ciklusi sterilizacije i materijal nadogradnje za
skeniranje nisu znacajno utjecali na odstupanja na AY-osi ni

Table2  Descriptive statistics (mean + standard deviation) of AX, AY, AZ, AEUC and AANG values for each study scan (scans 1-6)
Tablica 2. Deskriptivna statistika (srednja+/- standardna devijacija)
AX (pm) AY (pm) AZ (pm) AEUC (pm) AANG ()
Study scan 1 (5 cycles) » I;j‘;g‘f;g rfj?;:’;’li&'r:;}:“‘”ka 6472 + (38.75) | 29.40 + (19.46) | 26.49 + (10.34) | 78.40 + (39.43) | 0.58  (0.53)
Studijski sken 1 (5
) Efg;ﬁ;':"iyskgiﬁe 3134 + (24.20) | 40.79 + (36.04) | 16.31 £ (13.68) | 59.18 + (37.76) | 0.96 + (0.69)
Study scan 2 (10 cycles) » I;j‘;g‘;l;g rsza;;’:li{l;r;r;}:“‘”ka 5432+ (39.77) | 1750 £ (13.66) | 1151 £ (10.18) | 62.05 £ (37.91) | 0.44 £ (0.31)
Studijski sken 2 (10
ciklusa) PEEK scanbody » PEEK 38.27 + (30.88) | 23.40 + (23.38) | 19.10 + (15,55) | 53.93 + (33.96) | 0.69 = (0.51)
nadogradnja za skeniranje
Study scan 3 (15 cycles) » I;j‘;g‘;l;g rfj?;;’:liyni'r:;;:“iﬁka 79.30 £ (70.60) | 26,39 + (23.27) | 19.89 £ (792) | 9108 £ (6759) | 0.66 £ (0.43)
Studijski sken 3 (15
ciklusa) PEEK scanbody » PEEK 36.25 + (22.82) | 22.25 + (16,24) | 13.57 + (11.24) | 48.23  (23.26) | 0.74 £ (0.39)
nadogradnja za skeniranje
Study scan 4 (20 cycles) » Iﬁ:g‘?;g rsza;:’:li{l;r;rg:mﬁka 58,18+ (38,15) | 1673 £ (9,27) | 24.68+ (11,29) | 68.81 £ (33.98) | 0.48 £ (0.26)
Studijski sken 4 (20
) PEEK scanbody » PEEK 2916 + (18,97) | 22.05 + (12,28) | 1122  (10,35) | 41.53 + (18,05) | 0.74 + (0.40)
nadogradnja za skeniranje
Titanium scanbody © Titanijska
g:ugy sl?mks (255(;};01“) . nadogradnia za skeniranje 45.97 + (45,05) | 20.53 + (25,13) | 23.49 + (12,16) | 62.55 + (43,46) | 0.53 + (0.44)
udijski sken .
ciklusa) PEEK scanbody » PEEK 2927+ (25,69) | 22.01 + (2745) | 15.21 £ (15,19) | 45.19 + (33,49) | 0.67 + (0.45)
nadogradnja za skeniranje
Titanium scanbody © Titanijska
Studx scf[n 6 (30 cycles) L] nadogradnja 72 skeniranje 5778 + (31,82) 29.29 + (28,12) 2473 + (10,35) 73.71 (34,52) 052 + (0,40)
Studijski sken 6 (30 PEEK scanbody » PEEK
ciklusa) scanbocy * FEER 32.85 + (27,60) | 1652 + (12,51) | 10.88 + (10,44) | 43.27 + (24,14) | 0.83 + (0,41)
nadogradnja za skeniranje
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Table 3
Tablica 3. Rezultati dvosmjerne ponovljene analize varijance (ANOVA)

Digitalna to¢nost PEEK-a i titanijskih nadogradnji za skeniranje

Two-way repeated measures varience analysis results (ANOVA)

