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Rezumat

Rezultatul protetic precum si succesul pe
termen lung in reabilitarea implanto-proteti-
céd depind de un sir de factori precum: pozitia
si numarul implanturilor, tehnica chirurgi-
cald, oferta osoasd si mucoasd s.a. Chirurgia
conventionald (free hand surgery) nu permite
in toate cazurile plasarea implanturilor in cea
mai bund pozitie din punct de vedere protetic
si biomecanic. Odata cu dezvoltarea tehnolo-
giilor de scanare si printare tridimensionala,
planificarea rezultatului final permite realiza-
rea ghidurilor chirurgicale pentru asigurarea
unei pozitionari cat mai exacte a implantu-
rilor dentare [1,2]. Analiza comparativd a
metodelor de instalare conventionald si ghi-
data de instalare a implanturilor a demon-
strat avantaje semnificative in pozitionarea
implanturilor in favoarea chirurgiei ghidate.
Totusi, odata cu aplicarea diferitor manevre
suplimentare in realizarea tratamentului (am-
prentare, scanare, planificare, realizare ghid),
au fost observate un sir de neajunsuri si erori
ce pot periclita realizarea tratamentului.

Cuvinte cheie: chirurgia ghidata, reabili-
tare implanto-protetica.

Introducere

Odatd cu dezvoltarea tehnologiilor computeriza-
te, a crescut si semnificativ utilizarea acestora in ghi-
darea medicilor la realizarea tratamentelor implan-
to-protetice. Un impact major al acestor tehnologii
a fost integrarea in procesul de planificare a trata-
mentelor. Treptat, utilizarea planificarilor virtuale in
reabilitarile implanto-protetice au devenit o necesita-
te, iar utilizarea tehnologiilor de chirurgie ghidatd a
permis evitarea plasarii eronate a implanturilor [3].

In ultimii ani, dezvoltarea proiectirii asistate de
computer prin tehnologia de fabricatie (CAD / CAM)
a permis imbundtatiri mari [4]. Asistarea de compu-
ter virtuale au imbunatitit planificarea, localizarea
viitoarei lucrari cu implanturi §i au permis transfera-
rea acestora cu o precizie maxima din planului vir-

GUIDED SURGERY IN IMPLANT-
PROSTHETIC REHABILITATION

Cojocari Oleg,

student year 5 USMF ,,Nicolae Testimitanu”
Mostovei Andrei,

PhD, associate prof.,

Chele Nicolae,

Dr. Habilitate, assoc. professor,

Department of oral-maxillo-facial surgery and oral
implantology ,, Arsenie Gutan” IP USMF ,,Nicolae
Testimitanu”

Summary:

The prosthetic result as well as the long-
term success in implant-prosthetic rehabili-
tation depends on a series of factors such as:
position, number of implants, surgical tech-
nique, bone and mucosal offer, and others.
Usually, free hand surgery does not allow in
all the cases to place implants in best position
from the prosthetic and biomechanical point
of view. Due to the development of scanning
technologies and three-dimensional printing,
the planning of final results allows the print-
ing of surgical guides, to ensure the most ac-
curate position of dental implants [1,2]. The
comparative analysis of conventional and
guided implant placement methods has dem-
onstrated significant advantages in favor of
guided surgery. However, with the application
of additional maneuvers in the treatment (im-
pression, scanning, planning, template fabri-
cation), a number of disadvantages and errors
were observed that may affect both, the treat-
ment and results.

Key words: guided surgery, dental im-
plants, implant-prosthetic rehabilitation.

Introduction

With the development of computer technologies,
their use in guiding doctors to perform implant-
prosthetic treatments has significantly increased. A
major impact of these technologies has been the inte-
gration into the treatment planning process. Gradu-
ally, the use of virtual planning in implant-prosthetic
rehabilitation has become a necessity, and the use of
guided surgery technologies has made it possible to
avoid the wrong placing of implants [3].

In recent years, the development of computer-
aided design through manufacturing technology
(CAD / CAM) has led to major improvements [4].
The assistance of virtual computers improved the
planning, the location of the future work with im-
plants and allowed their transfer with maximum
precision from the virtual plan to the surgical field,
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tual cétre campul chirurgical, cu ajutorul ghidurilor
chirurgicale, fapt ce a permis obtinerea unor rezultate
mai previzibile decat protocoalele cu ména libera [5].

