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in the present study has proved high accuracy lor dental
implants insertion.

By comgaring the treatment plan digstal e with postin-
serlion digital impression, withoul reguiring postoperative
CBCT for assessing implant placement accuracy, a further
radiation exposure may be avoided. However, a validation
stwdy comparing error analysis using postoperative CBCT
versus intracral optical scans shoukl be performed In order
o evalusie the polential errors arising ffom impression
iking (error of the optlcal scanner), superimposition of the
surfaces, segmentatben of implants in the soltware. error
caleulation algoriihm, and so forth.

Within the limits of the present study, asscszment of
insertion acousacy by comparing tremment plan sl file and
optical impresston of implants placed may be considered a

promising protocol for gelded surgery evaluation in larger
prospective clinical irials,
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The point {or marker} based registration used o match
the stl files s eonsddercd an sceurate and fast method for
superimposition, but depending on the number and the
location of the markers (remaining teeth) [26], Therefore, the
heterogeneous distnbution of the remaining tecth could be
considercd one of the limitations of the present study.,

The performance of computer-guided implant systems
and their accuracy relics on all the comulative and inberac-
tive errors involved, from examination, impression, CBCT
data acypuisivion, and guide manufacturing o the surgical
procedure and improvements of templates design should be
performed 1o reduce inaccuracy [12],

The aim of this sudy was to evalsate the acouracy
of computer-gulded dental implant insertbon in partially
edentubous patients with the use of a sterealithographic
template with sleeve structure incorposated into the design,
The drilling system wsed allowed s higher accuracy of implant
Macement comparing o the dates recently reported in the
literatiire. From the 65 conseoutive implants inserted with the
direct drill-guiding system, the placement errors measured
were .79 (max. 230mm) [27] at the entry point and LI7
{max. 3,22 mim)at the apex, within the acceptable bower ange
of error in the literature. Tahmaseh and coworkers [17] in a
systemiafic review analyzing data retrieved from 24 studies
reparted an imaccuracy at the implant entry podnt of L12mm
with maximum of 4.5mm on 1,530 implants, respectively,
and an inaccuracy of L3 mm al the apex of implants with
masimum of 71 mm when measured on 1,465 implans [17],

The maximum inaccuracy registered (3,22 mm} was mea-
sured for [1.5mm length implant inserted in the posterior
muikilla. The length of the imglant, the softer bone in maxilla
albowing slightly deviation during ham! ratchet insertion,
and also the limited access with surgical instruments in the
posterior arca [6] could cause this high placement errar.

A significantly better 30 overall positional acowracy was
noticed in the mandible comparing to the maxilla, resilis
similar to Ozan et al, (28] findings, Other studies reported no
difference [17, 28] or lower accuracy [0, 31] when the guide
was used in mandible,

The most netable error with guided surgery was expected
I pocur in vertical direction (loo superficial imglant posi-
tion) due to the presence of debris in the implant cavity [12]

ar b the Mockage of the implant hobders in the sleeves of the
pubde during surgery [ 32]. However, the use of a guide sleeve
incorporated in the design with no need for additional mietal
sleeves and aba the presence of the additional buccal window
allowed debris memoval duning drilling and irrigation results
in a reduced vertical deviation $.50 (£0.38) when compared
to Farley and coworkers findings (1.24 mm £ 0.78 mm} The
obtained values were also lower comparing o the findings
of Lee and coworkers [19] on 21 conseécutive implants, The
authors reported o 00925 (20.376) depth inaccuracy using
the same type of surgical template but a different implant
tAnyUne, Megugen Impland, Gyeongbuk, Korea), involving
different drilling sequences.

The angle deviation value 234 (£0.85) from the present
shusidly was bower thaa the mcan rate (3890 reported in the sys-
tematic review conducted by Tahmaseb and coworkers [17]
bt simailar o the deviations reported by Lee and cowarkers
[19] utilizing the same guided bnplant system, The dleeve
incorporated serealithographic surgical template for Aapless
implamt insertion is designed o bower mechanical tolerance
of surgical instruments [19], considered by Vercruyssen and
cowarkers [12] a source of emror ocourring during cxecution
phase, leading to improper implant positioning,

Generally, the inaccuracy of the implants insertion
cxpressed by the fowr paramecters recommended belng
aasgssed (330 deviation at the entry point; deviation at the
apex; deviation of the long asis (angular deviation); and
deviathon in height/idepth registered in our study lower values
than the mean obtained from other studies confirming thag
the use of shank-masdificd drills and sleeve incorporated
stereolithographic templates 15 an effective way 1o Improve
the accuracy of implant placement.