geg;e;of Significance Partial Eta Squared *
Sie ° ni F Statisticka Parcijalna Eta
sl:lf: d : znadajnost kvadratna
Scanbody type (titanium/PEEK) © Vrsta nadogradnje za .
skeniranje (titanij/PEEK) 1 9,034 0,008 0,334
AX Number of sterilization cycles ® Broj ciklusa sterilizacije 5 0.758 0.583 0.040
Interaction of scanbody type and number of sterilization
cycles * Interakcija vrste nadogradnje za skeniranje i broja 5 0.463 0.803 0.025
ciklusa sterilizacije
Scanbody type (titanium/PEEK) © Vista nadogradnje za
skeniranje (titanij/PEEK) ! 0042 0.840 0.002
AY Number of sterilization cycles ® Broj ciklusa sterilizacije 5 1.771 0.127 0.090
Interaction of scanbody type and number of sterilization
cycles ¢ Interakcija vrste nadogradnje za skeniranje i broja 5 0.980 0.435 0.052
ciklusa sterilizacije
Scanbody type (titanium/PEEK) ¢ Vrsta nadogradnje za .
skeniranje (titanij/PEEK) ! 5.368 0.033 0-230
AZ Number of sterilization cycles ® Broj ciklusa sterilizacije 5 0.853 0.516 0.045
Interaction of scanbody type and number of sterilization
cycles ¢ Interakcija vrste nadogradnje za skeniranje i broja 5 2998 0.015* 0.143
ciklusa sterilizacije
Scanbody type (titanium/PEEK) © Vista nadogradnje za N
skeniranje (titanij/PEEK) ! 6.504 0.020 0.265
AEUC Number of sterilization cycles ® Broj ciklusa sterilizacije 5 0.815 0.542 0.043
Interaction of scanbody type and number of sterilization
cycles * Interakcija vrste nadogradnje za skeniranje i broja 5 0.630 0.678 0.034
ciklusa sterilizacije
Scanbody type (titanium/PEEK) ¢ Vrsta nadogradnje za
skeniranje (titanij/PEEK) ! 2.793 0.112 0.134
AANG Number of sterilization cycles * Broj ciklusa sterilizacije 5 0.996 0.403 0.052
Interaction of scanbody type and number of sterilization
cycles ¢ Interakcija vrste nadogradnje za skeniranje i broja 5 0.517 0.678 0.028
ciklusa sterilizacije

Multiple sterilization cycles and scanbody material were
not significant on scanbody deviations calculated at the AY
axis for any of the groups (p=0.127; p=0.435). Similarly, re-
peated sterilization cycles had no significant effect on AZ de-
viations (p=0.516). However, scanbody material significantly
affected vertical displacement of the scanbodies (p=0.033).
Titanium scanbodies displayed significantly higher AZ devi-
ations than PEEK scanbodies. The interaction between scan-
body material and number of sterilization cycles was also sig-
nificant on AZ axis (p=0.015).

The number of sterilization cycles had no significant ef-
fect on AEUC deviations (p=0.542) but titanium scanbodies
demonstrated significantly higher AEUC values than PEEK
scanbodies (p=0.020). AANG deviations were not statisti-
cally significant for any of the variances (p=0.112; p=0.403;
=0.678).

Post-hoc pairwise comparisons were conducted to evalu-
ate each interaction.

The interaction between scanbody type (titanium/PEEK)
and number of sterilization cycles was evaluated on AX ax-
is for titanium and PEEK scanbodies at study scans 1 (5 cy-
cles) and 4 (20 cycles) and found to be significantly different
from each other (p=0.033; p=0.045). After pairwise compar-

za jednu od skupina (p = 0,127; p = 0,435). Sli¢no tomu, po-
novljeni ciklusi sterilizacije nisu znacajno utjecali na AZ od-
stupanja (p = 0,516). Medutim, materijal nadogradnje za ske-
niranje znacajno je utjecao na vertikalni pomak (p = 0,033).
Titanijske nadogradnje za skeniranje pokazale su znacajno
ve¢a AZ odstupanja od PEEK-a. Interakcija izmedu marteri-
jala nadogradnje za skeniranje i broja ciklusa sterilizacije ta-
koder je bila zna¢ajna na AZ-osi (p = 0,015).

Broj ciklusa sterilizacije nije znacajno utjecao na AEUC
odstupanja (p = 0,542), ali titanijske nadogradnje za skenira-
nje pokazale su znac¢ajno ve¢e AEUC vrijednosti od PEEK-a
(p = 0,020). AANG odstupanja nisu bila statisticki znacajna
ni za jednu varijancu (p = 0,112; p = 0,403; p = 0,678).

Obavljene su post-hoc usporedbe parova kako bi se proci-
jenila svaka interakcija.

Interakcija izmedu vrste nadogradnje za skeniranje (ti-
tan/PEEK) i broja ciklusa sterilizacije procijenjena je na AX-
osi za nadogradnje za skeniranje od titanija i PEEK-a na
studijskim snimkama 1 (5 ciklusa) i 4 (20 ciklusa) te je utvr-
deno da se znacajno razlikuju (p = 0,033; p = 0,045). Nakon
parnih usporedbi s Bonferronijevom korekcijom, AX odstu-
panja za tipove nadogradnji za skeniranje nisu bila statisticki
znacajna (p > 0,05).
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isons, the corrections were made with Bonferroni, and AX
deviations for scanbody types were not statistically signifi-
cant (p>0.05).

When the interaction between scanbody type and num-
ber of sterilization cycles was evaluated, 4Z deviations of ti-
tanium scanbodies at study scans 4 (20 cycles) and 6 (30
cycles) were found to be significantly higher than those of
PEEK scanbodies (p=0.012; p=0.008). However, pairwise
comparisons with Bonferroni correction showed that there
was no statistically significant difference at the AZ axis
(p>0.05).

