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Abstract

Background: Nowadays implant placement protocols are widespread among clinicians all over the world. However,
available literature, only partially analyses what can be potential benefits for the clinicians and patients, often focusing
just on specific aspects, such as accuracy. The purpose of this review is to compare computer guided implant
placement with conventional treatment protocols.

Methods: A search strategy according to the P-I-C-O format was developed and executed using an electronic MEDLINE
plus manual search from 2000 up to December 2016. This review included only randomized controlled trials (RCTs)
focusing on subjects treated with digital workflow for oral implant placement compared to conventional procedures.
Data were extracted from eligible papers and analysed. All kinds of outcomes were considered, even patient-related and
economical outcomes.

Results: The search strategy revealed 16 articles; additional manual searches selected further 21 publications. Afterwards
the evaluation of articles, only two studies could be selected for subsequent data extraction. The two identified RCTs
analysed primary outcomes as prosthesis failure, implant failure, biological or prosthetic complications, and secondary
outcomes as periimplant marginal bone loss. One RCT evaluated also the duration of treatment, post-surgical progress,
additional treatment costs and patient satisfaction. The other RCT focused instead on evaluating eventual improvement
of patient’s quality of life. In both selected studies, were not observed by the authors statistically significant differences
between clinical cases treated with digital protocols and those treated with conventional ones. In one RCT, however
post-surgical progress evaluation showed more patients’ self-reported pain and swelling in conventional group.

Conclusions: Within the limitation of this review, based on only two RCTs, the only evidence was that implant survival
rate and effectiveness are similar for conventional and digital implant placement procedures. This is also confirmed by
many other studies with however minor scientific evidence levels. Reduction of post-operative pain, surgical time and
overall costs are discussed. Authors believe that scientific research should focus more in identifying which clinical
situations can get greatest benefits from implant guided surgery. This should be done with research protocols such

as RCT that assess comprehensively the advantages and disadvantages of fully digital surgical protocols.
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Background

The use of the first osseointegrated implants to replace
missing dental elements, almost 50 years ago, repre-
sented a huge evolution in dental rehabilitation tech-
niques [1]. Over the years, many solutions have been
proposed in order to improve the clinical performance
of dental implants [2]. Implant shape has evolved with
the introduction of not only cylindrical structures, of
most efficient coil design and of better implant-
prosthetic connections. Many surface treatments have
also been suggested to modify the nanostructure of
titanium, improving osseointegration processes and bone
healing. The scientific literature agrees that implant-
prosthetic rehabilitations have a 5-years survival rate of
approximately 95% and greater than 89% after 10-years
[3]. Nevertheless, the current trend in implant surgery is
to further improve these clinical procedures by reducing
total rehabilitation duration using, at the same time, less
invasive surgical techniques. Guided implant protocols
could help clinicians to simplify their procedures starting
from the diagnostic phase up to the realization of the
final prosthetic restoration.

The first and probably most important stage for the
development of these new clinical procedures has been
the introduction and the diffusion of three-dimensional
(3D) imaging technique and computer technology [4].
They have allowed to improve traditional pre-surgical
planning in which radiographic assessments, often
through periapical and panoramic radiographs, study
casts and direct inspection of the alveolar ridges, were
used. The evaluation of 3D data, extracted from comput-
erized tomography, but also more recently from optical
scanner, together with modern implant planning soft-
ware allow to carefully simulate surgical and prosthetic
phases. Implant sites can be decided before surgery ac-
cording to bone volume and quality, location of anatom-
ical structures (nerves, vessels, sinuses), prosthetic and
aesthetic evaluations [5]. Accurate one-to-one measure-
ments of the width and height of bone in planned im-
plant sites, as well as distances and angulations between
implants from one side of an arch to another, can be
predetermined without the distortions that are present
in the two-dimensional radiology [6]. Implants and abut-
ments can then be “virtually” planned, driven by know-
ledge of the position of the planned restoration. It also
allows predetermination of prosthesis path of insertion,
placement of screw chambers, componentry space, and
pre-surgical abutment choices, as well as pre-surgical
fabrication of individual abutments. An accurate virtual
surgery planning allows sometimes to avoid bone aug-
mentation procedures which are associated to an exten-
sion of treatment time and sometimes, unfortunately,
also to major clinical complications [7]. Moreover, a
careful three-dimensional positioning of the implants
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allows to obtain the best clinical results, especially as
regards aesthetic aspects [8].

