IN VITRO AKPIBEIA ENAOZTOMATIKQON KAl EPTAZTHPIAKQN ZYIKEYON WHOIAKHZ
ANOTYNQzHZ

2MAronoyAOz AHMHTPIOZ

Eloaywyr): lotoplkd n Bepamela ekhoyrg o vwdolg aoBevelc ATOV N KATOOKEUN OALKWV
odovtootolytwy. Tnv Sekaetia 1950-1960 o Branemark kal cuvepydteg mapoucioocav Kot
e€EANLEQV TO 0OTEOEVOWHATOUHEVO 080VTIKA gUdUTELUATA TITAVIOU. AV KOl HEXPL CrUEPO TO
EUPUTELATA, O TPOTIOC KATAOKEUNG, N EMLAVELA KOL O TPOTIOC ATOKATAOTACNG £XEL £€eALYOel
elval amapaitntn opbn kal mabntikn £8paon TNC AMOKATACTACNG YlLoL TNV HOKPOXPOVLO
emtuxia tng amokataoctaong. O Branemark kat ouv. avépepe ta 10um wg TO OplOo OTNV
edappoyn yia va BewpnBel pa amokatdotacn amodektr evw GAAOL EPELVNTEG OMWCE O jemt
Kol ouv. avadEpouv Ta 150pum. H cuppatikh amotunwon Twv eUGUTEUUATWY LE EAOCTLKOUEPH
UALKA KOIL | OUVOPOUN TNG OTNV KOTOOKEUN HLOG OTMOKATAOTAONG HE TaONnTIK £€6paon €xel
peAeTnOel onuavtikd. O MAéov cUyXPOVOoC TPOTIOG ATTOTUNTWONG TWV 08OVTIKWY EUPUTEUUATWV
adopad tnv Pndlakn anotinwaon He ev60OTOUATIKOUG 0apwTEC. & vwdoug aobeveic n xprion
TETOLWY CUCKEUWV aUEAVETAL KABWG VEEC CUOKEUEG KOl AOYLOMLKA TIPOCEPXOVTOL OTNV KALVIKA
mpagn.

Ikomog: H epyaotnplokn HeEAETn  SLadOPETIKWY €VOOOTOUOTIKWY KAl  €PYAOTNPLOKWY
copWTWV ovadoplkd Pe TNV akpifela kat tnv emavalnPnuotnta toug os vwdn akpolodia
TIOU £X€L amokataoTobel pe ooteoevowpatolevo 0S0OVTIKA PPUTELATA.

YAwka & péBodog: EméxOnkav enta evbootwpatikol capwtég (CS 3600, Carestream Dental;
Emerald, Planmeca; i500, Medit; iTero Element 5D, Align Technologies; Omnicam and
Primescan, Dentsply Sirona; TRIOS 4, 3Shape) kal 800 epyaotnplakoi (Aadva Lab Scan, GC;
Ceramill Map 600, Amann Girrbach AG). Kotookevu@otnke vwdo ekpayesio Katw yvabou amo
odovtlatplkn Yoo tumou Il kat éywvav 4 mapdAAnAsc omég oe B0l KUVOSOVTWY Kol
voudiwv. 3tic 4 onég tomoBetOnkav avaloya odovilkwy gpduteupdtwy (internal hexagon
3.8mm Xive, Friadent/Dentsply, Mannheim, Germany). Me tv pébodo kAelotol Siokapiou
€ylVve QmoTUMWON TOU apXLKOU EKUOYEIOU KOL KOTOOKEUAOTNKE £vo VEO ekpayeio amod
odovtiatpkn yopo tomou IV (Fujirock EP, GC). Ita avdaloya tomoBetnOnkov Aafoveg

AMOTUTIWONG KATALOKEVOOLEVOL amo PEEK pe Baon titaviou.