Scanbody type and number of sterilization cycles were
evaluated, AEUC values of titanium scanbodies at study
scans 4 (20 cycles) and 6 (30 cycles) were found to be sig-
nificantly higher than those of PEEK scanbodies (p=0.038;
£=0.035). No statistically significant difference was observed
in the AEUC values of both scanbodies when pairwise com-
parisons with Bonferroni correction were made (p>0.05).

SEM evaluation

Scanbodies of a randomly selected study group was made
prior to evaluation of experiment for surface texture at both
the base and scanning regions. Titanium and PEEK scan-
bodies maintained their overall form after 30 cycles of steam
autoclave sterilization. Nevertheless, some surface alterations
were observed. Milling marks on the PEEK scanbody were
mildly softened and back scatter imaging demostrated reflec-
tive surfaces at the base of the titanium scanbody (Figure 5

and 6).

Discussion

In this study, the impact of scanbody material and the
number of deformative cycles on scanbody deviations was
assessed by examining the effects of multiple sterilization cy-
cles and repeated clinical use on titanium and PEEK mono-
block scanbodies. Results demonstrated that the number of
sterilization cycles had no significant effect on any of the cal-
culated values. However, scanbody material significantly af-
fected scanbody deviations on linear and three-dimensional
measurements (AX, AZ and AEUC). Therefore, the null hy-
pothesis was rejected.

Several studies have shown that differences in material
properties can affect scanning accuracy (10, 14, 15, 28). The
study stated that monoblock scanbodies demonstrated high-
er accuracy compared to hybrid scanbodies due to micro-
scopic mismatch between the base and body material (14)
however, the mismatch between the base material and im-
plant platform material, which results in displacement of the
scanbody, has also been pointed out (10,28). In order to in-
vestigate the impact of repeated tightening and loosening on
the material deformation of the base component and the in-
fluence of this deformation on the stability of scanbody to
the implant platform, this study tested monoblock scanbod-
ies and calculated deviation values.

PEEK scanbodies are generally recommended for single
use however, under proper sterilization protocols, visual in-
spection and tactile control of the seating they can be con-
sidered for prolonged use (18, 22, 24, 25, 29). Material defor-
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Kada je procijenjena interakcija izmedu vrste nadograd-
nje za skeniranje i broja ciklusa sterilizacije, utvrdeno je da
su AZ odstupanja nadogradnji za skeniranje od titanija na
snimkama studije 4 (20 ciklusa) i 6 (30 ciklusa) znacajno
ve¢a od onih za nadogradnje za skeniranje od PEEK-a (p =
0,012; p = 0,008). Medutim, parne usporedbe s Bonferroni-
jevom korekcijom pokazale su da nije bilo statisticki znacaj-
ne razlike na AZ-osi (p > 0,05).

Procijenjeni su tip nadogradnje za skeniranje i broj ciklu-
sa sterilizacije, a vrijednosti AEUC-a titanijskih nadogradnji
na studijskim snimkama 4 (20 ciklusa) i 6 (30 ciklusa) bile
su znacajno vise od onih za PEEK nadogradnje (p = 0,038;
p = 0,035). Nije uocena statisticki znacajna razlika u vrijed-
nostima AEUC-a obiju vrsta nadogradnji za skeniranje ka-
da su ucinjene parne usporedbe s Bonferronijevom korekci-

jom (p > 0,05).

SEM analiza

Nadogradnje za skeniranje nasumi¢no odabrane studij-
ske skupine prije eksperimenta procijenjene su s obzirom na
teksturu povrsine i na bazi i u zoni skeniranja. Titanijske i
PEEK nadogradnje zadrzale su svoj ukupni oblik nakon 30
ciklusa sterilizacije u autoklavu, ali su uocene neke promje-
ne na povrsini. Tragovi glodanja na PEEK nadogradniji prije
tretmana bili su blago omeksani, a snimanje povratnoga ras-
prsenja pokazalo je reflektirajuée povrsine na bazi titanijske

nadogradnje (slike 5.1 6.).

Rasprava

U ovoj studiji je utjecaj materijala nadogradnje za skeni-
ranje i broja deformativnih ciklusa na odstupanja procijenjen
ispitivanjem ucinaka visestrukih ciklusa sterilizacije i ponov-
liene klinicke upotrebe monoblok-nadogradnji od titanija i
PEEK-a. Rezultati su pokazali da broj ciklusa sterilizacije ni-
je znacajno utjecao ni na jednu izra¢unatu vrijednost. Medu-
tim, materijal nadogradnje za skeniranje znacajno je utjecao
na odstupanja linearnih i trodimenzionalnih mjerenja (AX,
AZ i AEUC) i zato je nulta hipoteza odbacena.

