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ABSTRACT
The virtual planning of dental implants is a technology that 
brings many benefits to practitioners and patients who 
undergo a prosthetic rehabilitation. The cone beam computed 
tomography (CBCT) produces high-resolution images allowing 
to implant a breakthrough in preoperative planning, making 
planning more accurate. The virtually guided surgery is a 
surgery planned based computers in a 3D anatomical model 
of the patient and transferred to the surgical procedure 
through guides built especially for this purpose. The objective 
of this study is to report the current concepts in the literature 
on virtually guided surgery, emphasizing its applicability, 
indications and benefi ts in prosthetic rehabilitation with dental 
implants. Thus, it was concluded that the technique of guided 
surgery represents an advance in the fi eld of implantology 
significantly decreasing errors, bringing good results 
postoperative and increasing predictability of the results, one 
technique suitable for various cases.
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INTRODUCTION

The guided surgery based on three-dimensional (3D)
computed images allows a better evaluation, bony 
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anatomy visualization, prosthetic planning and greater 
treatment outcomes predictability in oral rehabilitation 
with dental implants. The conventional techniques for 
preclinical assessment, such as visualization, palpation and 
two-dimensional (2D) radiographs are being complemented 
with the development of a technology based in computerized 
three-dimensional structures planning. Cone beam computed 
tomography (CBCT) allow more accurate images and this 
technology can be obtained with a lower radiation dose 
compared to the conventional tomographys. After scanning, 
the images are transferred to a specifi c software allowing 
work with 3D anatomical structures identical to the original 
anatomy of the patient. CBCT allowing make prior surgery 
planning in regard to prosthetic and anatomical aspects and 
thus, being more accurate.1,2

The guided surgery is a computerized technology that 
brings many benefi ts to the professionals and patients. Some 
benefi ts to the guided surgery can be mentioned: possibility 
to fl apless surgery, decreased in surgical time, reduction in 
the infl ammatory response, better wound healing, decreased 
pain and discomfort in the immediate postoperative period, 
and immediate provisionalization of the prosthesis with 
highly precision, bringing a more predictable and accurate 
result.3,4

The aim of this study was to describe and discuss the 
current concepts on computed guided surgery, emphasizing 
its applicability, indications and benefits in prosthetic 
rehabilitation with dental implants.

LITERATURE REVIEW

The importance of computed tomography (CT) in the late 
1980s to the imaging sciences and diagnostic of maxillary 
bones became more relevant with the introduction of 
high-resolution CT. Evaluation of dento-osseous lesions, 
maxillofacial deformities and temporomandibular joint 
(TMJ) access were the initial goal of CTs, but also became 
effective for evaluation and diagnosis of implant sites. 
The usefulness of CT for implant dentistry was evident. 
However, access and direct discussion of information and 
results between the radiologist and the general dentist were 
limited. The use of software that could make an assessment 
of the alveolar bone for the implant planning provided better 
conditions to the implant surgery decreasing the surgical and 
prosthetic errors.5
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The Columbia Scientific, in 1988, created the first 
software for 3D analysis of alveolar bone anatomy from 
CT images. In nowadays, with the evolution of technology, 
scanners and software’s it is possible with the advent of 
CBCT, to solve diffi culties of conventional imaging devices 
for clinical dentistry, such as decreasing in the radiation 
dose absorbed, approximately 12.0 mSv (microssieverts), 
40 to 60 times lower than conventional CT,6 decreased 
image distortion, only 0.1 mm compared to 1.0 to 1.5 mm 
distortions of conventional radiographs, clinical data growth 
and decreased scan time.7

Kobayashi et al8 evaluated the accuracy of cone beam 
tomography in cadaveric jaws and the authors concluded 
that 1.4% of CBCT images analyzed showed slightly 
unrealistic measures. This study also reported that these 
slightly variations were 0.01 to 0.65 mm, not affecting 
the rehabilitation planning with osseointregrated dental 
implants.8

Due to it’s superior accuracy compared to other 
radiological techniques, CT is essential for the advanced 
surgical guides fabrication that allow the analysis of three-
dimensional images, facilitating the choice of appropriate 
implants for surgery and respecting the anatomical limits 
of the jaws, such as: lingualfossa, mandibular canal and 
maxillary sinus, and to establish the correct inclination of 
the implants improving prosthetic result.5 Thus, from the 
anatomical 3D image generated by the CT, it is possible to 
visualize the prosthesis to the patient and to proceed with 
the ideal 3D placement of the implants in accordance with 
the prosthetic and biomechanical requirements.9

The predictability of the long-term success of 
rehabilitation with dental implants depends on an accurate 
preoperative diagnosis. In this context guided surgery for 
implant placement allows conducting a reverse planning 
of rehabilitation, starting from the prosthesis to the 
surgery.5After the prosthetic planning, it is possible to 
create a surgical guide, which aims to transfer accurate 
information provided by the tomographic image and 
analyzed in software. They can be made manually or by 
CAD/CAM system (computer-aided design/computer-aided 
manufacturing).9

Studies have shown that surgical guide allows an 
accuracy of less than 1 mm at the apex of the implant and 
a good control of the perforation angle compared to the 
radiographic guide, but the authors did not assess the change 
in the angle to the prosthetic settling.10,11 Other study12 
analyzed the accuracy of guided surgery technique to implant 
placement. The authors showed an average linear deviation 
of 1.07 mm on the platform of some implants, 1.63 mm 
deviation in the apical region and 5.2° in the deviation angle, 

but reported diffi culty with the accuracy of this variations 
because there was not a consistently defi ne related to the 
direction of deviations.12