Un sablon chirurgical (ghid) este definit ca o
proteza utilizatd pentru a ajuta clinicianul la plasa-
rea chirurgicald a implanturilor. In literatura una din
clasificéri delimiteazd ghidurile in 3 gupuri in depen-
dentd de restrictiile chirurgicale: design nelimitativ,
limitativ partial si complet limitativ [6].

Protocolul nelimitativ foloseste sablonul doar
pentru perforarea initiala (,exercitiu pilot”), iar so-
clul osos rezultat ar trebui sd ghideze viitoarea ne-
oalveold. Protocolul ghidat partial foloseste sablonul
pentru toate osteotomiile si numai plasarea implan-
tului se realizeaza fira sablon. Ghidarea partiald este
o solutie universald, care ofera ghidarea in proce-
sul de forare pand la diametrul necesar. Protocolul
complet ghidat foloseste sablonul de la prima forare
pana la plasarea implantului [7,8]. Majoritatea stu-
diilor s-au concentrat asupra preciziei protocolului
complet, iar rezultatele lor indica faptul cd ghidarea
completd produce o precizie mai mare decét nivelu-
rile mai mici de ghidare [9]. Totusi, acestea sunt si ele
susceptibile din cauza faptului cd instalarea in pozitie
optima a implantului depinde de un sir de factori lo-
cali, si nu doar de directia de forare.

Canullo si colegii sdi au estimat cd aproape juma-
tate din cazurile de peri-implantitd ar putea fi dato-
ritd pozitiondrii incorecte a implantului [10]. Revi-
ew-urile literaturii de specialitate au demonstrat o
ratd mai mica de succes la implantele inserate dupa
metoda conventionala, pe cand rata de supravietuire
a implantelor inserate cu ajutorul ghidurilor fiind de
peste 92% [11].

Scopul lucrarii
Evaluarea aplicabilitatii ghidurilor chirurgicale in
realizarea tratamentului implanto-protetic

Material si metode

Studiul a fost realizat pe 14 pacienti la care s-a re-
alizat tratament implanto-protetic. La 7 pacienti (cu
13 implanturi, grupul de studiu), pentru inserarea
implanturilor au fost confectionate ghiduri chirurgi-
cale de acces (pentru forarea partiald a neoalveolei).
La ceilalti 7 pacienti la care s-au instalat 15 implan-
turi dentare demontabile intr-un timp chirurgical, nu
s-a efectuat ghidul chirurgical.

In cadrul ambelor grupuri, preoperator, s-a re-
alizat tomografia computerizatd cu fascicol conic
(CBCT), pentru planificarea tratamentului implan-
to-protetic (Figura 1).

Totodata (in grupul de studiu), s-au efectuat am-
prentele conventionale (in 5 cazuri, cu scanarea ul-
terioara in laborator) si digitale (in 2 cazuri), pentru
obtinerea modelului stereolitografic si triangularea
acestuia pe CBCT (Figura 2).

In urma planificirii virtuale si verificarii planului
de catre medicul protetician, s-a efectuat modelarea
ghidului chirurgical si printarea acestuia (Figura 3,4).

with the help of surgical guides, which allowed more
predictable results than free-hand protocols [5].

A surgical template (guide) is defined as a device
used to assist the clinician in the surgical placement
of implants. In the literature, one of the classifications
separate the guides in 3 groups depending on the sur-
gical restrictions: non-limiting design, partially lim-
iting and completely limiting [6].

The non-limiting protocol uses the template only
for the initial drill (“pilot drill”), and the resulting
bony socket is supposed to guide subsequent oste-
otomies and implant placement. The partially guid-
ed protocol uses the template for all osteotomies,
and only implant placement is performed without
the template. Partial guidance is a kind of univer-
sal solution, which provides the maximum guidance
achievable with any implant system that does not
have a fully guided kit. The fully guided protocol
uses the template from the first drilling through im-
plant placement [7,8]. Most studies have focused on
the accuracy of the full protocol, and their results
indicate that full guidance yields higher accuracy
than lower levels of guidance, though the difference
is not always significant [9]. However, they are also
susceptible due to the fact that the installation in the
optimal position of the implant depends on a num-
ber of local factors, and not only on the direction of
drilling.

Canullo and colleagues estimated that nearly half
of the peri-implantitis cases could be traced back to
implant mispositioning [10]. Reviews of the litera-
ture have shown a lower success rate for implants in-
serted according to the conventional method, while
the survival rate of implants inserted with the help of
templates guides are over 92% [11].

