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Purpose: The radiologic outcomes of implants placed using static computer-guided surgery have not yet
been systematically investigated. The purpose of this study was to evaluate the marginal bone loss (MBL)
around dental implants inserted with static computer assistance in healed sites. Materials and Methods:
An electronic search of publications in English from three databases (from 2000 to March 2015), including
PubMed, Web of Science, and Cochrane Oral Health Group Trials Register, and a hand search of peer-
reviewed journals for relevant articles were performed. Only clinical human studies, either randomized or
nonrandomized, with at least 10 cases and a minimum follow-up time of 12 months, reporting on MBL
were included. Results: The search strategy resulted in 18 publications, with 2,675 implants inserted with
static computer assistance in healed sites. The pooled mean MBL at 1-year follow-up was 1.06 mm (95% ClI:
0.83 to 1.30 mm; heterogeneity: random-effects model, 1> = 99.38%; P < .01). Moreover, when considering
studies with a 3-year follow-up only (n = 5; 748 implants), the pooled MBL was 1.48 mm (95% CI: 0.81 to
2.15 mm; heterogeneity: random-effects model, I° = 99%; P < .01). Conclusion: Within the limitations of
this review, the MBL around dental implants placed in healed sites with computer-guided surgery seems to
be a well-functioning one-stage alternative to extended two-stage conventional procedures if patients are
appropriately selected and an appropriate width of bone is available for implant placement. However, current
evidence is limited by the quality of available studies and the lack of comparative long-term clinical trials. INT
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Over the past decades, technical and scientific ad-
vances in diagnostic and therapeutic methods in
the biomedical field have produced substantial prog-
ress. In implantology, the introduction of cone beam
computed tomography (CBCT), three-dimensional
(3D) planning software, computer-aided manufactur-
ing (CAM), and rapid prototyping (RP) have contributed
to the development of guided surgery techniques.’?
Now, such a technology allows a “computer-aided”
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insertion of implants to their planned position, thus
limiting the elevation of flaps and enabling the imme-
diate loading of the inserted implants.

Initially, the introduction of computerized tomog-
raphy (CT) into the medical field by Hounsfield? in
the early 1970s was a breakthrough; however, this fell
short because it was basically for diagnostic purposes,
and it was not until 1993 that CT images began to be
used in combination with virtual planning software’#>
(Simplant, Materialise Dental) and later with CAM
surgical guides for real dental implant placement.5”
Today, computer-guided implant surgery can be clas-
sified as dynamic, when the navigation device uses an
optical tracking system, or static when using a surgical
template fabricated by either stereolithography (rapid
prototyping) or mechanical positioning devices that
convert the virtual template into an actual one by exe-
cuting computer transformation algorithms on a cast.?

Guided-implant surgery can be especially useful
in cases with critical bone volume or anatomy where
ideal implant placement is mandatory. Moreover, the
use of this technique reduces the surgical intervention
time, limits the elevation of flaps, avoids bone grafting
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procedures, reduces bacteremia, enables immedi-
ate loading, reduces surgical morbidity, and makes it
easier for patients to understand the proposed proce-
dures.®'% However, the introduction of this relatively
new, sophisticated technique raises important ques-
tions about the long-term impact on success in im-
plant dentistry.

One essential factor for the long-term success of
dental implants is the peri-implant bone tissue. Even
though there is no consensus regarding the definition
of success in implantology,'’ the achievement and
maintenance of osseointegration are recognized as
crucial factors; therefore, the determination of margin-
al bone loss (MBL) is highly relevant, as it provides in-
formation to determine the peri-implant health status.
Unfortunately, there is a lack of information regarding
the changes in the crestal bone after placing implants
with guided surgery.

Moreover, a recent study demonstrated that the
classic drilling technique for implant osteotomy had
less of a negative influence on immediate cell viability
than guided surgery.'? Such results are hypothesized
to be related to the deficient irrigation that the use
of guided surgery implies. In this regard, studies con-
ducted independently by Bulloch et al'3 and Jeong
et al' concluded that using surgical drill guides does
not cause an increase in bone temperature greater
than that seen with standard sequential drilling with
or without a surgical guide. In contrast, Misir et al'®
evaluated the amount of heat generated in bone by
two implant drill systems with and without using sur-
gical drill guides at depths of 3,6, and 9 mm. They sug-
gested that preparing an implant site using surgical
drill guides generates heat more than classical implant
site preparation regardless of the irrigation type. Also,
dos Santos et al'® reported that guided surgery gener-
ates a higher bone temperature than classic drilling,
and even though neither technique generated critical
necrosis-inducing temperatures, its long-term effect
on the peri-implant bone remains unknown.