The results of this study support ihe refection of the null
hypothesis, both regarding the inaccuracy between planned
and inserted implants and also regarding 30 deviation in
maxills and mandible implants.

5. Conclusions

The surgical template with sleeve incorporated, designed 1o
reduce mechanical wolerance of surghcal instruments, used
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Froene B Qualitstive cobor-oodided graphical analysss of implants planned (reference] amd placed (et ] in Ceoomagie Chualily® sofiwane.
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Fene 7 Meavuwrement of 30 accuracy of the planed {referenoe] and effective Tmplaiml inseition (lest), « rephosents daghee syiebaod (7] as it

masani un sngle,

regarding the tse of new methods such as dightal bnpresidoie
for studbes on accuracy of gubded bnplam placemenl

In order 1o compare two virtaal objeas (treatment plan
and scanned implant position), the stl Bles were Inported
in Greomagic Qaalify sofiware (Rock HEUL S, UISA), recom-
irecibibed as & powerful indusirial ibspection wal, previously
used in dental rescarch to assess comventional impression
bechnisue and digital impression [10] and also intracral and
extraoral scanners [24).

Thi superimposition of thee dwen 2t files {Ureatment Illln
and digital impression of the lmplant: placed) was performed

with poinl reglsration, by seitbig (he Landmark podnls om
the neighboring tecth, The soltware then calculated the
matrix for the best fit between surfaces (st files), treagment
plan was sef as reference, and the locations of the placed
implants were compared io the viFually planned implants
A spmiilar superimposiion protocol, bul for conmparing pre-
and postoperative CBCT Ales, was wsed by Turbush and
Torkyilmaz | 25] in an in viteo study on acrylic resin mandibie
for aseessing the sccurncy of implant placement by wusing
3 dilferent types of 'I-IJIEI-:.'J' Hui.ik: I'lr.mu'-mppurlud, lis by
supparted, and mcosa-smpponied
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Tanee 1 Discrepancy valoes @ entry point, apex, sngalar deviation, amd vertbcal doviation,

Crverall [ = 65) Implands

Samlible (o= 33 fmiglamia}

Mastlla (n = 32 imgplamis)

Mlean (510} Mean (513) LY Mlin Mean (51¥) Max Alim
'_“'“;"""'"'T:’ ol 079 2052 (LA (£0140) L34 ikl i | £0.58) 130 ki
| Bk
AT error apex {mm) LI7 {063 596 { 2 h 44 1 12 |38 | s 1.3 1,14
Angular devistbon 2 34 [085H 111 {+iLRH) ia0 050 LER{+LT5] 411 |
{degree]
Veribeal deviation a
entry puiml {z-axis, 0,50 [ =038} 0,48 [ ) 154 1440 (135 {+0.42) 1. %,

TV

Ll

Frovtme ¥: {a) Sargical vensplate applied over the edentulous ane and adjacent teeth, () Secomd drill ysed for flaples implant site preparation,

Froume 4: Imglam inserion with hamd racher. The racht conmec-
b b dix green verticad lindmarks (oormosponding 1o impleit he)
wid w Bovizontal referende line. In onder to reproduce the planned
kmyplani position, the horzondal reference lne should malch with
the upper border and the groem vertical landmark with the window
o the mirgical lemplate.

The mean [and stomdard deviathon) of 30 error ot the
entry podnt was 0,798 mm (£052) and at the implant apex
was LIT mim (£0063) and most of the superimposed surface
were green mapped (error & 00995 mm), indicating o high
aecuracy level between model (treatmend p]:ln] and Lesy
(implants placed).

However, differences in accuracy wene noticed when
analyring implants inserted in maxillz and mandible { Figures
9-11 and Table 1) For the mandible, a stanificantly lower
30 error was observed al entry point p o= 07, at implan
apex po= 008, and also In angular deviathen p = 030

Ficuee 5 Digial impressdion of the laplants siter screwiing the soin
shiglmienl

when comparing the 3D error of the implants inserted in the
miaxilla, %o significant difference in acouricy betwoen min-
{lls and mandible was notbced regarding vertical deviatbon at
eniry poil [p= 314

4. Discussion

To our knowledge, this is the first sudy assessing in vivo
accuracy of :urrlpulﬂup.l.idn:d {satic) implanl insertion h!.'
comparing o digital file (treatment plan) with postinsertion
digital impression, without using a postoperative CRCT for
this purpose,