MetpnOnkav OAEC Ol QITOCTACEL( TWV KEVIPWYV TWV afOVwv amotuMwong HE Hila
Pbndlakn pnxavn pétpnong cuvtetaypévwy (CMM) (Mistral 070705, DEA, Brown & Form,
North Kingstown, RI, USA) otov Topéa Mnyavoloyikwv Katacksvwv & Autopatou EAéyxou tng
YxoARc MnxavoAoywv Mnxavikwv EMTI. O {810¢ xelplotig Slekmepaiwaoe OAEC TIC UETPHOELG.
MpaypatomnotBnkav 10 capwoelg yia KAOs GUGKEUH amoTUNWaong oto Vwdo eKUayelo armo tov
i6Lo xelploth. AkoAouBnBnke to (610 MPWTOKOAAO OMOTUNMWONC YO TOUG EVOOOTOUATLKOUC
COPWTEC EEKVWVTAG OO TNV TIO ANMw Teplox) Tou Oeflol gUdUTEVHATOC HOONTIKA
ouvexilovtag Le TNV aQmoTUTIWON TNG TOAPELOKAC €MIPAVELNC KOl TEAELWVOVIAC UE TNV
OMOTUNWON TNG YAWOOLKNC EMIAVELAG TOU eKpayeiou. OL cUVBNRKEG 0APWONE NTaV oTaBepEg
oe Bepuokpacia dwuatiou (20+1°C) xwplig dtadopomnolioelg oe vypaoia kal dwtiouo. Kabe
Pndlakd amotinwpa amobnkeltnke cav apxeio STL. JuvoAlkd amoktBnkov pe autdv Tov
Tpomo 90 STL apyeia amo Toug 9 capwTtEG MoU PeAsTHBNKay.

Amobo0nke évag aplOudg oe kabe Gfova amotumwong tou ekpoyeiou. Ol AMOCTACELC
Slaywplotnkav o€ 2 opASES: N OUASA TWV HUKPWY OMOCTACEWY (ATOCTACELG UETAEY YELTOVIKWV
epdutevpatwy)  D1-2, D2-3, D3-4, KoL N opAdo TwV HEYOAWV OMOOTACEWV( OMOOTACELG
HETAED Un YELTOVIKWY epdutevpdatwy) D1-3, D1-4, D2-4.

Ma tnv e€€taon TG akpiBeLag TWV CUCKEUWV £YLVE GUYKPLON HE TIG AMOOTACELS TWV HETPHOEWV
™M¢ YNndLakng pNxavng HETPNONG cuvteTtayUevwy (CMM) Katd amoOAUTEC TIHEG KL YLOL TNV
g€étaon tne emavoAnPnuotntac £yve cUYKPLON LETAED TWV LETPAOCEWV TNC 8L CUOKEUNC.
AnoteAéoparta: Mo TIG ULKPEG ATIOOTACELS, 60wV adopd TNV akpiBela ta oL gpyactnplakoi
copwtéc (AD, AM) davnke va €xouv Stadopd 15-27um amnd TI¢ HeTpnoels tng PYndLakng
UNXOVNG LETPNONG OUVTETAYUEVWY (CMM) evw oL ev0OTOUATIKOL COpWTEC oo 28-157um.
OL TMepLooOTEPOL €VOOOTOUATIKOL COPWTEG BV €lX0V OTATIOTIKA ONUAVTIKEG OSladopeg pe
e€alpeon tnv ouokeun i500 (ME) pe péon TR 98um Kol OTOTIOTIKA ONUOVTIKA SL0pOPETIKN
TNV GUOKEUN PE péon Tr Stadopdc ta 157um.

JTNV Oopada TWV MEYAAWV QTIOCTACEWV Ol EPYAOTNPLOKEC CUCKEUEC QMOTUMWONG HTOV
OTOTLOTIKA CNUAVTIKA KOAUTEPEG OTNV aKPIPELA OO TIC EVOOOTOUATIKEC CUOKEUEG UE TNV HEDN
TN va eivatl 17-21um oe oxéon e TG TEPLOCOTEPEG EVOOOTOUATIKEG CUOKEVEG. MeTafl Twv
omolwv UTtpXaV LEYAAEC SLAKUUAVOELG 39-259um. OTOTLOTIKA ONOVTLIKO XELPOTEPEC ,0€ QUTEG
TG amootaoelg, pavnkav ot Emerald (EM) pe 226um kat n i500 (ME) pe 259um.