With this background, the purpose of the present
systematic review was to evaluate the MBL around
dental implants inserted with static computer assis-
tance in healed sites.

MATERIALS AND METHODS

Focused Question

The focused question in this systematic review was
framed following the PRISMA statement'’ sugges-
tions. It was elaborated as, “what is the marginal bone
loss around dental implants inserted with static com-
puter assistance in healed sites?":
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« Participants: Patients of any age receiving implants
in healed sites.

« Intervention: The insertion of dental implants with
static computer guidance.

« Comparison: No comparison with other therapeu-
tic modalities was made.

« Outcome: Peri-implant crestal bone level change
(in millimeters).

Search Strategy

A search of three electronic databases, namely,
PubMed, Web of Science, and Cochrane Oral Health
Group Trials Register, for relevant articles published in
the English language from January 1, 2000 to March
31,2015 was performed. The search strategy included
the combination of keywords using Boolean opera-
tors (OR, AND). The following terms were used in the
search strategy:

« PubMed: (dental implant OR oral implant [all fields])
AND (three dimensional planning OR computer
guided surgery OR computer aided surgery OR 3D
navigation [all fields])

« Web of Science: (dental implant OR oral implant
[topic]) AND (three dimensional planning OR com-
puter guided surgery OR computer aided surgery
OR 3D navigation [topic])

+ Cochrane Library (Oral Health Group Trials Regis-
ter): (dental implant OR oral implant) AND (3D navi-
gation OR computer guided surgery OR computer
aided surgery OR three dimensional planning)

Additionally, a manual search was performed in
dental implant-related journals, including The Interna-
tional Journal of Oral & Maxillofacial Implants, Clinical
Implant Dentistry and Related Research, Journal of Oral
Implantology, Clinical Oral Implants Research, Implant
Dentistry, European Journal of Oral Implantology, Jour-
nal of Oral and Maxillofacial Surgery, British Journal of
Oral and Maxillofacial Surgery, International Journal of
Oral and Makxillofacial Surgery, Journal of Clinical Peri-
odontology, Journal of Periodontology, International
Journal of Periodontics and Restorative Dentistry, Journal
of Prosthetic Dentistry, International Journal of Prosth-
odontics, Quintessence International, and International
Journal of Computerized Dentistry. Moreover, the refer-
ence list of relevant review articles on the subject was
used to retrieve additional studies.

Inclusion Criteria

The following criteria had to be met for inclusion: (7)
publication in peer-reviewed journals; (2) full text writ-
ten in the English language; (3) clinical human stud-
ies (either randomized or nonrandomized); (4) static
computer-guided implant insertion through virtual
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3D planning based on CT/CBCT imaging; (5) minimum
period of follow-up of 12 months; (6) implants placed
in healed sites; (7) studies reporting on marginal bone
loss around osseointegrated implants.

Exclusion Criteria

For this review, only articles regarding static comput-
er-assisted implant surgery performed after virtual 3D
planning based on CT/CBCT scans were considered.
Hence, studies using real-time navigation systems (dy-
namic), guides fabricated based on CT/CBCT imaging
but without the assistance of 3D navigation software,
and bidimensional radiographic guides were not con-
sidered. Additional exclusion criteria were studies with
zygomatic or pterygoid implants, studies with mini-
implants for orthodontic reasons, studies reporting im-
plants placed in reconstructed arches or requiring bone
grafting, animal studies, in vitro studies, letters to the
editor, case reports, cases series with less than 10 partic-
ipants, technical reports, and review papers, although
the bibliography of review studies was used to identify
and to retrieve potential additional information.

Study Selection and Data Collection Process
Search results were imported as text files into End-
Note Basic (Thomson Reuters) bibliographic manager
software, and duplicates were identified and deleted.
Then, titles and abstracts of the search-identified stud-
ies that fulfilled the eligibility criteria were individu-
ally assessed, and full texts of all eligible studies were
downloaded. Any disagreement in the determination
of eligibility was resolved by consensus.