The protecol proposed for evaluating planned and per-
fermed implants neertion was deslgned in acoordance with
the recommendations stated by Bornstein and coworkers | 23]
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Friumk & The sterealithographic sengical gusde utilbod in all cases
haul the guide sleeve incorporated in the design, eiminating the
e for additions jreeertion oF metal goide sbeeves. All mrgical
drillls usesd bad ¥ pars: the stapper part. ithe pu:d-t' i, and ik
drilliog part (18], Stopper amad gubde parts are identical for all dnills
il expectally dixigned for RhGane® surghcal semplate, Drilling part
vagis i longih aeal Jasmoter accondiig to dse drilllng protocol

all surgeries were performed according 1o the manufaciurers
instructions, by one experienced surgeon, under ol
anestheséa, osing Rapless, minimally invasive techniue.,

Perfect fit of the templaie was assessed prior to surgery
{on the diagnostic gypsum cast) and intraorally, on adjacens
tecth. Adequate momith opening after surgical template inser-
tHion was abo verified in onder 1o avodd displacement of the
surgical instruments during site preparation,

The tooth-supported surglcal template was applicd over
the edentubous arca and sdyascent tecth and the correspomling
ahank-masdifiod drills were ased {Figares 3ah and 3(bjL

A fully gulded site preparation and [mplant sertion was
perfermad. lmplams were inseried wsing @ hand ratchet up
i the required landmark in order 1o reproduce the planned
insertion depth (Figure 4),

24 Accivacy Agiessmenl, Adter imgdamt imsertion, digital
impression was performed using the intraoml scanner C5
3500 (Carestream Health, Inc, Rochester, KY, USAL Stan-
dard scan abutment was srewed onlo each implant priar 1o
impression [ Figure 5) and the obtained sl Ale was imporied
in Geomegic Qualify 2003 software (Rock Hill, SC, USA),
The stl fle of the corresponding inserted mmplant {length
and diameter) was then attached to each implant by perfect
matching of the scan abutment, using beat fit mlgoritm,

Treatment plan exported from R2GATE software, as st]
file as welk with scan abutment included was also imported
in Geomagic Cualify 2003 software and the cormesponding
irmplant stl file was pelded for cach fixture,

Far examining the deviation between the planned and
placed position of esch implant. treatment plan dot set and
digital impression with scan abuiments were superimposed.

Treatment plan wan sef as reference, the 30 coordinste
anes were defined (x: buccolingual, v meskodistal, amd z:
apicocoronal), and the digital impression was aligned 1o the
referenice using the bewt i algorithm [20). Alignment was
perfermed for perfect matching of the neighboring tecth.

To focilhate am accurate evaluation. frrelevant ascas,
bevond the field of interest, were removed.

The entire work fow is presented in Figore 6.

For accuracy analysis the following paramcters were
assessed [17] using Geomagle Qualify 2003 software (Fig-
wre 7k

(i) 30 error ot the endry point measuses) ot the center of
the implant {in mmj,

(i} 30 ervor at the apes measared 4 the center of the
implant gpex {in mm},
(i} angular deviation,

{iw) vertical deviation ai eniry point messured at the
cemter of the implant {on z-axish

The 31 deviation was calculated by the software taking into
omsideration the deviation on each direction set as fallows:
x = buccolingual emmos, 3 = mesiodistal emos, and = =
apicocoronal errar, using Pythagorean Thearem [I7):

30 dev.= Yot # 7 + 2 {1

The three-dimensional differences between planned (ref-
erence) and placed implants (test) are alw dlusraied in
# cobor-coded map afier selting £2mm as accuracy limit,
The significance of color cobe is: green, perfectly matching
sirfuce [error & 00995 mm}, vellow, test model positively
positioned relative 1o reference, evror between 40,0998 and
#01.7297 mim;, orange, crros between +0.72%8 and +1.1598, red,
error between +1.359%9 mm amld +2.0000 mm, b, test model
suringe negatively positioned relative io reference surface,
from = 00996 mm (ight blue) to - 20000 mm (dark blue),
ansd gray, test model surface positionsd autside the scouracy
limit being set (Faguare &)

Immediate or comentional boading of implints was
planned according to the CBCT preiurgical cvaluation and
performed after measufements of Insertion ¢ value
ATV aned drmplany stabilivy quothent (150 with Ossteil Men-
tor® [Gothenburg. Sweden) and the corresponding Smartl'eg
21].

