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Error analysis of stages involved in CBCT-guided implant placement with surgical guides when

different printing technologies are used
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A

Digital Bighl processing {DLP), continuous liguid interfecs printing
(CLIF), and stareclithograp by [SLA) teehnciogies enatle 3-dimension sl
(30) primting of surgical gu des. Mowever, how thelr accuragy compares

ard how accuracy may alfect subsecuent steps § 1 guided surgery is

unclear,

The purpese of this in vitro study was 10 I'nvestigate the Rbrication and
seating accuracy of surgical guides printed by using DLB SLA, and CLP
technalogies and evalugie the positional deviation of the astestorty

sive and p aced implam compared with the digital implant plan,

Models were dwided into 3 groups and Lsed o design surgical
Rudes
Sungical gudes were printed with DIF, SIA, or CLIP 3D nrintens
Scan file s compared with the cigtal cesign file 10 analyae the
Lebeicaton acturacy ot 1he intagho and owersll exteamal surfaces
using raot mean square (RMS) values.
The triple 5an protocol was used to evaluate the seating accuacy,
Ostectonies were prapdred on modals followed by 3
microcam putad tomagraphy image of sach osteatonmy.

ne impms were placed through the guides, the <can bodies were
tightened to implants, and the mode's were scanned to obtan the
images of placed implam gasition.
Qsrectamy and placed imphint images were used 12 t3 culate the
wnlry ponol, apea, and long axis devistions from the planned
implant position with a saftware program.
ANOVA of the RMS data was used tc analyze printng and seavng
trueness, and homegenalty of warlance analyses ware used at pach
curface for pracigion, ANCWA wat used 10 andiyze distance
deviations cver the stages (osteotomy and final implant) and
locations studied, and ANDVA was used for angular ceviatiors

Figuee 5 & A. Calor map for visual evaluation of intagl o surdace
devationa Colored arcas show discrepancy of imterna’ surface of
guide from design STL Ne. Tolaranca of 10 um (green), + 100 um (ree],
and 100 um (Alue). STL, stanclard tessellstion langusge; CLIP,
contimuous iquid interface printing. DLP, oigtal light processing; SLA,
stergol'thography.

Figure 1. Des igning sugical guide in planning software program.
Figure 2. Digital scan of scan body attached 1o implart.

nifcontly affected the trueness of the guide 2t the intaglio

surface (<00 uiges had the lawest mean RIVS [59.0¢ um) for irtagho
surface, while CLP the nighest mean RMS (117,34 pm). Gu'des from all 30
primters had low | amang measured devistions and therefore were

similartly precise. The WJ”JKU"H‘I Cf SLA and DL guides was not significantly
different, but both had lo mean AMS values than CUP (P= 003 for SLA, P=014
for DLP). Thate were no cant interactions betweon the stage of sLegery the

primter tyoe, or the lozalieh of implant deviation (2=, 734), Only the lozation of

denviation foervical vvru&-,al’ had & significant effect on distano: devistions

[P<.001). The printert stage of surgery, and their interaction did not

signific sifect angy lor deviations [P=41)
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Figure 3. Cstegfomy cevietion. Devistion at entry pont |
devaatian at agex (b); angular deviation (c).

Figure 4, Final Implant deviation, Deviation at entry point @)
devalion ot spex (b), engular deviation {c)

J

Figure 8. Root mean square means and 95%
conficenrce Imervals 1o 30 printers acccrding to
surface ard seatng trueness, CUP, DLP, SLA
Figure 9. Mean distance desiations and 35%
conficerce imenals, CLIE DLE SLA,

Figure 10. Mean angu'ar deviaticns and 95%
conficerce intervals. CLIP, DLP, SLA

udtion of cexting accuracy. Colared aree
slows space Lelween interld of swrgical guide seated on model Toleance
af 50 um (green), +1.0 mm | , and -1.0 mm (bise). CLP, continuous lcuid
nterface prinmtirg: DA, dght ht processing; SLA, stercol thography

The 30 printing te Wu"' afecied printing trueness. The intagho surface
trueness was Rghet with SLA and o'verall trusness was highe” with the QLW
printer. The preciion of s il guides was dmitarly high. Guices from SLA and DLP
printe~s had MEre accusate seating than those from CLIP. Higher deviations
were ouseny®d &' the anex: however, ostectory and final implant poasiticn did
not significartly d fer from the digtally planned pasition.
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Digital light processing (DLP), continuous liquid interface printing
{CLIP), and stereolithography (SLA) technologies enable 3-dimensional
(3D) printing of surgical guides. However, how their accuracy compares
and how accuracy may affect subsequent steps in guided surgery is

unclear.