Guided implant surgery (GIS) allows to transfer planned
rehabilitation project directly into surgical field. The clin-
ician can choose between several guided methods; first,
surgical guides can be divided into “static” and “dynamic”.
The latter are represented by guided navigation methods
in which a computer-guided navigation system helps the
clinician in real time during the implant positioning
through visual imaging tools on a monitor. These
methods, although very interesting in future perspective
are currently not particularly widespread. “Static” methods
instead include the use of surgical templates that can be
produced by conventional procedures, modifying a radio-
graphic scan prosthesis, or by Computer-Aided Design/
Computer-Aided Manufacturing (CAD/CAM) technolo-
gies (milling or stereolithography). Surgical guides can be
tooth, bone or mucosa supported, with or without
stabilization pins. Some guided systems use, for each pa-
tient, different templates with different sleeves size, while
others use only one template. A further differentiation is
given by the modality of implant screwing after implant
site preparation: some systems provide fully guided im-
plant insertion through the same drilling template; other
methods may require the manual insertion of the implant
after removing the surgical template.

Guided implants insertion often allows mini-invasive
surgeries without the necessity to elevate a surgical flap. A
further advantage of guided techniques is to have, at the
time of surgery, a prefabricated fixed prosthesis, based on
planned implants position, able to connect newly inserted
implants and to easily achieve a functional and aesthetic
immediate loading [9]. However even for implant guided
surgery there are disadvantages which must be clearly
evaluated. As first, like all new methods, this type of sur-
gery requires a learning period for the dentist, for the
technician and in general for the entire dental team. Time
required for guided implant pre-surgical planning is
definitely longer compared with traditional protocols. Eco-
nomic aspects must also be evaluated regarding forma-
tion, instrumentation, surgical templates realization.

Due to the huge number of protocols among which the
clinician can choose and their rapid evolution, the litera-
ture does not often provide accurate information about
the real advantages or disadvantages that guided implant
insertion protocols can provide for the clinician or for the
patient. Therefore, the purpose of this review is to evalu-
ate, through highest evidence level studies (RTCs), which
are real clinical advantages and disadvantages of computer
GIS compared to conventional treatment protocols.

Methods
To ensure a systematic review of the available literature,
the following steps were followed: question formulation,
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definition of electronic database search strategy, retrieval
of publications, studies selection, data extraction and
evaluation.

As a first step, the following questions, that could fulfil
the purpose of this work, were formulated: which are
clinical advantages and disadvantages of computer
guided implant placement compared to conventional
treatment protocols? Regarding medical and economic
aspect, in which clinical situations guided surgery could
be justified?

Based on the PICO criteria, a search strategy was devel-
oped and executed in MEDLINE (PubMed) electronic
database. Search terms were selected and then grouped into
categories for “Problem” — “Intervention” — “Control” —
“Outcome”. The search strategy was assembled from a
combination of qualified Medical Subject Headings [MeSh-
Terms] as well as unspecific free-text words in simple or
multiple conjunctions [Table 1]. Only works published
from January 2000 up to December 2016 in English
language were considered. An additional manual search of
the bibliographies of all selected full-text articles was
performed. Furthermore, searching was also conducted in
dental literature using free-text terms and phrases.

Only randomized controlled studies comparing digital
workflow for oral implant placement with conventional
procedures in alveolar crest were included. Inclusion cri-
teria were also:

e at least five patients in each group;
e minimum follow-up of 6 months after loading;

Table 1 Overview of the electronic search strategy including
source of database, timeline, and P-I-C-O definition for study
selection

Database MEDLINE (PubMed)

Timeline
P-I-C-O

From January 2000, up to December 2016

Problem

{(« Dental Implant » [MeSH]) OR (« Oral Implant » [MeSH]) OR
(« endosseous implant » [MeSH]) OR (« implant placement »)
OR (« dental implant graft » [MeSH]) OR (« dental implant
graftless ») OR (« dental implant flapless » [MeSH]) OR (« dental
implant flap » [MeSH]) OR (« Alveolar Ridge Augmentation/
methods » [MeSH]) OR (« Alveolar Bone Loss/surgery »
[MeSH])} AND

Intervention

{(« Image-guided surgery » [MeSH]) OR (« computer assisted
surgery» [MeSH]) OR (« guided surgery ») OR (« computer
guided ») OR (« surgical innovation ») OR (« Computer-Aided
Design »)} AND

Control

{(« Conventionnal surgery ») OR (« open flap ») OR
(“muccoperiosteal flap”) AND

Outcomes

{(« accuracy » [MeSH]) OR (« patient-based outcome »)

OR (« costs, costs analysis » [MeSH]) OR (« treatment duration »)
OR (« treatment ease ») OR (« practitioner-based outcomes ») OR
(« success » [MeSH]) OR (« survival » [MeSH]) OR (« postoperative
sequel ») OR (« aesthetics, dental » [MeSH]) OR

(« prosthetic outcome »)

Page 3 of 9

e presence of clinical, radiographic, patient-centred
outcomes or economical evaluations;

Studies that dealt with zygomatic or pterygoid implants,
orthodontic mini-implants were outside the scope of this
review.