Once the studies were selected for the final analy-
sis, whenever available, data regarding the follow-
ing parameters were retrieved by one reviewer (J.C.):
study group, year of publication, study design, number
of patients, patients’ age, number of smokers, type of
edentulism, follow-up, number of implants, number of
failed implants, implant survival rate, implant dimen-
sions, implant healing period/loading, grafting proce-
dures, mean marginal bone loss, implant system, type
of guide production, flap elevation, arches receiving
implants (maxilla and/or mandible), type of prosthetic
rehabilitation, opposing dentition, and prosthesis sur-
vival rate. If needed, authors of the potentially includ-
ed papers were contacted via email to gather missing
data. Two reviewers (H.Y. and K.W.) double-checked
the extracted data, and if any disagreement arose, this
was resolved by discussion.

Quality Assessment

The methodologic quality of the studies was evaluat-
ed with the Newcastle-Ottawa scale (NOS).'8 This scale
assesses study quality by evaluating three domains:
selection (four items), comparability (two items), and
outcome for cohort studies (exposure for case-control

studies, three items). According to this quality scale, a
maximum of nine stars/points can be given to a study,
and this score represents the highest quality, where six
or more points was considered of high quality.

Data Synthesis and Meta-analysis
Meta-analysis was carried out using OpenMeta[Analyst]
software (Agency for Healthcare Research and Qual-
ity) and Review Manager (version 5.3.3, The Nordic
Cochrane Centre, The Cochrane Collaboration). This
study aimed to combine the included investigations
taking the MBL mean value and standard deviation as
effect size. Therefore, the weighted mean difference
and 95% confidence interval (Cl) were calculated for
the MBL. Statistical homogeneity among studies was
determined using the Cochran Q-test and its associ-
ated P value, and the I? statistic. Data heterogeneity
was considered when the P value was less than .1, and
the |2 statistic became increasingly higher. The |2 statis-
tic ranges from 0% to 100%, with 25% corresponding
to low heterogeneity, 50% to moderate, and 75% to
high. Where statistically significant (P < .10) heteroge-
neity was detected, a random-effects model was used
to assess the treatment effects. Moreover, forest plots
were produced to graphically represent the difference
in outcomes when placing implants with computer
assistance. Descriptive summaries of included studies
were entered into tables, and a qualitative synthesis of
the evidence was planned as well.

RESULTS

Literature Search

The study selection process is summarized in Fig 1. The
initial electronic search strategy yielded 1,563 papers.
One hundred nineteen articles were identified in more
than one electronic search strategy (duplicates) and
eliminated. The subsequent search at the title level
exhibited 93 titles out of the remaining 1,444, and
further screening at the abstract level identified 34 ar-
ticles for full-text reading. After thoroughly screening
the full-text reports, 20 studies were excluded because
they did not meet the inclusion criteria. However,
hand searching of the reference lists of selected stud-
ies yielded four additional papers. The reasons for ex-
clusion are presented in Table 1.7 Finally, a total of
18 studies published between 2005 and 2015 fulfilled
the inclusion criteria applied in this systematic review.

Features of the Included Studies

Study Design and Patient Features

Detailed data of the 18 included studies are listed in
Tables 2a and 2b.38-> Two RCTs,*3%* 13 prospective
studies,38404244-51,53.55 and three retrospective analy-
ses394152 were included in the meta-analysis. Four
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1,228 records
identified through
searching in MEDLINE

323 records
identified through
searching in Web of
Science

12 records identified
through searching in
Cochrane Library

Y

4

1,444 records after
duplicates removed (119)

1,351 records

excluded

A

A

titles s

93 potential

elected

A

/

34 articles

reading were
selected after further
screening at the
abstract level.

for full-text

20 full-text articles
excluded (Table 1)

\

/

14 studies included for data
extraction and analysis

4 studies identified
through hand searching

\

A

18 studies included for data
extraction and analysis

Fig 4 Flowchart of the study selection.