Aim

The aim of the study is to evaluate the applicabil-
ity of surgical guides in the implant—prosthetic treat-
ment.

Material and methods

The study was performed on 14 patients rehabili-
tated using implant-prosthetic treatment. For 7 pa-
tients (with 13 implants, study group), surgical access
guides were made for implant insertion (for partial
preparation of the drilling site). For the other 7 pa-
tients 15 implants were installed in one surgical step,
using free hand surgery.

In both groups cone beam computed tomography
was performed (CBCT) preoperatively, for the plan-
ning of implant—prosthetic treatment (Figure 1).

At the same time (in the study group), conven-
tional (in 5 cases, with subsequent laboratory scan-
ning) and digital (in 2 cases) impressions were ob-
tained, in order to obtain stereolithographic models
and to perform triangulation on CBCT (Figure 2).

Following the virtual planning and verification of
the plan by the prosthodontist, the surgical guide was
modeled and printed (Figure 3.4).



Fig. 1. Planificarea pozitiondrii implanturilor.

Fig. 1. Implant position planning.

Fig.2. Scanarea modelului din gips (a) si obtinerea modelului stereolitografic (b).

Fig.2. Scanning the gyps model (a) and obtaining the stereolithographic model (b).

Fig. 3. Triangularea modelului virtual pe tomografie.
Fig. 3. Triangulation of the virtual model on tomography.

In unul din cazuri, ghidul a fost planificat pentru
3 implanturi (pentru reabilitare prin tehnica All on
4), in 2 cazuri pentru inserarea postextractionald a
implanturilor, iar restul — pentru instalarea in con-
ditii clasice. Toate ghidurile au avut suport dentar, iar
dupéd destinatia acestora — ghiduri pentru forarea
partiala a alveolei.

Fig. 4. Printarea ghidului chirurgical.

Fig. 4. Printed surgical guide.

In one case, the guide was planned for 3 implants
(for rehabilitation using the All on 4), in 2 cases for
the post-extraction insertion of the implants, and
the rest — for classical conditions. All the guides had
dental support, and according to their destination —
partial limiting guides, for partial formation of the
drilling site.
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Fig. 5. Guide test and positioning check (a), guided drilling (b), soft tissue aspect after intermediate drilling (c), flap reflection and drilling site
check (d), final drilling (e), implant insertion (f)

Fig. 5. Proba ghidului si verificarea orificiului de pozitionare (a), forajul cu frezele de ghidaj (b), aspectul tesuturilor moi dupa forarea
intermediara (c), decolarea lamboului si verificarea neoalveolei (d), forarea finald (e), inserarea implantului (f).

Protocolul de insertie a implanturilor dentare a
cuprins urmatoarele etape: prelucrarea ciAmpului
operator cu solutie de clorhexidind 0,05%, anestezia
infiltrativa pe ambele versante ale crestei alveolare cu
solutie de articaind, aplicarea si verificarea plasarii
ghidului chirurgical (utilizand orificiile de pozitiona-
re, Figura 5a), forarea neoalveolei transmucosal pand
la diametrul de 3,2-3,6mm (Figura 5b), inldturarea
ghidului chirurgical (Figura 5c), incizia si decolarea
lamboului muco-periostal (dupd caz), verificarea
directiei §i profunzimii neoalveolei create cu sonda
de profunzime (Figura 5d), forarea cu ultima freza
(Figura 5e), inserarea implantului dentar (Figura 5f),
prelucrarea platformei implantare, aplicarea confor-
matorului gingival, aditia/augmentarea osoasa dupa
caz, suturarea lamboului si verificarea stabilitatii im-
plantare prin intermediul periotestometriei.

In cazul in care a fost urmdritd incdrcarea imedi-
atd, stabilitatea primara a implantului a fost planifi-
catd sa nu fie mai micd de 35-40 Ncm [12]. Controlul
postoperator a fost efectuat prin intermediul CBCT-
ului, fapt ce a permis verificarea pozitiei implanturi-
lor in comparatie cu cea preoperatorie. In cazurile de
inserare postextractionald a implanturilor sau con-
ventionala in sectoarele estetice, planificarea virtuala
a avut drept scop plasarea implantului intr-o pozitie
cat mai axiald, respectind principiile biomecanice in
sectoarele anterioare ale maxilei. Astfel, dupa am-
prentarea caimpului protetic si realizarea modelelor
de lucru, a fost verificata suplimentar pozitia axului
implantar fata de cea virtuala preoperatorie. Trata-
mentul postoperator a inclus urmétoarele grupe de
medicamente: antimicrobiene, antiinflamatorii, anti-
fungice (dupa caz), antiseptice locale.