All authors independently read and exanimated titles
and abstracts of all studies identified with electronic and
hand search and recommended their inclusion or exclu-
sion according to defined criteria. When at least one au-
thor considered that a publication met inclusion criteria,
full text was obtained and evaluated for its eligibility.
Disagreements about inclusion or exclusion were re-
solved by discussion. Afterwards It was also conducted a
search within references of full-text publications evalu-
ated. After assessment process, the following data were
extracted from eligible studies: authors, year of publica-
tion, study design, patients’ population, type of surgical
intervention, primary and secondary outcomes. All the
authors performed full-text articles evaluation and data
extraction together during 1st Conference meeting of
the Digital Dental Society (DDS) in Milan, Italy, 16th—
17th September 2016; all disagreements were resolved
by discussion. In the same way, it has been assessed the
risk of bias for eligible studies using Cochrane Collabo-
ration’s tool for assessing risk of bias [10].

Results

Included studies

Evaluation process of articles selected for this review is
schematically shown in Fig. 1. The search strategy car-
ried out in MEDLINE (PubMed) electronic database re-
vealed 14 articles; additional manual searches selected
further 21 publications. Afterwards the evaluation of the
37 abstracts there were found only four works who
respected inclusion criteria. Of these publications, after
full text analyses, two were excluded as one did not
present a follow-up period [11], while the other did not
show a control group in which conventional surgical
procedures were used [12]. Finally, only two papers
complied with all inclusion criteria [13, 14]. Data ex-
tracted from these two papers were reported in Table 2.

Descriptive analysis
Two RCTs could be selected for analysis [13, 14]. They
both compare implant placement with 3D planning and
dedicated digital guide versus free-hand placement
(conventional placement). They both evaluated success
rate (prosthesis failure, implant failure, biological or
prosthetic complications) with different study design.
Vercruyssen et al. [13] performed a randomised 6-arm,
non-blinded, controlled trial with 59 fully edentulous
patients for the placement of 4 to 6 implants in the
lower or upper jaw. Evaluation was done 1 year after
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Records excluded

Full-text articles excluded,
with reasons

—
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- quantitative synthesis (meta-
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Fig. 1 Flow-chart depicting the electronic and manual search result

J

placement of the final restoration. There were two arms
with bone-supported guide (24 patients) of two different
brands, two arms with mucosa-supported guide (24 pa-
tients) of two different brands, one arm with free-hand
navigation (12 patients) and one arm with guides only
for pilot drill (12 patients). In the free-hand group im-
plants were inserted using only images and measures

Table 2 Summary table of included studies

from the planning software as a reference. In both mu-
cosa groups, flapless surgeries were performed. The suc-
cess rate at 1 year from the final loading was similar in
all groups with no implant lost and then no significant
difference. Evaluation of bleeding and pocket probing
depth are also recorded after 1 year of follow-up but
without any statistically significant difference between

Study Study design  Population Intervention

Vercruyssen

et al. 2014 [13] edentulous jaws) groups (each one

n =12), treated with

5 different surgical

template, 4-6 implants mucosa-supported

for each jaw

Pozzi et al. RCT, 51 patients, fully or 25 patients treated
2014 [14] multicentrical, partially edentulous  with guided implant
1y F/U jaws (some post- surgery

extractive placement)

RCT, 1y F/U 59 patients (72 fully 60 jaws divided in 5

Surgical guide Primary outcomes Secondary outcomes

2 groups bone- Prosthesis failure,  Peri-implant marginal
supported implant failure, bone loss, clinical implant
stereolithographic biological or evaluation (BOP, paque,
templates, 2 groups  prosthetic pockets), patient’s quality
complications of life improvement
templates, 1 group

pilot-drill template

Stereolithographic Prosthesis failure,  Peri-implant marginal

surgical templates, implant failure, bone loss, time and

stabilized with silicon biological or sessions for rehabilitation

index and 2-3 prosthetic delivery, complication

anchor pins complications time, post-surgical pain,
swelling, consumption of
painkillers and patient
satisfaction, additional
treatment cost
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groups. No significant differences in peri-implant
marginal bone loss could be also observed. For all
treatment groups, a significant improvement in qual-
ity of life was observed at 1-year follow-up but no
differences between groups were observed. This study
presents a high degree of risk of bias only about
randomization process especially as regard the assess-
ment of the primary and secondary outcomes through
the follow-up period.