The purpose of this in vitro study was to investigate the fabrication and
seating accuracy of surgical guides printed by using DLP, SLA, and CLIP
technologies and evaluate the positional deviation of the osteotomy
site and placed implant compared with the digital implant plan.
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entry point, apex, and long axis devxatlons from the planned
implant position with a software program.

= ANOVA of the RMS data was used to analyze printing and seating
trueness, and homogeneity of variance analyses were used at each
surface for precision. ANOVA was used to analyze distance
deviations over the stages (osteotomy and final Implant) and
locations studied, and ANOVA was used for angular deviations.

typeisignificantly affected the trueness of the guide at the intaglio
“StAguides had the lowest mean RMS (59.04 um) for intaglio
surface, while CLIP hNadithe highest mean RMS (117.14 um). Guides from all 3D
printers had low varial ity among measured deviations and therefore were
similarly precise. The seatig accuracy of SLA and DLP guides was not significantly
different, but both had loi mean RMS values than CUP (P=.003 for SLA, P=.014
for DLP), There were no sigiificant interactions between the stage of surgery, the
printer type, or the localien of implant deviation (P=.734). Only the location of
deviation (cervical versug@pical) had a significant effect on distance deviations
type, stage of surgery, and their interaction did not
tly affect angular deviations (P=.41).

Figure 3. Ostegtomy deviation. Deviation at entry point (a
deviation at apex (b); angular deviation (c).
mplant deviation, Deviation at entry point §);
x (b); angular deviation (c).
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Figure 8. Root mean square means and 95%
confidence intervals for 3D printers according to
surface and seating trueness. CLIP, DLP, SLA.
Figure 9. Mean distance deviations and 95%
confidence intervals. CLIP, DLP, SLA,

Figure 10. Mean angular deviations and 95%
confidence intervals. CLIP, DLP, SLA.

Figure 7. Color map for visud
shows space between inte
of 50 um (green), +1.0 mm (
interface printing; DLP, digita

aluation of seating accuracy. Colored area

of surgical guide seated on model. Tolerance
, and -1.0 mm (blue). CLIP, continuous liquid
ht processing; SLA, stereolithography.

The 3D printing teclogy affected printing trueness. The intaglio surface
trueness was high@rwith SLA and overall trueness was higher with the CLIP
printer. The preciion of all guides was similarly high. Guides from SLA and DLP
printers had MOre accurate seating than those from CLIP. Higher deviations
were obseryﬂht the apex; however, osteotomy and final implant position did

Figure 5 & 6. Color map for visual evaluation of intaglio surface
deviations. Colored areas show discrepancy of internal surface of
guide from design STL file. Tolerance of 10 um (green), +100 um (red),
and -100 um (blue). STL, standard tessellation language; CLIP,

rantiniinae linnid intarfara arintine: NI D Adisital lisht nracaccina: €1 A

Figure 1. Designing surgical guide in planning software program.
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- planned

Digital light processing (DLP), continuous liquid interface printing e
(CLIP), and stereolithography (SLA) technologies enable 3-dimensional
(3D) printing of surgical guides. However, how their accuracy compares

and how accuracy may affect subsequent steps in guided surgery is

unclear.