U nekoliko studija autori su pokazali da razlike u svoj-
stvima materijala mogu utjecati na to¢nost skeniranja (10,
14, 15, 28). U jednoj je navedeno da monoblok-nadogradnje
za skeniranje pokazuju ve¢u to¢nost u usporedbi s hibridnim
nadogradnjama zbog mikroskopskog neuskladivanja izmedu
baze i materijala tijela (14), no istaknuto je i neuskladivanje
izmedu baze i materijala platforme implantata koje rezulti-
ra pomicanjem nadogradnje za skeniranje (10, 28). Da bi se
istrazio utjecaj ponovljenog zatezanja i otpustanja na defor-
maciju materijala osnovne komponente i utjecaj te deforma-
cije na stabilnost nadogradnje za skeniranje na platformi im-
plantata, u ovoj su studiji testirane monoblok-nadogradnje
za skeniranje i izra¢unate vrijednosti odstupanja. PEEK na-
dogradnje za skeniranje opéenito se preporucuju za jedno-
kratnu upotrebu, no uz odgovarajuée protokole sterilizacije,
vizualni pregled i taktilnu kontrolu dosjeda mogu se razmo-
triti i za dulju upotrebu (18, 22, 24, 25, 29). Deformacija
materijala zbog ponovljene upotrebe i sterilizacije, u kombi-
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mation due to repeated use and sterilization when combined
with factors such as implant angulation, increased inter-im-
plant distance or decreased exposure height significantly af-
fects the overall implant scanning accuracy (22-26, 28, 30-
33). Based on this knowledge, the implants in this study were
positioned at 15 mm intervals, with their axial angulations
adjusted to be parallel to each other, and monoblock scan-
bodies were selected at the same height, same platform di-
ameter. With the use of a tissue punch, scanbodies were ful-
ly exposed from any tissue moulage around them to precisely
evaluate the null hypothesis and eliminate any other interfer-
ing factors. Seating of the scanbody base to the implant plat-
form was visually inspected under 3.5 X magnification (Gal-
ilean loupe, Examvision, Denmark) and tactilely controlled
after screw tightening. Radiographic verification was not re-
quired due to the radiolucency of PEEK scanbodies.

The correlation between screw tightening torque val-
ue and scanbody displacement was investigated in previous
studies (10, 23, 26, 28). The base of the scanbody present-
ed higher vertical displacements when manufactured from
PEEK material, compared to that made of titanium (26, 28).
Wear could be detrimental to the proper seating in complete
arch restorations (23). This issue may be prevented by avoid-
ing tapered connection designs (28). A calibrated tightening
tool instead of hand tightening and 10 Ncm or lower torque
values were recommended for PEEK scanbodies, to better
control the scanbody screw tightening torque value (26). In
this study, similar connection designs at the base and a scan-
body geometry that prevents vertical displacement by pro-
viding a vertical stop during screw tightening were used.
Scanbodies were screw-retained onto the implants with a
torque of 10 Nem using a digital torque-limiting device.

Titanium scanbodies displayed significantly higher dis-
placement compared to PEEK scanbodies on horizontal
and vertical axis, which is consistent with previous studies
(14,22) and it was attributed to the reflective surface proper-
ty of titanium (22,34). Similar to the findings of this study,
reuse of PEEK scanbodies under proper sterilization proto-
cols and controlled screw tightening torque values were as-
sociated with clinically acceptable deviations on scanning
accuracy (18, 24, 29). A study evaluating the effects of scan-
body material and angulation on the accuracy and precision
of full-arch implant scans reported that PEEK scanbodies
exhibited superior overall performance compared to titani-
um scanbodies. This advantage was attributed to the specific
intraoral scanner used for complete-arch scanning (35). Dur-
ing implementation of explained experiment, repeated clin-
ical usage and sterilization cycles caused some deformation
on titanjium scanbodies which mostly focused on the base
and the most coronal part of the scanbody due to the contin-
uous friction during the insertion of the screw handle. Ex-
posing of undesired reflective surfaces complicated the scan-
ning process for the operator (Figure 3). In addition, PEEK
scanbodies might have prevented rotation by a slight differ-
ence at the base design. This design featured an increased
width at each edge of the hexagonal base structure (Figures
3 and 5), which may explain the lower AX values observed.
In contrast to the findings of this study, other studies re-
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naciji s ¢imbenicima kao $to su nagib implantata, pove¢ana
udaljenost izmedu implantata ili smanjena visina ekspozici-
je, znacajno utje¢u na ukupnu to¢nost skeniranja implantata
(22 - 206, 28, 30 — 33). Na temelju toga saznanja, implanta-
ti u ovoj studiji postavljeni su u intervalima od 15 mm, s ak-
sijalnim kutovima podesenima tako da su paralelni jedan s
drugim, a monoblok-nadogradnje za skeniranje odabrane su
na istoj visini jednakoj promjeru platforme. Nadogradnje za
skeniranje bile su potpuno izlozene da bi se precizno procije-
nila nulta hipoteza i uklonili svi drugi interferirajuci ¢imbe-
nici. Postavljanje baze nadogradnje za skeniranje na platfor-
mu implantata vizualno je pregledano pod poveéanjem od
3,5 puta ( Galilejevo povecalo, Examvision, Danska) i tak-
tilno kontrolirano nakon zatezanja vijka. Radiografska pro-
vjera nije bila potrebna zbog radiolucencije PEEK nadograd-
nje za skeniranje.