Pozzi et al. [14] performed a randomised 2-arm, non-
blinded, controlled trial with 51 fully or partially edentu-
lous patients. Twenty-six patients were treated with
conventional protocol, 25 with guided techniques. In
both groups, whenever possible, flapless surgeries were
performed. However, in some cases, depending on the
operator’s judgment, flaps had to be elevated to better
check implant sites. This occurred mostly in the control
group where the implants were inserted free-hand.
Patients were treated by 3 practitioners (20 and 20
patients for two clinicians and 11 for the last one)
achieving a multicenter study design. For data analysis
patients’ treatment were categorized, depending on the
different clinical conditions, in different degrees of com-
plexity (simple cases had almost 9 mm bone height and
7 mm bone width, complex cases had bone height be-
tween 7 and 9 mm and less than 7 mm of bone width).
It must be noticed than in the computer-guided group
more post-extractive implants, more complex cases and
full edentulous maxillae were treated compared with
conventional surgery group. One year after definitive
prosthetic placement, authors didn't find statistically sig-
nificant differences between groups for the number of
patients who had implant failures (1/26 in conventional
versus 0/25 in computer-guided), for the number of pa-
tients experiencing complications (4/26 versus 5/25) and
for peri-implant bone loss (0.80 +/- 0.29 mm for the
conventional group versus 0.71 +/- 025 mm for
guided). The treatment overall duration in days (from
CBCT to provisional prosthesis delivery) was similar for
the two groups. Statistically significant more pain and
swelling was reported in the conventional group (P =
0.002 for postoperative pain, P = 0.024 for postoperative
swelling). Surgical time from anaesthesia to suture was
similar in both groups but we have to keep in mind that
more complex cases were treated with guided surgery.
Satisfaction, aesthetic and function, of the patient 1 year
after prosthetic placement were the same for the two
groups. For the computer-guided group, there were
extra costs due to the protocol. Bias sources in this
work originate mainly from the non-blinded outcomes
evaluation and from the matter that, despite patients’
randomization, the computer-guided surgery group
has more cases considered complex compared to the
control group.

Page 5 of 9

Discussion

As regards the accuracy of the digital guided implant
surgery, several works have been published in recent
years with the aim to scientifically assess the accurate-
ness of these techniques. Cassetta and his colleagues
published two works evaluating the accuracy of a
computer-designed surgical guide comparing three-
dimensional positions of planned and placed implants.
In the first one they compared preoperative and postop-
erative computed tomographic images of 116 implants
[15]. They observed quite high deviation values between
the postoperative position and the preoperative plan at
the coronal and apical portions of implants, as well as in
the angulation of implants. Even if these deviations do
not seem to have clinical significance authors concluded
suggesting the necessity of always keeping a safety zone
of at least 2 mm to avoid critical anatomical structures
injuries. In the other study they assessed, in 28
completely edentulous subjects, the influence of some
clinical factors in determining the precision of the
surgical guide and of implants inserted, through the
comparison of pre-operative and post-operative
computed tomography (CT) [16]. The effect of surgical
management of the guide (fixed or unfixed), arch (max-
illa or mandible), and smoking habit (normal or hyper-
plastic mucosa) on accuracy was evaluated. They
observed that in maxilla, thanks to greater supporting
surface, and with the fixation of the surgical guide, ac-
curacy of the guides was improved. They also reported a
greater global coronal and global apical deviation in
smoking patients due to the increased thickness of
mucosa. Another work tried to evaluate the accuracy of
computer-generated and conventional surgical guides
using a randomized split-mouth design [17]. Each of the
ten patients in this study were randomly selected for
CAD/CAM-guided implant placement on their right or
left side of the mouth. Conventional guides were used
on the contralateral side. The authors concluded that
implants placement using CAD/CAM surgical guides
provided greater accuracy in a lateral direction than con-
ventional guides. In addition, CAD/CAM guides showed
less variability of deviation values, from implant planned
locations, than conventional guides. Regarding implant
optical navigation systems accuracy, in literature there are
only few publications. A pilot study of Wittwer has tested
one of these systems in 20 patients [18]. For each patient
four implants were inserted in the intraforaminal region
using a flapless optically guided procedure. Evaluating the
CT of the patients before and after surgery, it was assessed
the accuracy of the described system. The results suggest
that this type of surgical procedure can be a viable and
safe alternative in clinical cases with adequate amount of
bone. However, in cases where there are irregularities in
bone structures it can be less predictable.
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Schneider and his group in 2009 published a system-
atic review of the literature available at time considering
eight articles regarding accuracy [19]. All studies
included in this review indicated a reasonable mean ac-
curacy with however relatively high maximum devia-
tions. This variability seemed to depend mainly by
guided surgical technique chosen and especially by type
of template stabilization. CAD/CAM surgical guides
showed better degree of accuracy than conventional
guides. Recent literature reviews have confirmed these
observations regarding the precision of the various
computer-guided surgery systems [20, 21]. These revi-
sions have analysed 19 and 24 publications respectively
involving different static image guidance systems, finding
similar results. Meta-analysis of the accuracy revealed a
mean error of about 1 mm at the entry point and of
about 1.3 mm at the apex. However, even in these
works, maximum deviation values are relevant. Signifi-
cant differences for all deviation parameters were found
for the number of templates used in favour of single
template protocols. Less deviation values were also
observed when more fixation pins were used.