Staiiudical analyses were performed wsang XLSTAT 2006
[ Addinsedl, MNew York, WY, LUSA ] Mann-Whitsey LT tes) was
used 1o compare accuracy between masillary and mandibular
surglcal templates A pvadie < 05 was considered significant,

3, Resulis

A bidal of sixty-five implants were inserted in twenty-five
partially edentulows patiente: thirtydwe in the maxilla and
thirty-three in the mandibe using teoth-supported wrgical
templates and a fapless technigue. Neither complications nor
uncxpected evends eoourred during implants insertion

Loading protocol wae performed a3 (ollows: eleven
implants were immediately loaded with screw-retained
acrylic cromms manufactured prior fo surgory, fowrty-four
imiplanis were carly losded {after & weeks' healing period),
anid ten implants were conventlonally braded due 10 sbli-
tional bone graft requirements of the specific sites [22]. Mo
irmplant weas lost ot 12 months’ follow-up, meaning s 1060%
survival rae.

The mcan lengil and diameter of the AnyRidge { Megagen
Lmplant, Gyeonphule Korea) implants bserted were 274 mm
[xL48) and 4.03 mm (0400, respectively.
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implants [12], Ervors can occur at each individual step and the
final inaccurscy is the sum of all mistakes.

Assering the overall errors with a static guided implant
protocol i mandatory in order 1o

(i) improve the design and manufacturing of the surgical
template and the overall protocol of imglant tnsertion,

(i1} plan the implant position a1 a convenient distance,
considering the occurrence of insertion inascuracy, to
elude complications and also to avold damage of vital
siruciuines,

(i} provide precise prosthetic reconstructions prior o
surgery, nesulting in reduced treatment time.

The accuracy astessment betwoen planned and placed
implant position was, in most of the studies published, based
e matching preopesative and postoperative CRCT aver the
treatmend plan [13-16], requiring radialogical investigation
with higher irradiation dose, mot in accordance with ALARA
principles.

A method of surgical template accuracy assessment
avoiding a second CHET investigation is necded (17

Therefore, the abm of this study was 1o evaluate, by
superimpasition of 3D digital Ales, the accuracy of computer-
guided dental implant insertion in partially edemubous
paticnts wsing a stercolithographic termplate with sleeve strc-
ture incorporated inte the design,

The null hypotheses of the present study were iopmulated
as folbows:

{1} Neither angolar nor 30 deviations would be found
between the planned and placed implant position
with the proposed compuiee-guicled surgery protoced.

(2} I peesent, no statistically significant deviations would
e found in all directions between masillary and
mandibiular implants fnserted.

2, Materials and Methods

Twenty-lve conscoulive partially edentubous patients (20
women and 5 men, age ranged between 32 and &6, mean 51
years), incheded in Classes | and I, aceording to the Amer-
ican Collepe of Prosthodontiss dassification [18], requiring
dental implant placement, were enrolled i this prospective
dlindeal study Ifl:"]'mi..'.:"'ruh.ﬁm ldentifier: NCTOX1817)
conducted, between April 2005 and December 2006, in
accendance with ethical principles Inchuding the Workl Mad-
ical Associaton Declaration of Helsinki and approved by
the Bioethics Commitiee of “Coarol Davila® University of
Medicine and Pharmacy (FIV0L06.H015). Wirtten consent of
each subject was alvo obtained,

Patients with Hmited bone volume requiring staged bone
graft, lmited mowth opening (impessibility of using a surgi-
cal template), or history of Parkinson disease (impossibiliny
of performing an accurate CBCT) were excluded from the
present study.

21 Patient Dot Collechion. After initial examination, an
accurate impression of the surgical siie and the opposite

International fournal of Dentlstry

Frivuee 1= Manniod implant isserban n B2GATE® ifiware.

arch, for stofe casts, was laken Lo all patients. For perfect
30 matching of the scanned models with the CECT files, o
radiopaque datum tray {RETray®, Megagen Implant, Gyeong-
bk, Konea) was custamized with sillcone (Registrado Chear®,
VOO, GmbH, Cuxhaven, Germany) on the dental arch to
I restiored with implants. Same silioene was uiilized for bdte
regstradion,

A larger volume CBCT was performied for cach patiem
with the customized datum tray, using Prodax 30 {Plan-
meca®, Helsinki, Finland) with g rolation of 380°, for data
acquisition, All CBCTs were performed with the following
characteristics: Hebd of view (FOY: helght and diameter ) was
1610 s aned E60 mom, vose] sive was 0,3 mm, and the exposure
factors were HOKY, A.0mA, and 157795 exposure time,
1m‘|:||:r:l'1 l.'_'arnpr:! F||.1.11 I,.M:l-'l'r.:.gml |.1.1r.1]||:|. tiv Borkeonial
plane,