Korelacija izmedu vrijednosti momenta zatezanja vijka i
pomaka nadogradnje za skeniranje ve¢ je istrazivana u studi-
jama (10, 23, 26, 28). Baza nadogradnje za skeniranje, kada
je izradena od PEEK materijala, pokazivala je ve¢e vertikalne
pomake u usporedbi s titanijskom (26, 28), posebno kod re-
stauracija cijeloga luka gdje troSenje moze biti Stetno za pra-
vilno postavljanje (23). Taj se problem moze sprijeciti izbjega-
vanjem konusnih dizajna spojeva (28). Za PEEK nadogradnje
preporucuje se kalibrirani alat za zatezanje umjesto ru¢nog
zatezanja i vrijednosti momenta od 10 Ncm ili nize da bi se
bolje kontrolirala vrijednost momenta zatezanja vijka nado-
gradnje (26). U ovoj studiji koristeni su sli¢ni dizajni spojeva
na bazi i geometrija nadogradnje za skeniranje koja sprjecava
vertikalni pomak osiguravajuéi vertikalni grani¢nik tijekom
zatezanja vijka. Nadogradnje za skeniranje pricvrs¢ene su vij-
cima na implantate s momentom zatezanja od 10 Nem s po-
mocu digitalnog uredaja za ograni¢avanje momenta.

Titanijeve nadogradnje za skeniranje pokazale su znacaj-
no ve¢i pomak u usporedbi s PEEK-om na horizontalnoj i
vertikalnoj osi, $to je bilo u skladu s dosadasnjim studijama
(14, 22) i pripisano je svojstvu reflektiraju¢e povrsine titani-
ja (22, 34). Sli¢no nalazima iz ove studije, ponovna upotreba
PEEK nadogradnji prema odgovaraju¢im protokolima steri-
lizacije i kontroliranim vrijednostima momenta zatezanja vi-
jaka bila je povezana s klinicki prihvatljivim odstupanjima
u to¢nosti skeniranja (18, 24, 29). U studiji u kojoj su pro-
cjenjivani udinci materijala nadogradnji za skeniranje i kuta
na to¢nost i preciznost skeniranja implantata pri restauraci-
ji cijeloga luka istaknuto je da su PEEK nadogradnje poka-
zale superiorne ukupne performanse u usporedbi s titanij-
skima. Ta prednost pripisana je specifi‘nom intraoralnom
skeneru koji se koristi za skeniranje cijeloga luka (35). Ti-
jekom provedbe eksperimenta ponovljena klinicka upotreba
i ciklusi sterilizacije prouzro¢ili su odredene deformacije na
titanijskim nadogradnjama za skeniranje koje su uglavnom
bile usredotocene na bazu i najkoronalniji dio nadogradnje
zbog kontinuiranog trenja tijekom umetanja vijka. Izlaganje
nezeljenih reflektirajuéih povrsina operateru je kompliciralo
proces skeniranja (slika 3.). Uz to, na PEEK nadogradnjama
za skeniranje mozda je sprijecena rotacija zbog male razlike
u dizajnu baze. Ovaj dizajn ima pove¢anu Sirinu na svakom
rubu heksagonalne osnovne strukture (slike 3. i 5.), $to moze
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ported that titanium scanbodies were associated with bet-
ter accuracy. In a study investigating two different materials
of scanbodies with varying exposure lengths, titanium scan-
bodies demonstrated greater reliability and precision in com-
plete arch implant scans (36). This discrepancy might be re-
lated to the number of flat surfaces on the scanning regions,
material selected for the base, design of the scanbody compo-
nents or mechanical resistance of titanium to repeated clin-
ical usage and autoclave sterilization (15, 16, 37). Although
the round geometry of the PEEK scanbodies on the scan re-
gion created some undercuts, scanning was easily performed
due to materials’ optical properties.

In this study, two implants were placed in a partially
edentulous maxillary arch to simulate possible restoration
options as cement or screw retained fixed partial prosthesis.
Therefore, the acceptable level of error might differ compared
to full arch restorations. Previous research suggested that ac-
ceptable misfit threshold for implant supported full arch res-
toration is 50-150 pm and an angular deviation of <0.4° (38).
A misfit of 100 pm or less was considered tolerable (39) and
vertical misfit up to 1 mm and horizontal misfit up to 345
pm were associated with no adverse outcomes (6). Significant
results may not necessarily translate to clinical significance.
To the best of our knowledge, a clinically acceptable level of
error or a threshold of accuracy for partially edentulous arch-
es has not been established in the current literature. Mean
linear misfit ranged from 10 to 79 pm and a maximum ver-
tical mean misfit of 26 pm was calculated on AZ axis of ti-
tanium scanbodies. Three-dimensional (AEUC) deviations
ranged from 41 to 91 pm in between scanbody material and
sterilization cycle groups.