From the data in the literature we can state that the
computer-GIS has good accuracy levels, however be-
cause of the still significant deviations it is crucial the
choice of the most appropriate surgical-guided protocol
and its scrupulous execution. This allows on the one
hand to avoid serious complications such as penetrating
nerves or critical vases, on the other to be able to apply
these protocols even in complex cases such as those with
severe bone atrophy.

Computer-GIS is often associated with flapless implant
insertion. Although in the literature there are no long-
term studies that compare directly the success rate of
conventional and flapless implant placement, many
works seem to agree that the implant survival rates are
comparable regardless of the type of implant protocol
chosen. The two articles included in this review, despite
the short period of follow-up, have highlighted a lack of
statistically significant difference between the two clin-
ical procedures about to the success rate of implant-
prosthetic rehabilitations [13, 14]. Further confirmations
of these observations were provided by Berdougo and
co-workers in a study of 2010, which, evaluated retro-
spectively 552 implants placed in 169 patients. They
founded no statistically significant differences in the cu-
mulative survival rate after 1 to 4 years of follow-up [22]
between implants inserted with flapless guided systems
versus conventional open-flap implant surgery. Same
conclusions were reached by a systematic review pub-
lished in 2012 in which were included 28 studies on
computer-guided implant placement with a total of 4032
analysed implants [23]. This systematic review indicated
that guided placement had at least as good implant
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survival as conventional protocols showing also a signifi-
cantly decrease pain and discomfort in the immediate
postoperative period, but probably due to the use of
flapless procedures themselves. In this review however, it
was also suggested that this technique still requires a
good preparation of operators to reduce as much as pos-
sible unexpected procedure-linked adverse events during
guided implant placement.

Thanks to implants planning and placement in accord-
ance with the prosthetic treatment plan, GIS may bring
significant benefits to prosthetic rehabilitation proce-
dures. Provisional prosthesis can be prepared before
clinical phases so that, immediately after surgery, func-
tional loading of the newly inserted implants can be
easily achieved. It is also possible to use a single implant
abutment both for the provisional and for the definitive
rehabilitation, allowing time and costs reduction, but
above all improving clinical outcomes especially in the
esthetic zone [24, 25]. Many articles highlight how
potential prosthetic benefits are greater, especially in the
case of fully edentulous and immediate loading patients’
rehabilitations. In a paper published in 2007, Sanna de-
scribed an immediately loaded CAD/CAM protocol on
30 consecutive patients, evaluating cumulative survival
rate and marginal bone remodelling after 5 years [26].
Results seem to suggest that proposed treatment proto-
col allows a good survival rate of implant supported re-
habilitations in fully edentulous patients. In another
study of van Steenberghe and collaborators 27 patients
with fully edentulous maxillae were recruited and treated
with a digital guided protocol [27]. It was possible to
transfer, with good accuracy, implant treatment planning
to the surgical field allowing functional loading of
implants immediately after their application. After a year,
all implants and overlying prosthesis were considered
successful.

However, prosthetic guided surgery advantages are
today still largely theoretical and mostly linked to the
opinion of some authors and not deriving from articles
with high scientific evidence such as systematic reviews.
In addition, many of these works highlight the important
number of complications, especially with prostheses,
that relieve these protocols [28]. Tahmaseb, in his re-
view, reported intraoperative or prosthetic complications
in 36.4% of the treated cases [21]. These reported com-
plications included surgical complications like guide
fractures or prosthetic complications like misfits with
frameworks and prosthetic fractures. The rate of compli-
cations seemed to be closely related to the surgical
technique learning curve.