Table 1 Summary of the Excluded Articles

References

Pomares et al (2010)1°
Galindo et al (2012)2°
Tahmaseb et al (2012)21
Schnitman et al (2015)22

Meloni et al (2012)23

Ozan et al (2007)24
Nickenig et al (2010)2°
Katsoulis et al (2012)26

Malo et al (2007)27
Danza et al (2010)%8

Reason for Exclusion

Unclear data and/or lack of
parameters to evaluate bone loss

Reconstructed arches
Follow-up less than 12 months

Data for the same population
reported in a later study or part
of another study

Meloni et al (2013)2°
Meloni et al (2013)3°

Danza et al (2011)3t
Danza et al (2011)32
Meloni et al (2013)32
Pozzi et al (2014)34

Voulgarakis et al (2014)35
Chrcanovic et al (2014)36
Tahmaseb et al (2014)2

Moraschini et al (2015)37

Implants placed in fresh
extraction sockets

Data for computer-guided implant
placement in healed sites could
not be separated from fresh
extraction sockets

Systematic review
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studies were multicenter.38404953 A|l studies report-
ing the outcome of interest had at least 12 months of
follow-up. Two studies had a maximum follow-up of
up to 5 years.3>>! From the studies with available data
of patients’ age, two articles**>2 did not inform about
it but the age range was obtained after contacting the
authors. The total number of patients ranged from 14
to 52. Fifteen studies®->1%> reported the mean age of
study participants, which was from 51.8 to 71.9 years
(age range, 20 to 92 years). Some patients in 12 stud-
ies38-4144,4547,49,51,53-55 \were smokers (range, 5 to 13),
while three studies®*45°0 did not mention it. One
study reported the inclusion of patients previously di-
agnosed with and successfully treated for generalized
chronic periodontitis before placing dental implants.**

Placement Site and Implant-Related
Characteristics

A total of 2,675 implants were placed under static
computer guidance in healed sites, with 61 failures
(2.28%). Diameters and lengths ranged from 3.3 to 5
mm and 7 to 18 mm (except for one 5.5-mm implant?),
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respectively. The number of implants per study ranged
from 36 to 314. Eleven studies38-414548-51,5455 includ-
ed only complete edentulous arches, and four stud-
ies*2-4446 included only partially edentulous patients.
Moreover, six studies384041434655 included implants
placed only in maxillary arches, whereas another three
studies***”48 had implants exclusively in the mandi-
ble. In nine studies,3?444349-54 implants were placed in
both the maxillary and mandibular arches.

From the 11 studies reporting on implants placed
exclusively in completely edentulous arches, a total of
1,620 implants were inserted with 36 failures (2.22%),
and 351 implants were inserted in exclusively par-
tially edentulous arches (four studies), with 10 failures
(2.84%). Furthermore, of the six studies evaluating im-
plants inserted only in maxillae, a total of 652 dental
implants were placed (12 failures, 1.84%), and for the
mandible only (three studies), 357 implants were in-
serted (21 failures, 5.88%).

Surgical Technique

All implants were placed into healed sites without
any bone grafting procedure. Regarding flap raising,
two publications?*>* reported the elevation of a full-
thickness flap prior to static surgical guide positioning,
whereas 14 studies did not raise any. Two studies*®2
raised a miniflap at the discretion of the surgeon
to preserve or enhance the surrounding soft tissue.
Eleven studies*!4446-5355 reported the implant inser-
tion torque, which ranged from 30 to 50 Ncm except
for Yamada et al,>> who reported values ranging from
10 to 70 Ncm (mean, 57.7 Ncm). Four guided surgery
systems were used in the included studies, namely,
NobelGuide (Nobel Biocare)38-41454648-5355 Materi-
alise (Materialise NV),#24354 Implant 3D (Med3D),*
and Facilitate (Dentsply Implants).#>* The most used
system was NobelGuide (13 studies) followed by Mate-
rialise (3 studies), Facilitate (2 studies), and Implant 3D
(1 study). Seventeen studies had their surgical guides
fabricated by means of stereolithography, and only
one study** converted the virtual template to an ac-
tual one by executing computer transformation algo-
rithms on a cast.

Loading Protocols and Restoration
Characteristics

All implants were immediately loaded in 13 stud-
jes,38-4143-4648-5155 3 stydies?’2°3 reported loading
the implants either immediately or after 2 to 4 months,
and 2 studies**** had 2 to 4 months of healing time
before implant loading in all cases. Only four stud-
ies*34648,55 provided information about the opposing
dentition. Analysis of prosthetic procedures showed
that seven studies38-4045464849 ;sed immediate pros-
thesis, whereas seven studies used immediate-loading

provisionals in all cases.#1434447.5051.55 Definitive pros-
theses were placed 2 to 7 months after surgery.