To our knowledge, no previous studies have investigat-
ed the combined effects of sterilization and repeated clinical
use up to 30 cycles. Therefore, the materials and methods in
this study were specifically designed to evaluate these effects.
The accuracy of implant scanbody wear for complete arch
digital scans was investigated in a study where PEEK scan-
bodies were only screw tightened 30 times. The same study
found that mean AEUC was 82 pm and mean AANGLE was
0.33° (23). Another study calculated deviation values of scan-
bodies that were reused up to 10 times in a partially edentu-
lous arch, but the effect of sterilization was omitted (24). The
combined effect of autoclave treatment and 10 times repeat-
ed screw tightening was evaluated in another study which
demonstrated maximum deviation value as 63 pm and angle
deviation as 0.62 degrees (18). In this study, repeated clini-
cal use and steam autoclave sterilization for up to 30 succes-
sive cycles had no significant effect on scanbody deviations.
However scanbody material itself was found to have a signif-
icant effect. Further studies with an increased number of re-
peated use and sterilization cycles are required to investigate
potential deformation and its impact on scanbody deviations
and scan accuracy. In addition, further research involving
different intraoral scanners is needed to evaluate the effect of
scanner software on scan accuracy.

The surface texture of the scanbody affects the scan-
ning ability of intraoral scanner (11-14). Titanium scanbody
maintained its overall form, but repeated usage caused con-
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objasniti nize uocene vrijednosti AX-a. Za razliku od nalaza
iz ove studije, u drugima je istaknuto da su titanijske nado-
gradnje za skeniranje povezane s ve¢om to¢nos¢u. U studiji
u kojoj su autori istrazivali dva razlicita materijala nadograd-
nji s razli¢itim duljinama ekspozicije, titanijske nadograd-
nje pokazale su ve¢u pouzdanost i preciznost u skeniranju
implantata (36). Ta razlika mogla bi biti povezana s brojem
ravnih povr$ina na podrugjima skeniranja, odabranim mate-
rijalom za bazu, dizajnom komponenti nadogradnji za skeni-
ranje ili mehanickom otpornoséu titanija na ponovljenu kli-
nicku upotrebu i sterilizaciju u autoklavu (15, 16, 37). Iako je
okrugla geometrija PEEK nadogradnji na podrucju skenira-
nja stvorila neke podreze, skeniranje je bilo jednostavno zbog
optickih svojstava materijala.

U ovoj studiji dva su implantata postavljena u djelomic-
no bezubi maksilarni luk kako bi se simulirale moguée opcije
restauracije kao fiksni most s cementnim ili vijéanim spojem.
Zato se prihvatljiva razina pogreske moze razlikovati u uspo-
redbi s restauracijama cijeloga luka. U dosadasnjim istraziva-
njima autori su sugerirali da je prihvatljivi prag neuskladeno-
sti za potpunu restauraciju luka poduprtu implantatima od
50 do 150 pm i kutno odstupanje < 0,4° (38). Neprilagode-
nost od 100 pm ili manja smatrana je podnosljivom (39), a
vertikalna neprilagodenost do 1 mm i horizontalna neprila-
godenost do 345 pm nisu bile povezane s nepovoljnim isho-
dima (6). Znacajni rezultati ne moraju nuzno biti klinicki
vazni. Koliko je nama poznato, u trenutacnoj literaturi nije
utvrdena klinicki prihvatljiva razina pogreske ili prag to¢no-
sti za djelomi¢no bezube lukove. Srednja linearna neprilago-
denost kretala se od 10 do 79 pm, a maksimalna vertikalna
srednja neprilagodenost od 26 pm izra¢unata je na AZ-osi
titanijskih nadogradnji za skeniranje. Trodimenzionalna
(AEUC) odstupanja bila su od 41 do 91 pm izmedu materi-
jala nadogradnji za skeniranje i ciklusa sterilizacije.