The use of dedicated implant planning software and of
guided surgery could sometimes easily avoid bone
augmentation procedures. Many authors have published
several works in which it was possible to insert implants
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with guided surgical protocols in atrophic areas. Fortin
reported 98% implant survival rate after 4 years in par-
tially edentulous cases with severely resorbed posterior
maxilla avoiding sinus augmentation procedure [7]. Im-
plants have been inserted with a CAD/CAM surgical
template, based on digital planning, exploiting anterior
or posterior wall or the septa of the sinus as well as the
palatal curvature. During the 4-year observation period,
no complications were recorded, no implants were lost,
and there was no infection or inflammation.

In order to evaluate the benefits that guided surgery
could provide they have to be assessed costs that these
procedures imply. It must be considered an initial invest-
ment to buy the technology, but also the cost and the
time for clinical team training. Finally, there will be a
cost for digital workflow for each clinical case. We con-
sider important that the clinician should be well pre-
pared with regards to both new digital but also
conventional procedures because they may need to be
applied in case of any unforeseen event during guided
surgery procedures. Even if the duration of the surgical
intervention may be shorter with guided surgery com-
pared to conventional techniques, it seems that much
more time must be invested in the preoperative plan-
ning. If guided surgery can avoid bone grafting proce-
dures, it can reduce the overall treatment cost. A
significant treatment time reduction could as well re-
duce the overall costs and compensate some of the add-
itional costs. Depending on the workflow an immediate
reconstruction might as well lead to a reduced time
amount, which is necessary for the completion of the
final reconstruction. Unfortunately, in the literature
cost-effectiveness report are not present also due to the
multitude and diversity of the different protocols
proposed.

Despite enthusiastic expectations are often associated
with computer aided implant placement, this review re-
vealed an important lack of high level scientific studies
that could compare conventional implant protocols with
digital workflows. Some RCTs investigations were re-
trieved but only two with at least 6 months of follow-up
after implant placement could be included in this review
[13, 14]. Most of minor evidence level studies are fo-
cussed on case series, technical notes or specific aspects
of computer-GIS often without any comparison with
conventional protocols. Furthermore, many clinical trials
show results, but do not go to investigate how different
protocol variables compete determining them. We be-
lieve that many factors are responsible for determining
the effectiveness of GIS, from diagnostic and planning
phases to surgical intervention. Every aspect should be
analyzed more carefully to scientifically assess which
GIS protocol could provide best performances in the
specific clinical situation.
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The only evidence that was retrieved from the only
two papers considered eligible for our review, is that
clinical outcomes are similar for the image-guided im-
plant placement and for the conventional procedure
after a follow-up period of at least 6 months. Reduc-
tion of post-operative pain and surgical time are
discussed. For Pozzi and co-workers, more pain was
reported, 3 days after surgery, in the open flap con-
trol group despite of in flapless/miniflap computer-
guided group more post-extractive implants, more
complex cases and full edentulous maxillae were
treated [14]. Vercruyssen and co-workers reported no
significant differences in patient satisfaction, but this
appears to be linked only with the questionnaire that
is fulfil 1 year after restoration placement [13].
Another work published in 2010 by Arisan et al., re-
garding patient’s related outcomes, found similar evi-
dences [11]. They showed statistically significant
differences in favour of the group of patients treated
with flapless guided surgery compared to those
treated with conventional open-flap procedures, re-
garding the number of analgesics consumed, post-
operative pain and haemorrhages. Also, Fortin and
collaborators, in a controlled trial founded a signifi-
cant difference in pain measurements, with higher
scores on questionnaires in open-flap surgery group
comparing with flapless guided surgery group [29]. In
contrast, an RCTs published in 2010 show worse re-
sults in guided implant flapless groups in comparison
to conventional open flap implant surgery [12].

Conclusions

Based on the results of the screened literature it is evi-
dent that the overall scientific evidence in the field of
image guided implant placement is low. Only two RCTs
with at least 6 months of follow-up could be identified.
The only evidence that is retrieved is there are no statis-
tically significant differences between conventional and
computer-guided implant placement procedures, both
for patient outcomes and implant survival rate. Reduc-
tion of post-operative pain and surgical time are
discussed. Consequently, certain clinical recommenda-
tions cannot be given. However, indications for guided-
implant surgery could be the need for minimally
traumatic or flapless surgery, optimal implant position-
ing and immediate loading.

Further research should be designed as RCTs
avoiding any possible sources of bias. These studies
should take into consideration not only rehabilitation
success and potential complications, but also patient-
reported outcome measures (PROMs), and economic
aspects. The purpose of these studies should there-
fore be to clarify clinical indications of guided
implant surgery.



Colombo et al. BMC Oral Health (2017) 17:150

Abbreviations

3D: Three-dimensional; CAD/CAM: Computer-Aided Design/Computer-Aided
Manufacturing; CT: Computed tomography; GIS: Guided implant surgery;
RCT: Randomized Controlled Trial

Acknowledgements
Not applicable.