TNV emovaAnPnuotTnTa TV HLKPWY AMOCTACEWY UTNPXAV SLOKUUAVOELS 16-78um. H cuokeun

Aadva (AD) eixe péon tun 16pum alld Sev nTav oTaTOTIKA SLpOPETIK artd TNV GUOKEUN



Aman Girbach (AM) pe péon Tt 20um kot tnv cuokeury Omnicam (OM) pe T 31pum. H
ouvokevuy Emerald (EM) ¢avnke n Awydtepo emavalqipun pe péon Tun 78um oAl Oxt
OTOTLOTIKA oNUOVTIKA Sltadopetikn amnod tnv Trios IV (TR) e péon twur 61um.

JTIG LEYAAEC QMOOTACELG N eMAVOANP LULOTATO TWV EPYACTNPLOKWY CUGKEUWY NTAV OTATIOTIKA
ONUOVTIKA KOAUTEPN ME TIHEG 22um (AD) kat 25um (AM). 2TIC UTIOAOUTEG CUOKEUEG OTATLOTIKA
ONUAVIIKA XelpOtepn davnke n ocuokeur] Emerald (EM) pe tipu 185um akolouBolpevn amo
Vv cuokeun Trios IV (TR) pe péon tiun 93um.

Tupnépacpa: H akpifela kat n enavaAnPnuotnta g Yndlakng amotunwong ylo vwdoug
0.00eveic mou €xouv umoPAnOel oe Bepamneia pe euduTELUOTO PE EVOSOOTOUATIKOUC CAPWTEG
8V TEKUNPLWVETAL. ATIOUTOUVTOL KALWVLKEG MEAETEG yla TNV a€LOAOYNON TWV ONMOTEAECUATWV
OUTAC TNC in Vitro peAétng.

Oa pnopovoape va cuvoicoupe OTL:

1) OL epyaoctnplakol capwtég palvetal va £xouv TNV KaAUTepn akpifela kat emavalnnuotnta
og olyKPLON UE UTTOAOLIIOUG COPWTEG OVEEQAPTATOU OTOCTAONG

2) ol evbootopatikol copwTeC daivetal va Asltoupyolv KOAUTEPA OE HUKPOTEPEG AMOOTACELG
oe epduteL AT Kal eival Alyotepo afLOTILOTEG O LEYAAUTEPEC ATIOCTAOELG.

3) Aev eivol OAe¢ ol eVOOOTOUOTIKEG CUCKEUEG QMOTUNMWONG To blo aflomiotec. Kamoleg
OUOKEVEC glval o akplBeic amo AAAeC og PeyaAUTEPEC AMOOTACELC. Evw To (810 LoXUEL KOl YL

™V enavoAnPnuotnta.

ACCURACY OF INTRAORAL AND LABORATORY DIGITAL SCANNERS

SPAGOPOULOS DIMITRIOS

Introduction: Historically, the treatment of choice in premature patients has been the
construction of complete dentures. In the 1950s and 1960s, Branemark et al. Introduced and
developed orthopedic titanium dental implants. Although to date the implants, the way of
construction, the surface and the way of restoration have evolved it is necessary proper and
passive restoration of restoration for the long-term success of the restoration. Branemark et al.
reported 10um as the limit in the application to be considered an acceptable restoration while

other researchers such as jemt et al. report 150um. The conventional impression of implants



with elastic materials and its contribution to the construction of a restoration with passive fit
has been significantly studied. The most modern way of capturing dental implants is digital
imaging with intraoral scanners. In edentulous patients the use of such devices is increasing as
new devices and software arrive in clinical practice.