Koliko nam je poznato, ni u jednoj dosadasnjoj studiji
autori nisu istrazivali kombinirane uéinke sterilizacije i po-
novljene klini¢ke upotrebe do 30 ciklusa. Zato su materija-
li i metode u ovoj studiji posebno dizajnirani za procjenu tih
ucinaka. Toc¢nost trosenja nadogradnji za skeniranje za di-
gitalne snimke cijeloga luka istrazena je u studiji u kojoj su
nadogradnje od PEEK-a zategnute vijcima samo 30 puta. U
istoj je studiji otkriveno je da je prosjecni AEUC bio 82 pm
nadogradnji za skeniranje koje su ponovno koristene do 10
puta u djelomi¢no bezubom luku, ali je u¢inak sterilizacije
izostavljen (24). Kombinirani u¢inak tretmana u autoklavu i
10 puta ponovljenog zatezanja vijaka procijenjen je u jednoj
drugoj studiji u kojoj je primijenjena maksimalnu vrijednost
odstupanja od 63 pm i odstupanje kuta od 0,62 stupnja (18).
U ovoj studiji ponovljena klinicka upotreba i sterilizacija u
autoklavu do 30 uzastopnih ciklusa nisu znacajno utjecale
na odstupanja nadogradnji za skeniranje. No utvrdeno je da
znacajno utje¢e sam materijal nadogradnji za skeniranje. Po-
trebna su daljnja istrazivanja s pove¢anim brojem ponovlje-
ne upotrebe i ciklusa sterilizacije kako bi se istrazila potenci-
jalna deformacija i njezin utjecaj na odstupanja nadogradnji
za skeniranje i to¢nost skeniranja. Uz to, potrebna su istrazi-
vanja u koja su ukljuceni razli¢iti intraoralni skeneri kako bi
se procijenio utjecaj softvera skenera na to¢nost skeniranja.
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tinuous friction, which disrupted the surface anodization,
exposing the reflective surfaces. PEEK scanbody was more
advantageous in terms of optical properties. Additionally, the
edges and flat surfaces of the base remained intact. Mild soft-
ening and flow at the surface texture was also observed as it
was expected prior to the experiment. Biological fluids may
also influence surface behavior; Civljak et al. showed that
blood composition can alter the implant surface wettabili-
ty, which may indirectly affect surface-dependent digital ac-
quisition (40).

Surface characterization changes were dependent on the
material’s thermal stability, sterilization temperature and the
period of heat application (29). PEEK is a synthetic polymer
material, and it has been reported to have good thermal sta-
bility due to the presence of aromatic groups in its molecu-
lar structure (29, 41). Low temperature plasma sterilization is
performed at 40-60 C for 45 to 75 minutes and it is asuitable
and safe method for PEEK based dental components, which
offers effective sterilization without compromising material
integrity (42, 43). In this study, repeated autoclave steriliza-
tion cycles were performed at 134 C for 3 minutes following
the manufacturer’s recommendations for titanium scanbod-
ies. The glass-transition temperature of PEEK is 143 C (44),
therefore softening and surface flow were observed.

One study reported material deformation occuring even
after the first connection. However, it was also observed that
10 times tightening, loosening and autoclave treatment did
not display significant differences at the surface texture or
dimensions compared to the first connection (18). Another
study showed that surface change and chemical alterations
due to repeated autoclave sterilization minimally affect the
chemical properties of both titanium and PEEK (29). Ac-
cording to the calculated deviations on the AZ axis, PEEK
scanbodies showed lower vertical displacements. This might
be attributed to the base design that prevents vertical dis-
placement by providing a vertical stop.

Certain limitations of this /n-vitro study should be tak-
en into consideration. A single intraoral scanner was used
both for the baseline reference scan and the study scans. The
use of a different intraoral scanner may change the results
depending on the optical camera system and the associated
software. In addition, different type of scanbodies and geo-
metric designs may lead to different outcomes. Due to the in
vitro design of this study, there is no clinical validation, and
further clinical research is needed.

Conclusions

The number of repeated clinical usages and sterilization
cycles had no significant effect on the scanbody deviations
for both titanium and PEEK materials. The scanbody mate-
rial significantly impacted the calculated measures. Titani-
um scanbodies demonstrated significantly higher deviations
in AX, AZ and AEUC compared to PEEK scanbodies. SEM
evaluation revealed that the surface texture of PEEK scan-
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Povrsinska tekstura nadogradnje za skeniranje utjece na
sposobnost skeniranja intraoralnih skenera (11 — 14). Titanij-
sko tijelo za skeniranje zadrzalo je svoj ukupni oblik, ali po-
novljena upotreba prouzrocila je kontinuirano trenje koje je
narusilo anodizaciju povrsine, otkrivaju¢i reflektiraju¢e povr-
sine. PEEK nadogradnje za skeniranje bile su povoljnije kad
je rije¢ o optickim svojstvima, a rubovi i ravne povrsine baze
ostale su intaktne. Takoder je uo¢eno blago omeksavanie i ra-
stapanje na teksturi povrsine, $to se i o¢ekivalo prije eksperi-
menta. Bioloske teku¢ine takoder mogu utjecati na ponasanje
povrsine; Civljak i suradnici pokazali su da sastav krvi moze
promijeniti vlaZenje povrsine implantata, $to moze neizravno
utjecati na povrsinski ovisnu digitalnu akviziciju (40).