Funding
This investigation was carried out without funding.

Availability of data and materials

All data generated or analysed during this study are included in this article.
List of papers obtained from electronic search, list of excluded studies and
reasons for exclusion are available from the authors upon request.

Authors’ contributions

All authors contributed to the work presented in this paper. MC wrote the
entire manuscript. EM, MK, UH took part in study design and data analyse. TF
designed and executed search strategy. CM coordinated the work and helped
to draft the manuscript. All authors read and approved the final manuscript.

Authors’ information
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

"Private Practitioner, Milan, Italy. Dental Science Department, University Vita
Salute San Raphael, Milan, Italy. *Oral Rehabilitation Department, School of
Dental Medicine, Tel-Aviv University, Tel Aviv, Israel. 4Department of Oral
Surgery and Implantology, Center for Dental, Oral and Maxillofacial Medicine
(Carolinum), Johann Wolfgang Goethe-University Frankfurt am Main,
Frankfurt am Main, Germany. *Department of Surgical and Diagnostic
Sciences (D.I.S.C.) Dental School, University of Genova, Genova, ltaly. 50ral
Surgery, School of Dentistry, University of Lyon, Lyon, France. "Private
Practitioner, Via Tasso 45, 21052 Busto Arsizio, ltaly.

Received: 25 June 2017 Accepted: 4 December 2017
Published online: 13 December 2017

References

1. Branemark PI, Adell R, Breine U, Hansson BO, Lindstrom J, Ohlsson A. Intra-
osseous anchorage of dental prostheses. |. Experimental studies. Scand J
Plast Reconstr Surg. 1969;3(2):81-100.

2. Smeets R, Stadlinger B, Schwarz F, Beck-Broichsitter B, Jung O, Precht C,
Kloss F, Grobe A, Heiland M, Ebker T. Impact of dental implant surface
modifications on Osseointegration. Biomed Res Int. 2016;2016:6285620.

3. Pjetursson BE, Tan K, Lang NP, Bragger U, Egger M, Zwahlen M. A
systematic review of the survival and complication rates of fixed partial
dentures (FPDs) after an observation period of at least 5 years. Clin Oral
Implants Res. 2004;15(6):625-42.

4. Jung RE, Schneider D, Ganeles J, Wismeijer D, Zwahlen M, Himmerle CH,
Tahmaseb A. Computer technology applications in surgical implant
dentistry: a systematic review. Int J Oral Maxillofac Implants. 2009;24(Suppl):
92-100.

5. Vercruyssen M, Jacobs R, Van Assche N, van Steenberghe D. The use of CT
scan based planning for oral rehabilitation by means of implants and its
transfer to the surgical field: a critical review on accuracy. J Oral Rehabil.
2008;35(6):454-74.

20.

21.

22.

23.

24.

25.

26.

Page 8 of 9

Van Steenberghe D, Ericsson |, Van Cleynenbreugel J, et al. High precision
planning for oral implants based on 3-D CT scanning. A new surgical
technique for immediate and delayed loading. Appl Osseointegration Res.
2004;4:27-31.

Fortin T, Isidori M, Bouchet H. Placement of posterior maxillary implants in
partially edentulous patients with severe bone deficiency using CAD/CAM
guidance to avoid sinus grafting: a clinical report of procedure. Int J Oral
Maxillofac Implants. 2009;24(1):96-102.

Grunder U, Gracis S, Capelli M. Influence of the 3-D bone-to-implant
relationship on esthetics. Int J Periodontics Restorative Dent. 2005;25(2):113-9.
van Steenberghe D, Glauser R, Blombdack U, Andersson M, Schutyser F,
Pettersson A, Wendelhag I. A computed tomographic scan-derived
customized surgical template and fixed prosthesis for flapless surgery and
immediate loading of implants in fully edentulous maxillae: a prospective
multicenter study. Clin Implant Dent Relat Res. 2005;7(Suppl 1):111-20.

JPT H, Green S, editors. Cochrane handbook for systematic reviews of
interventions version 5.1.0 [updated march 2011], The Cochrane
collaboration. p. 2011.

Arisan V, Karabuda CZ, Ozdemir T. Implant surgery using bone- and
mucosa-supported stereolithographic guides in totally edentulous jaws:
surgical and post-operative outcomes of computer-aided vs. standard
techniques. Clin Oral Implants Res. 2010;21(9):980-8.