Controlul pozitiondrii postoperatorii a implan-
turilor visa-vis de cel preoperator planificat a fost

The dental implant insertion protocol included
the following steps: antiseptic preparation of oral
cavity with 0.05% chlorhexidine solution, infiltrative
anesthesia on both sides of the alveolar ridge with ar-
ticaine solution, application and checking the place-
ment of the surgical guide (using positioning holes,
Figure 5a ), drilling through mucosa to a diameter of
3.2-3.6 mm (Figure 5b), removing the surgical guide
(Figure 5c), incision and flap elevation (by the case),
checking the direction and depth of the drilling site
with depth probe (Figure 5d), drilling with the last
drill (Figure 5e), dental implant insertion (Figure 5f),
antiseptic preparation of the implant platform, heal-
ing abutment application, bone grafting if necessary,
flap suturing and implant stability assessment using
Perijotest values.

If immediate loading was established, the prima-
ry stability of the implant was planned to be no less
than 35-40 Ncm[12]. The postoperative control was
performed through the CBCT, which allowed the
verification the position of the implants compared
to the preoperative one. In cases of post—extraction
insertion of implants or conventional in the aesthetic
sectors, the virtual planning aimed to place the im-
plant in a position as axial as possible, respecting the
biomechanical principles in the anterior region of the
jaw. Thus, after the impression of the prosthetic field
and the realization of the working models, the posi-
tion of the implant axis compared to the preoperative
virtual one was additionally verified. Postoperative
treatment included the following groups of drugs:
antibiotics, anti-inflammatory, antifungals (by the
case), local antiseptics.

The control of the postoperative positioning of
the implants with the planned preoperative one was
performed by a single person, by overlay the images



efectuat de o singurd persoand, prin suprapunerea
imaginilor de pe tomografie. Totodatd, a fost evaluata
si necesitatea confectiondrii ghidurilor chirurgicale,
aplicabilitatea acestora, prezenta sau absenta erorilor
de confectionare sau pozitionare a ghidurilor in ca-
vitatea bucala.

Rezultate si discutii

In urma analizei rezultatelor
obtinute in cadrul ambelor grupuri
a fost observat faptul cé instalarea
implanturilor prin tehnica free-
hand conduce la devieri de la pla-
nul initial practic in toate cazurile.
Evaluarea fiecdrui caz tratat a deno-
tat faptul cd structura anizotropd a
tesutului osos (din cauza diferentei
dintre grosimile corticale orale si
vestibulare) conduce la deplasarea
canalului de forare spre corticala
vestibulard (care este mai subtire,
Figura 6) [13]. Un alt aspect ce a
condus la modificarea angulatiei
implantului a fost decolarea doar
in aspect coronar a crestei alveola-
re, fapt ce a creat dificultati pentru
medicul chirurg in determinarea
exacti a directiei de forare. In cazul
in care nu se utilizeaza pinii de pa-
ralelism la etapele initiale de forare,
angularea implanturilor va fi practic
intotdeauna diferitd de cea planifi-
catd. In sectoarele estetice insa, la
inserarea in os matur a implantului,
a fost observatd tendinta de a initia
forajul in mijlocul crestei alveolare.
Din cauza angulatiei crestei/apofi-
zei alveolare in sectoarele anterioare
ale maxilei, implantul la fel va avea
o inclinare corespunzitoare. Acest
fapt insd, nu permite plasarea axi-
ala a implantului. In cazul tehnicii
free-hand, acest dezavantaj {ine si de diferenta dintre
aspectul pe tomografie si aspectul crestei alveolare.

Aceleasi probleme sunt intdmpinate si in situatii-
le de inserare postextractionald (in sectoarele anteri-
oare ale maxilei). Pozitia radécinilor mai vestibular
(clasa 1 Khan), [14] impune forarea in rezerva osoa-
sa palatinald, fapt ce conduce la angularea platformei
implantare spre vestibular (Figura 7). In cazul utili-
zarii ghidurilor chirurgicale, prezenta corticalei pa-
latinale si spatiul alveolar din vestibular, pot conduce
la deplasarea platformei implantare spre vestibular in
timpul infiletarii acestuia.