Ten studies38-414548-51.55 avaluated patients receiv-
ing only fixed full-arch implant-supported prosthe-
ses, while three studies**#346 included patients who
received implants rehabilitated exclusively with fixed
partial prostheses. Vercruyssen et al** rehabilitated
all cases with either fixed full-arch implant-supported
prostheses (n = 20) or implant-retained overdentures
(n = 28). For the 10 studies assessing implants reha-
bilitated with only full-arch implant-supported pros-
theses, a total of 1,308 dental implants were placed
with 36 failures (2.75%), whereas for the three studies
rehabilitated exclusively with fixed partial prostheses,
a total of 261 implants were inserted with 6 failures
(2.29%).

Other Features

Study outcomes were assessed by clinical visual ex-
amination,38->° periapical radiographs,3840-2>455 pan-
oramic radiographs,32454933 probing,*34>485354 and/
or patient satisfaction questionnaires.384%>4>5 When
evaluating bone level changes, either the implant
shoulder3840-4446-54 ¢ an implant thread3#>>> was
used as a reference point in relation to the alveolar
bone crest.

Quality Assessment

In total, 16 studies were of high quality, and 2 were of
moderate quality.*>>3 The scores are summarized in
Table 3. The average score for the quality assessment
of included studies was 6.61.

Quantitative Synthesis

The assessment of 18 studies included a total of 2,675
implants. The lowest and highest mean marginal bone
loss was 0.32 mm and 2.05 mm, respectively, at the
1-year follow-up. The pooled MBL was 1.06 mm (95%
Cl: 0.83 to 1.30 mm; heterogeneity: random-effects
model, 1> = 99.38%; P < .01; Fig 2). Moreover, when
considering studies with a 3-year follow-up only (n =
5; 748 implants), the lowest and highest mean MBL
was 0.60 mm and 1.90 mm, respectively, whereas the
pooled MBL was 1.48 mm (95% CI: 0.81 to 2.15 mm;
heterogeneity: random-effects model, 12 = 99%; P <
.01; Fig 3).

The outcome was also classified in subgroups ac-
cording to the type of edentulism: (7) completely
edentulous patients and (2) partially edentulous pa-
tients. The pooled results showed an increase of the
MBL when placing implants in completely edentulous
patients (Fig 4): (1) mean MBL = 1.20 mm (95% CI: 0.93
to 1.48 mm; heterogeneity: random-effects model, |2
=99.31%; P =.00) and (2) mean MBL = 0.81 mm (95%
Cl: 0.53 to 1.09 mm; heterogeneity: random-effects
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Table 2a Features of the Included Studies

Study

Van Steenberghe et al (2005)38
Sanna et al (2007)3°
Johansson et al (2009)4°
Meloni et al (2010)**
Nikzad et al (2010)42

Van de Velde et al (2010)43
Horwitz et al (2012)*4
Komiyama et al (2012)*°
Pozzi et al (2012)%6
D’Haese et al (2013)47

Landazuri-Del Barrio et al (2013)48
Marra et al (2013)4°

Browaeys et al (2014)5°

Lopes et al (2014)5t

Schnitman et al (2014)%2

Vasak et al (2014)%3

Vercruyssen et al (2014)54
Yamada et al (2015)%°

Study design
Prospective (multicenter)
Retrospective (unicenter)
Prospective (multicenter)
Retrospective (unicenter)
Prospective (unicenter)
RCT (unicenter)
Prospective (unicenter)
Prospective (unicenter)
Prospective (unicenter)

Prospective (unicenter)

Prospective (unicenter)
Prospective (multicenter)
Prospective (unicenter)
Prospective (unicenter)
Retrospective (unicenter)

Prospective (multicenter)

RCT (unicenter)
Prospective (unicenter)

Patients

(n)
27
26
52
15
16
14
18
29
27
26

16
30
20
23
27

30

48
48

Patient age Smokers
range (mean) (y) included (n)
34-89 (63) 5
38-74 (56) 13
37-85 (72) 5
40-70 (52) 5
42-66 (51.9)
39-75 (55.7) NM
34-69 (54)
44-92 (71.9) 8
38-77 (54.2) NM
20-81 (51.8) 9
49-73 (59) 0
NM (61.9) 5
35-74 (55) NM
34-70 (55.4)2 2
25-81 (NM) 0
31-80 (NM) 4
31-78 (NM) 6
34-74 (56) i3

Edentulism
Complete
Complete
Complete
Complete
Partial
Partial
Partial
Complete
Partial

Partial (n = 13)
Complete (n = 13)

Complete
Complete
Complete
Complete
Partial; complete

Partial; complete

Complete

Complete

aData obtained after contacting the author.