Lindeboom JA, van Wijk AJ. A comparison of two implant techniques on
patient-based outcome measures: a report of flapless vs. conventional
flapped implant placement. Clin Oral Implants Res. 2010;21(4):366-70.
Vercruyssen M, van de Wiele G, Teughels W, Naert |, Jacobs R, Quirynen M.
Implant- and patient-centred outcomes of guided surgery, a 1-year follow-
up: an RCT comparing guided surgery with conventional implant
placement. J Clin Periodontol. 2014;41(12):1154-60.

Pozzi A, Tallarico M, Marchetti M, Scarfo B, Esposito M. Computer-guided
versus free-hand placement of immediately loaded dental implants: 1-year
post-loading results of a multicentre randomised controlled trial. Eur J Oral
Implantol. 2014;7(3):229-42.

Cassetta M, Stefanelli LV, Giansanti M, Calasso S. Accuracy of implant
placement with a stereolithographic surgical template. Int J Oral Maxillofac
Implants. 2012;27(3):655-63.

Cassetta M, Giansanti M, Di Mambro A, Stefanelli LV. Accuracy of positioning
of implants inserted using a mucosa-supported stereolithographic surgical
guide in the edentulous maxilla and mandible. Int J Oral Maxillofac
Implants. 2014;29(5):1071-8.

Farley NE, Kennedy K, McGlumphy EA, Clelland NL. Split-mouth comparison
of the accuracy of computer-generated and conventional surgical guides.
Int J Oral Maxillofac Implants. 2013;28(2):563-72.

Wittwer G, Adeyemo WL, Schicho K, Figl M, Enislidis G. Navigated flapless
transmucosal implant placement in the mandible: a pilot study in 20
patients. Int J Oral Maxillofac Implants. 2007;22(5):801-7.

Schneider D, Marquardt P, Zwahlen M, Jung RE. A systematic review on the
accuracy and the clinical outcome of computer-guided template-based
implant dentistry. Clin Oral Implants Res. 2009;20(suppl 4):73-86.

Van Assche N, Vercruyssen M, Coucke W, Teughels W, Jacobs R, Quirynen M.
Accuracy of computer-aided implant placement. Clin Oral Implants Res.
2012;23(Suppl 6):112-23.

Tahmaseb A, Wismeijer D, Coucke W, Derksen W. Computer technology
applications in surgical implant dentistry: a systematic review. Int J Oral
Maxillofac Implants. 2014;29(Suppl):25-42.

Berdougo M, Fortin T, Blanchet E, Isidori M, Bosson JL. Flapless implant surgery
using an image-guided system. A 1- to 4-year retrospective multicenter
comparative clinical study. Clin Implant Dent Relat Res. 2010;12:142-52.
Hultin M, Svensson KG, Trulsson M. Clinical advantages of computer-guided
implant placement: a systematic review. Clin Oral Implants Res. 2012;
23(Suppl. 6):124-35.

Grandi T, Guazzi P, Samarani R, Maghaireh H, Grandi G. One abutment-one
time versus a provisional abutment in immediately loaded post-extractive
single implants: a 1-year follow-up of a multicentre randomised controlled
trial. Eur J Oral Implantol. 2014;7(2):141-9.

Canullo L, Bignozzi I, Cocchetto R, Cristalli MP, lannello G. Immediate
positioning of a definitive abutment versus repeated abutment
replacements in post-extractive implants: 3-year follow-up of a randomised
multicentre clinical trial. Eur J Oral Implantol. 2010;3(4):285-96.

Sanna AM, Molly L, van Steenberghe D. Immediately loaded CAD-CAM
manufactured fixed complete dentures using flapless implant placement



Colombo et al. BMC Oral Health (2017) 17:150

27.

28.

29.

procedures: a cohort study of consecutive patients. J Prosthet Dent. 2007;
97(6):331-9.

van Steenberghe D, Glauser R, Blombéck U, Andersson M, Schutyser F,
Pettersson A, Wendelhag |. A computed tomographic scan-derived
customized surgical template and fixed prosthesis for flapless surgery and
immediate loading of implants in fully edentulous maxillae: a prospective
multicenter study. Clin Implant Dent Relat Res. 2005;7(Suppl 1):5111-20.
Merli M, Bernardelli F, Esposito M. Computer-guided flapless placement of
immediately loaded dental implants in the edentulous maxilla: a pilot
prospective case series. Eur J Oral Implantol. 2008;1(1):61-9.

Fortin T, Bosson JL, Isidori M, Blanchet E. Effect of flapless surgery on pain
experienced in implant placement using an image-guided system. Int J Oral
Maxillofac Implants. 2006;21(2):298-304.

Page 9 of 9

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolVled Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Included studies
	Descriptive analysis

	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