In grupul de pacienti la care s-au utilizat ghidu-
rile chirurgicale, pozitia implantului a fost aproape
identicd cu cea planificata. Totusi, datoritd faptului
ca ghidurile chirurgicale au fost confectionare pen-
tru forarea preliminard a alveolei, forarea finala a
alveolei poate fi consideratd drept factor al lipsei co-

Fig. 6. Grosimea diferitd a corticalelor
linguale si vestibulard.
Fig. 6. The difference of thickness between
lingual and buccal cortical bone.

Fig. 7. Pozitia vestibulard a radacinii
incisivului si rezerva osoasa din aspect
palatinal.

Fig. 7. The buccal position of incisor root
and palatal bone reserve.

on the tomography. At the same time, the necessity
of the surgical guides was evaluated, their applicabil-
ity, the presence or absence of errors in making or
positioning the guides in the oral cavity.

Results and discussions

Following the analysis of the results obtained in
both groups, it was observed that the installation of
implants by free-hand technique
leads to deviations from the initial
planning almost in all the cases. The
evaluation of each case revealed that
the anisotropic structure of bone
tissue (due to the difference be-
tween oral and vestibular cortical
thicknesses) leads to the displace-
ment of the drilling site to the buc-
cal site (which cortical bone is thin-
ner, Figure 6) [13]. Another factor
that led to the change of implant an-
gulation was the flap elevation only
in the crestal region of the alveolar
ridge, which created difficulties for
the surgeon in determining the ex-
act direction of drilling. If parallel
pins are not used in the initial drill-
ing stages, the angulation of the im-
plants will practically always be dif-
ferent from the planned one. In the
aesthetic sectors, in healed alveolar
ridge, the tendency to initiate drill-
ing in the middle of it was observed.
Due to the angulation of the alveolar
process/ridge in the anterior region
of the maxilla, the implant will also
have a corresponding inclination.
However, this does not allow the
axial placement of the implant. In
the case of the free-hand technique,
this disadvantage is also related to
the difference between CBCT and
visual aspects of the ridge.

The same problems were observed in situations
of post-extraction insertion (in esthetic areas of the
upper jaw). When the roots are buccal positioned
(class 1 by Khan classification) the drilling site is per-
formed in the palatal bone reserve, which leads to the
angulation of the implant platform to buccal direc-
tion (Figure 6) [14]. Even in cases of guided surgery,
the presence of palatal cortical bone and the alveolar
space in the buccal side of the socket can lead to the
movement of the implant platform to buccal during
its insertion.

In the group of patients in whom the surgical
guides were used, the position of the implant was
almost identical to the planned one. However, due
to the fact that surgical guides were made for par-
tial drilling, the final drilling (without guide) can to
small deviation of the drilling direction. Another dis-
advantage observed in the usage of surgical guides
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incidentei exacte dintre
pozitia planificatd si cea
obtinutd postoperator.

Un alt dezavantaj
observat in utilizarea
ghidurilor chirurgicale
a fost ajustarea proas-
td a ghidului chirurgi-
cal (Figura 8). Aceastd
eroare se poate datora
ecuatorului coroanelor
dentare sau constructiei
protetice, si confectio- [
ndrii ghidurilor peste
acestea. Un alt moment
negativ in pozitionarea
ghidurilor pe camp se
datoreaza  numadrului
redus de dinti, fapt ce
conduce la bascularea ghidului. Acest neajuns poate
cauza o eroare mai mare in pozitia implantului decat
in cazul tehnicii free-hand.

Ghidurile chirurgicale, pe langa avantajele sale,
comportd si limitari in utilizare, indeosebi in situatiile
cand sunt necesare proceduri de despicare a crestei al-
veolare, sau de utilizare a frezelor de osteodensificare.

Concluzii

Utilizarea chirurgiei ghidate reprezinta un factor
important in plasarea implanturilor conform planu-
lui virtual de tratament si exclude erorile de pozitio-
nate datorate tehnicii free-hand. Totodata, cresterea
numadrului de manopere la realizarea tratamentului
(planificare virtuald, modelare virtuald a ghidului,
printare, ajustare) creste si riscul erorilor la fiecare
etapd. Din acest motiv, lipsa experientei la utilizarea
chirurgiei ghidate poate conduce la erori cu impact
negativ asupra rezultatului tratamentului.
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