A series of axially sliced image dats were obtained and
gaporied io a personal computer in DICOM [ Digital Imaging
and Communications in Medicine) format, Stone models,
individually and in centric occlusion and datum trays, weee
scanned wsing a [0 700 30 scanner {35hape®, Copenhagen,
Penmark} and imported as stl (standard tessellation lan-
guage) files

2.2 Trestment Plar. DICOM files obtained from CRCT and
stl files were imported in a iresimient plan software R2GATE
verslon LO.0 { Megagen, Gyeonghak, Korea) and BXTray was
used as landmark for superimposition of the scanned madel
and underlying bone inmage. Implants length and diameter
were sclected and drilling protoce] was planned according bo
the final restoration and bone anatomy {Figure 1),

A surgical template was designed and falwicated, (o
each vreatmgnt plan, wiing Clear Guide M, a light coring
material 1o be wsexd in an adsditive manafacturing technology
{Stercalithography ) with EnvisunTEC Perfictiory® 300 pringer
{Gladbeck, Germany), The surgical template used is sleeve
incorporated [Figure 2), requiring shank-modified drlls for
minimizing mechankcal tolerance of the instruments andd
increasing accuricy, ad described by Lee and coworkers [19].

1E  Implard Surgery, All 65 implands  inserted  were
AnyRidge® (Megagen Implant, Gyesngbuk, Korea) and
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The am of this sidy was o evaluale the accuracy of a sterealithographic emplave, with sbeeve structone incorporated o L
design, for computer-guided demtal implant insertion in partially edemubous patlenis. Matersals and Methods. Shoy-five implants
were placed In twenty-five consecutive paticats with a storesllthiegraphic surgical template. Afier sungery, digiial impression was
taken and X0 insccomcy of implants pesition at entry paint, apex, and angle deviation was measured using an inspection fo
software. Mann=-Whitney U test was uied 10 compare ascuracy between maxillary and mandshular surgical guides. A p value <
05 was conddered :d}m:iljn:anl. Besults. Mean (and standard deviation] of 31 error at the enbry point was 0798 mm (2052, al the
immplant apex il was LI7 man [£063), and mean angular deviation was 234 (00850 A statistically significant reduced 310 eoror was
abserviad ot entry point p = (K7, of Imgplant apex po= D08, and also in angular deviathon p = 030 n mandible when comparing
to manilla, Conelrsions, The surglcal template geed has proved high accaracy for implant Insertion, Within the limbations of the
preseni 1|:|.|.|l:.-, the |1||:|I:uu|| far t(lﬂllh.l]’i]]! a diﬁjul e {iread mesl phll:l with rHHti:ll!u.'l"lHlll nliEiIa.] impn-s.::iun may be consideresd a
wselul procedure foe sssesdng sungice] template sccuracy, svobling mdiatien exposire, durng postoperative CICT scanning,

1. Introduction mienitor. Dynamic guided implant surgery allows the surgeon

. — toraadfaest the implant position in real time but is not frequently
Nowadays. cone beam computed tomography (CBCT). 0 mostly due to the initial high costs of the equipment
advanced technology at reasomable costs and low radiation requested |,ﬁ]

dose |1, 2], made it possible to better visualize the underlying Static guided hplam gy i preferred dug 1o

bone structures for @ more precise implant rehabilitation ; :
; : . : increased predictability, reduced invasiveness of surgical
comiparing to the standard two-dimensional (203) radiogra- e [T Seoe: Bialinig: weriod). Peqined. Seriaig

treatment time, and increasing patient satisfaction [8).

The sccuracy of a guided implant surgery svstem s
defined s the deviation between the planned and placed
position of an implant [4].

Proper implant position, “prosthetically driven,” is fun-
damental in order to achieve an acsthetic and functienal
implant-supporied restoration [3] and ¢an be analyzed and
planned with the asststance of numerous types of dedicated

software [4). Implant positioning accuracy is crucial especially when
In arder to transfer the planned implant position infor.  immediate restoration is intended and limited space ks avail-

DO  mation to the dlinical siuation, lung and coworkers [3]  able and to avoid damaging the vital structures [9-11].
I defincd twio types of technigues: "static,” applying surgical The protocel of static surgical guidance invalves sev-

temiplates. and “dynamic,” transferring the selected implant eral steps from dats collection, o planning. surgical tem-
position to the surgical area via visual imaging tools on a plate manufzcturing, and etfective surgical placement of the
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