Surgical guides are produced for imaging evaluation 
and surgical placement of the dental implants, increasing 
the outcome predictability. Surgical guides should present 
some basic characteristics such as: stability and stiffness, 
and being stable in the edentulous or partial edentulous 
arch. They should allow being adjusted and the size and 
transparency are also important aspects.1

The guides properly fi xed at the surgical site, allow the 
realization of the sequenced implant perforations followed 
by implant placement in an ideal position, without any 
kind of movement favoring the fi nal surgical and prosthetic 
outcomes. During the surgery, is used a sequence of drilling 
guides for each drills diameter in accordance with the virtual 
model planning avoiding a number of variables that could 
interfered with the rehabilitation successful. The accuracy of 
priorimplant placement and prosthetic planning allows the 
installation of prosthesis immediately to surgery because the 
positioning of the implants is identical to the virtual model.5

A detailed analysis of the patients must be performed 
prior to the guided surgery indication. The analysis should 
evaluate the presence and amount of keratinized gingiva, 
availability of bone height and width, necessity of bone grafts 
and socioeconomic conditions of the patient.4 The guided 
surgery is indicated for partially or completely edentulous 
patients, bothin the maxilla and mandible.3

Another study evaluated 27 maxillary edentulous patients 
that have been rehabilitated using the guided surgery. 
The results showed that all patients were immediately 
rehabilitated 1 hour after surgery. After 1 year of follow-
up, all the 164 implants placed were stable, with 100% of 
success rate.9

On the other hand, one of the possible problems that may 
occur using the guided surgery are the smaller deviations of 
the implant placement that can compromise the installation 
of previously planned prosthesis for immediate loading 
even when these deviations are smaller than conventional 
techniques. One study found 9.1% of preprosthetic 
complications and 18.8% of complications in prosthesis 
installation, in 12% of cases (108 patients).12 However, 
positive results were also found in another study, that 
showed reduction of standard deviation with consequent 
decrease in surgical errors, with the improvement in the 
coronal osteotomy from 1.5 to 0.9 mm, apical positioning 
improvement and better angulation from 8° to 4.5°.13

The most commonly complications in guided surgery 
are: incorrect perforation of bone tissue, implants loss, 
maladjustment of prosthetic components and prosthesis 
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loss. These complications may be the result from errors 
in the various stages of surgical preparation that involves 
imaging scanning, surgical guideplanning, and even their 
fi xation during the site preparation.

Another disadvantage of this technique is the treatment 
cost. In all cases the cost is greater than a common surgery 
due to the necessity for more careful planning using other 
technologies. However, the high cost is viewed favorably 
by patients due to the various benefi ts of fl apless surgical 
technique and prosthetic outcomes predictability.

DISCUSSION

The increased use of dental implants and the diminution 
of operative costs are providing the development and 
improvement of various surgical techniques used for 
different situations. Virtually guided surgery is a procedure 
that has been used with great success rate, because this 
technique has several advantages, including the achievement 
of a fast and fl apless surgery.

Berdougo et al14 compared the implant surgery with the 
conventional technique and the fl apless technique. In 169 
patients were installed a total of 552 implants, where 281 
implants were installed using the conventional technique 
and 271 implants using the fl apless technique. During a 
period of 1 to 4 years, the patients were evaluated annually 
and no statistically signifi cant difference between the two 
procedures were found with a success rate of 98.57% for 
conventional surgery and 96.30% for virtually guided 
surgery. 

A systematic review15 evaluated 28 studies which used 
virtually guided surgery for the dental implants installation. 
A total 4032 implants were placed through this technique 
in 852 patients, ranging in 16 to 92 years age, with 1 to 
49 months follow-up. Of the 4032 implants installed, only 
167 had complications, where 64% of these complications 
were related to the implants and 36% in the prosthesis. The 
rate of implant loss was only 3%. 

One of the possible causes of implant loss is the 
inflammation followed by an infection,16 and this 
inflammation can be caused by any bacteremia. This 
bacteremia may occur at the time of the dental implants 
installation when blood vessels are exposed and in contact 
with the oral environment.17

A previous study17 evaluated the presence of bacteremia 
after installation of 377 dental implants in 68 patients 
comparing conventional technique with fl apless technique. 
The authors analyzed the peri-implant inflammatory 
response and the presence of bacteria in blood samples. 
This study found that 62.06% of the patients treated by 
the conventional technique had bacteremia, while 11.76% 

of the patients treated by fl apless surgery showed signs 
of bacteremia. Besides the fl apless technique, the authors 
suggested that the reduced operatory time could be an 
advantage, decreasing the chance of bacteremia.

An important issue that can affect the success or failure 
and esthetic of the implants are the quality of the peri-
implant tissue around the implants. Law et al18 evaluated 
implants placed in the dog mandibles through conventional 
and fl apless surgery. The authors analyzed the peri-implant 
tissue after 8 weeks, and showed a less pronounced gingival 
recession in implants installed with fl apless surgery. Also, 
they observed an increased infl ammation in the peri-implant 
tissues of implants placed with conventional surgery, 
evidenced by the presence of higher amount of gingival 
crevicular fl uid, an indicator of peri-implant infl ammation.

CONCLUSION

The guided surgery technique represents an advance in the 
fi eld of implantology. It is indicated for several cases in oral 
rehabilitation with dental implants, allowing for minimally 
invasive surgery, decreased errors, and increased prosthesis 
predictability, showing more accuracy compared to the 
conventional surgery, despite the need of new technologies 
and advanced planning.
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