Purpose: The in-vitro study of different intraoral and laboratory scanners regarding their
precision and reproducibility in edentulous mandibular jaw restored with osteo-integrated
dental implants.

Materials & method: Seven intraoral scanners selected (CS 3600, Carestream Dental; Emerald,
Planmeca; i500, Medit; iTero Element 5D, Align Technologies; Omnicam and Primescan,
Dentsply Sirona; TRIOS 4, 3Shape) and two laboratory Scanners (Aadva GC; Ceramill Map 600,
Amann Girrbach AG). A mandibular mandible cast was made of type lll dental plaster and 4
parallel holes were made in canine and molars. Dental implant analogs were placed in the 4
holes (internal hexagon 3.8mm Xive, Friadent / Dentsply, Mannheim, Germany). An impression
of the original model was taken with the closed tray technique and a new model was made
from dental plaster type IV (Fujirock EP, GC). Scan posts made of titanium-based PEEK were

placed in the analogs.

All distances of the centers of the mapping axes were measured with a digital coordinate
measuring machine (CMM) (Mistral 070705, DEA, Brown & Form, North Kingstown, RI, USA) in
the Department of Mechanical Construction & Automatic Control of the School of Mechanical
Engineering. The same operator performed all measurements. 10 scans were performed for
each imprinting device on the fresh mold by the same operator. The same imprinting protocol
was followed for the intraoral scanners, starting from the farthest area of the right implant
occlusal area, continuing with the impression of the buccal surface and ending with the
impression of the lingual surface of the mold. Scanning conditions were stable at room
temperature (20 + 1 ° C) with no differences in humidity and lighting. Each digital impression
was saved as an STL file. A total of 90 STL files were obtained in this way from the 9 scanners
studied. A number was assigned to each implant The distances were divided into 2 groups: the
group of short distances (distances between adjacent implants) D1-2, D2-3, D3-4, and the group
of long distances (distances between non-adjacent implants) D1-3, D1-4 , D2-4. To test the

precision of the devices a comparison was made with the distances of the measurements of the



digital coordinate measuring machine (CMM) in absolute values and for the test of repeatability

a comparison was made between the measurements of the same device.

Results: For short distances, in terms of precision the laboratory scanners (AD, AM) seemed to
have a difference of 15-27um from the measurements of the digital coordinate measuring
machine (CMM) while the intraoral scanners from 28-157um. Most intraoral scanners did not
have statistically significant differences with the exception of the i500 (ME) device with an
average value of 98um and statistically significantly different device with an average difference
value of 157um. In the long-distance group, laboratory imaging devices were statistically
significantly better in precision than intraoral devices with an average value of 17-21pm
compared to most intraoral devices. Between which there were large deviations 39-259um.
statistically significantly worse, at these distances, appeared the Emerald (EM) with 226um and
the i500 (ME) with 259um. In the repeatability of short distances there were variations of 16-
78um. The Aadva (AD) had an average value of 16um but was not statistically different from
the Aman Girbach (AM) device with an average value of 20um and the Omnicam device (OM)
with a value of 31um. The Emerald (EM) device appeared to be the least repeatable with an
average value of 78um but not statistically significantly different from the Trios IV (TR) with an
average value of 61um. At long distances the repeatability of the laboratory devices was
statistically significantly better at 22um (AD) and 25um (AM). In the other devices, the Emerald
device (EM) with a value of 185um was statistically significantly worse, followed by the Trios IV

(TR) device with an average value of 93um.

Conclusion: The precision and reproducibility of digital imaging for infant patients treated with
intraoral scanners are not documented. Clinical studies are required to evaluate the results of

this in vitro study.
We could summarize that:

1) Laboratory scanners seem to have the best precisionand repeatability compared to other

scanners regardless of distance

2) Intraoral scanners seem to work better at shorter distances in implants and are less reliable

at longer distances.



3) Not all intraoral imaging devices are equally reliable. Some devices are more precise than

others over longer distances. While the same goes for repeatability.