The purpose of this in vitro study was to investigate the fabrication and
seating accuracy of surgical guides printed by using DLP, SLA, and CLIP
technologies and evaluate the positional deviation of the osteotomy
site and placed implant compared with the digital implant plan.

ificantly affected the trueness of the guide at the intaglio
uides had the lowest mean RMS (59.04 um) for intaglio
e highest mean RMS (117.14 um). Guides from all 3D
among measured deviations and therefore were
accuracy of SLA and DLP guides was not significantly
mean RMS values than CLIP (P=.003 for SLA, P=.014
ficant interactions between the stage of surgery, the
of implant deviation (P=.734). Only the location of
ical) had a significant effect on distance deviations
e, stage of surgery, and their interaction did not
affect angular deviations (P=.41).

surface, while CLIP
printers had low varia
similarly precise. The sea
. different, but both had |
. . for DLP). There were no
printer type, or the locafi

deviation (cervical vers

yemmemmesssscssnsnns

Figure 3. Osteatomy deviation. Deviation at entry point (a
deviation at apex (b); angular deviation (c).
Figure 4. Final implant deviation. Deviation at entry point (8);
deviation at apex (b); angular deviation (c).
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Figure 8. Root mean square means and 95%
confidence intervals for 3D printers according to
surface and seating trueness. CLIP, DLP, SLA.
Figure 9. Mean distance deviations and 95%
confidence intervals. CLIP, DLP, SLA,

Figure 10. Mean angular deviations and 95%
confidence intervals. CLIP, DLP, SLA.
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Figure 7. Color map for visua
- shows space between interfz
of 50 um (green), +1.0 mm (
interface printing; DLP, digita

aluation of seating accuracy. Colored area

of surgical guide seated on model. Tolerance
, and -1.0 mm (blue). CLIP, continuous liquid
ht processing; SLA, stereolithography.
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The 3D printing tec.!ogy affected printing trueness. The intaglio surface
trueness was higher with SLA and overall trueness was higher with the CLIP
inter. Th ision of all guid imilarly high. Guid SLA and DLP
guide fram design STL file. Tolerance of 10 um (green), +100 pum (red), prln_ of X wra g es'was ity lepti; Guides from .an.
: printers had/meore accurate seating than those from CLIP. Higher deviations
o f i 7 and -100 um (blue). STL, standard tessellation language; CLIP, : g e A
Play slideshow LM BPIST-0ll surgical guide in planning software program. rantiniaic linnid intarfara nrinting: NI D Aiaital lidht nrarcaccinag: €1 A were obseryed at the apex; however, osteotomy and final implant position did

Figure 5 & 6. Color map for visual evaluation of intaglio surface
deviations. Colored areas show discrepancy of internal surface of
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Figure 3. Osteatomy deviation. Deviation at entry point (a
I deviation at apex (b); angular deviation (c).

Digital light processing (DLP), continuous liquid interface printing
(CLIP), and stereolithography (SLA) technologies enable 3-dimensional
(3D) printing of surgical guides. However, how their accuracy compares

and how accuracy may affect subsequent steps in guided surgery is

unclear.

The purpose of this in vitro study was to investigate the fabrication and
seating accuracy of surgical guides printed by using DLP, SLA, and CLIP
technologies and evaluate the positional deviation of the osteotomy
site and placed implant compared with the digital implant plan.

B

affect angular dewatlons (P=.41).

o Figure 4, Finalimplant deviation. Deviation at entry point
deviation at apex (b); angular deviation (c).
Figure 8. Root mean square means and 95%
confidence intervals for 3D printers according to
surface and seating trueness. CLIP, DLP, SLA.
Figure 9. Mean distance deviations and 95%
confidence intervals. CLIP, DLP, SLA,

Figure 10. Mean angular deviations and 95%
confidence intervals. CLIP, DLP, SLA.

* Models were divided into 3 groups and used to design surgical
guides.

* Surgical guides were printed with DLP, SLA, or CLIP 3D printers.

* Scan file was compared with the digital design file to analyze the
fabrication accuracy at the intaglio and overall external surfaces
using root mean square (RMS) values.

* The triple scan protocol was used to evaluate the seating accuracy.

* Osteotomies were prepared on models followed by a
microcomputed tomography image of each osteotomy.

* The implants were placed through the guides, the scan bodies were
tightened to implants, and the models were scanned to obtain the
images of placed implant position.