Promjene u karakterizaciji povrsine ovisile su o toplinskoj
stabilnosti materijala, temperaturi sterilizacije i razdoblju
primjene topline (29). PEEK je sinteticki polimerni materi-
jal, a zabiljezeno je da ima dobru toplinsku stabilnost zbog
aromatskih skupina u svojoj molekularnoj strukturi (29, 41).
Sterilizacija plazmom niske temperature obavlja se na 40 do
60 °C tijekom 45 do 75 minuta i to je prikladna i sigurna me-
toda za zubne komponente na bazi PEEK-a koja u¢inkovito
sterilizira i ne ugrozava integritet materijala (42, 43). U ovoj
studiji ponovljeni su trominutni ciklusi sterilizacije u auto-
klavu provedeni na 134 °C, slijede¢i preporuke proizvodaca
za titanijske nadogradnje za skeniranje. Temperatura stakla-
stoga prijelaza PEEK-a je 143 °C (44), stoga je uo¢eno omek-
$avanje i rastapanje povrsine.

U jednoj studiji izvje$teno je o deformaciji materijala koja
se pojavljuje ¢ak i poslije prvog spajanja. Medutim, takoder je
uoceno da zatezanje 10 puta, otpustanje i obrada u autokla-
vu nisu pokazali znacajne razlike u teksturi ili dimenzijama
povr$ine u usporedbi s prvim spajanjem (18). U drugoj stu-
diji istaknuto je da promjene povrsine i kemijske promjene
zbog ponovljene sterilizacije u autoklavu minimalno utjecu
na kemijska svojstva i titanija i PEEK-a (29). Prema izracuna-
tim odstupanjima na AZ-osi, PEEK nadogradnje za skenira-
nje pokazale su nize vertikalne pomake, $to se moze pripisati
dizajnu baze koji sprjecava vertikalni pomak osiguravanjem
vertikalnog zaustavljanja.

Treba uzeti u obzir odredena ogranicenja ove studije iz
vitro. Jedan intraoralni skener koristen je i za referentno ske-
niranje pocetnoga stanja i za skeniranje u studiji. Primje-
na razli¢itih intraoralnih skenera moze utjecati na rezultate,
ovisno o optickom sustavu kamere i pripadaju¢em softveru.
Osim toga, razli¢ite vrste nadogradnji za skeniranje i geome-
trijski dizajni mogu rezultirati razlicitim ishodima. Zbog in
vitro dizajna ove studije, ne postoji klinicka validacija te su
potrebna daljnja klinicka istrazivanja.

Zakljuéci

Broj ponovljenih klinickih upotreba i ciklusa sterilizacije
nije znacajno utjecao na odstupanja nadogradnji za skeniran-
je ni za titanij, ni za PEEK materijale. Materijal nadogradn-
je za skeniranje znacajno je utjecao na izratunate mjere. Ti-
tanijske nadogradnje za skeniranje pokazale su mnogo veca
odstupanja u AX-u, AZ-u i AEUC-u u usporedbi s PEEK
nadogradnjama. SEM evaluacija otkrila je da je povriinska
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bodies became softened, after 30 sterilization cycles. In con-
trast, titanium scanbodies revealed reflective surfaces. PEEK
scanbodies showed better accuracy and consistency com-
pared to titanium scanbodies, possibly due to scan region ge-
ometry and scanner-specific factors. Further clinical research
is needed to establish acceptable performance thresholds.
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nicke upotrebe na stabilnost monoblok-titanijskih i PEEK nadogradnji za skeniranje. Materijali i me-

tode: Deset monoblok-nadogradnji za skeniranje od titanija i PEEK-a spojeno je u parove te je cinilo
ukupno deset studijskih skupina. Svaki par skeniran je intraoralnim skenerom za snimanje referen-
tnog skena. Za studijske skupine bilo je odredeno 30 ciklusa zatezanja, otpustanja i sterilizacije. Ske-
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niranje je provedeno poslije svakih pet ciklusa, sto je rezultiralo sa Sest skenova po skupini. Izra- No.4,

cunata su linearna odstupanja (AX, AY i AZ os) te kutna (AANGLE) i trodimenzionalna (euklidska
udaljenost, AEUC) te su usporedena dvosmjernim testom ANOVA. Rezultati: Broj ponovljenih ciklu-
sa neznatno je utjecao na odstupanja nadogradnji za skeniranje za oba materijala (p > 0,05). Materi-

Vezneciler Fatih, istanbul, Turkey
+90 539 707 94 39
bige.koc@ogr.iu.edu.tr

jal nadogradnje za skeniranje znatno je utjecao, pri ¢emu su kod titanijskih nadogradnji zabiljezena

znacajno veca odstupanja u AX-u, AZ-u i AEUC-u u usporedbi s PEEK-nadogradnjama (p < 0,05). Za-
kljuéak: PEEK nadogradnjama za skeniranje dobiveni su tocniji i dosljedniji digitalni skenovi od tita-

nijevih.
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