* Osteotomy and placed implant images were used to calculate the
entry point, apex, and long axis deviations from the planned
implant position with a software program.

* ANOVA of the RMS data was used to analyze printing and seating
trueness, and homogeneity of variance analyses were used at each
surface for precision. ANOVA was used to analyze distance
deviations over the stages (osteotomy and final implant) and
locations studied, and ANOVA was used for angular deviations.

Figure 7. Color map for visua
shows space between interfa
of 50 um (green), +1.0 mm (
interface printing; DLP, digita

aluation of seating accuracy. Colored area

of surgical guide seated on model. Tolerance
, and -1.0 mm (blue). CLIP, continuous liquid
ht processing; SLA, stereolithography.

The 3D printing tecl!ogy affected printing trueness. The intaglio surface
trueness was higher with SLA and overall trueness was higher with the CLIP
printer. The precision of all guides was similarly high. Guides from SLA and DLP
printers hadmaore accurate seating than those from CLIP. Higher deviations
were observed at the apex; however, osteotomy and final implant position did

Figure 5 & 6. Color map for visual evaluation of intaglio surface
deviations. Colored areas show discrepancy of internal surface of
guide fram design STL file. Tolerance of 10 pm (green), +100 pum (red),
and -100 um (blue). STL, standard tessellation language; CLIP,
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Figure 1. Designing surgical guide in planning software program.
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| position

Digital light processing (DLP), continuous liquid interface printing
(CLIP), and stereolithography (SLA) technologies enable 3-dimensional
(3D) printing of surgical guides. However, how their accuracy compares

and how accuracy may affect subsequent steps in guided surgery is

unclear.

The purpose of this in vitro study was to investigate the fabrication and
seating accuracy of surgical guides printed by using DLP, SLA, and CLIP
technologies and evaluate the positional deviation of the osteotomy
site and placed implant compared with the digital implant plan.

ignificantly affected the trueness of the guide at the intaglio
uides had the lowest mean RMS (59.04 um) for intaglio
e highest mean RMS (117.14 pm). Guides from all 3D

ity among measured deviations and therefore were
accuracy of SLA and DLP guides was not significantly
mean RMS values than CLIP (P=.003 for SLA, P=.014
ficant interactions between the stage of surgery, the
d of implant deviation (P=.734). Only the location of
ical) had a significant effect on distance deviations
be, stage of surgery, and their interaction did not
affect angular deviations (P=.41).

surface, while CLIP

printers had low vartfi

similarly precise. The sea

' . different, but both had |
- | for DLP). There were no
printer type, or the locatl
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(P<.001). The printe
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Figure 3. Osteatomy deviation. Deviation at entry point (a
deviation at apex (b); angular deviation (c).
Figure 4. Final implant deviation. Deviation at entry point @);
deviation at apex (b); angular deviation (c).
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Figure 8. Root mean square means and 95%
confidence intervals for 3D printers according to
surface and seating trueness. CLIP, DLP, SLA.
Figure 9. Mean distance deviations and 95%
confidence intervals. CLIP, DLP, SLA,

Figure 10. Mean angular deviations and 95%
confidence intervals. CLIP, DLP, SLA.
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aluation of seating accuracy. Colored area
of surgical guide seated on model. Tolerance
, and -1.0 mm (blue). CLIP, continuous liquid
ht processing; SLA, stereolithography.

The 3D printing tecl!logy affected printing trueness. The intaglio surface
trueness was higher with SLA and overall trueness was higher with the CLIP
printer. The precision of all guides was similarly high. Guides from SLA and DLP
printers hadmore accurate seating than those from CLIP. Higher deviations
were observed at the apex; however, osteotomy and final implant position did

Figure 5 & 6. Color map for visual evaluation of intaglio surface
deviations. Colored areas show discrepancy of internal surface of
guide from design STL file. Tolerance of 10 um (green), +100 um (red),
and -100 um (blue). STL, standard tessellation language; CLIP,

rantiniianc linnid intarfara narintina: NI D Adiaital licht nracaccina: €1 A

SLAGTTG L EIEEFigure 1. Designing surgical guide in planning software program.
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