Table 2b Features of the Included Studies

Study
Van Steenberghe et al38

Sanna et al3°

1.15+1.05

Overall: 0.95 + 1.25 (1 y)

Marginal bone loss (mean * SD) in mm

Guided surgery

system
Nobel Biocare

Nobel Biocare

S:1.1+1.4;NS: 0.8+1.1 Overall: 1.20+1.40 (2y)
S:1.6+1.6;NS: 0.8+ 1.2 Overall: 1.60 +1.35 (3 y)
S:20+£1.6;NS:1.2+1.1 Overall: 1.95+1.30 (4y)
S:2.6+1.6; NS: 1.3+ 1.0

Johansson et al*®

Meloni et al*t

Nikzad et al*2

Van de Velde et al*3

Horwitz et al*4

1.3+1.28

1.66 + 0.20 (1 y);
1.81+0.18 (1.5 )

0.55+0.15

2.05 + 0.46 (1 y):
1.95+0.93 (1.5 y)

0.65+0.5

Nobel Biocare

Nobel Biocare

Materialise

Materialise

Implant 3D

Drill guide
production

Stereolithography

Stereolithography

Stereolithography

Stereolithography

Stereolithography

Stereolithography

Laboratory
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Follow-up
ly
5y
ly

1.5y
ly

15y
ly
ly
3y
ly

ly
3y
3y
5y
ly

ly

ly
ly

Placed/failed implants (n)

184/0 (Nobel Biocare)
183/9 (Nobel Biocare)
312/2 (Nobel Biocare)
90/2 (Nobel Biocare)

57/2 (Different manufacturers)

36/1 (Straumann)
50/4 (MIS implants)
165/3 (Nobel Biocare)
81/3 (Nobel Biocare)
114/13 (Astra Tech)

64/6 (Nobel Biocare)
312/7 (Nobel Biocare)
80/0 (Nobel Biocare)
92/3 (Nobel Biocare)
100/0 (Nobel Biocare)

163/2 (Nobel Biocare)

314/0 (Astra Tech)
278/4 (Nobel Biocare)

Implant
survival

rate
100%
95%
99%
98%
97%
97%
92%
98%
96%
89%

91%
98%
100%
Q7%
100%

99%

100%
99%

Implant dimensions Bone
(width/length in mm) Healing period/loading  grafting
3.75-4.0/7-15 Immediate No
3.75-5/8.5-15 Immediate No
3.75-4.0/10-15 Immediate No
4.3-5/10-13 Immediate No
3.3-5/8-15 2-4 mo No
4.1-4.8/8-12 Immediate No
3.75-5/10-13 Immediate No
NM Immediate No
3.5-5/5.5-18 Immediate No
NM/8-15 Immediate (n = 13); No

3 mo (n=13)
4.0/10-15 Immediate No
3.3-4/8.5-18 Immediate No
3.75-4.0/10-15 Immediate No
4/8.5-18 Immediate No
3.5-4/8.5-18 Immediate (48 implants); No
3-4 mo (52 implants)
3.5-5/8-16 Immediate (n = 17); 2-3 No
mo (n = 13)
3.5-4/8-15 3-4 mo No
3.3-5/8.5-18 Immediate No

Flap
elevation

No

No

No

No

No

No

Yes

opposing dentition
Maxilla/FAP/NM

Maxilla, mandible/FAP/NM

Maxilla/FAP/NM

Maxilla/FAP/NM

Mandible/FPP/NM

Maxilla/FPP/natural teeth,
tooth- or implant-supported FPP

Maxilla, mandible/SC (n = 5),
FPP (n = 45)/NM

Region/Prosthetic rehabilitation/ Prosthesis
survival rate

100%

NM

96%

NM

100%

100%

NM

Observations

Three patients smoked more than 10 cigarettes/day. One patient
was withdrawn after 9 months because the fixed prosthesis was
replaced for a removable one, yet the 1-year follow-up showed
stable implants.

The smoking group was defined as smoking more than 10
cigarettes/day. Nine implants were lost (8 of them in smokers).
Panoramic radiographs were used.

75 radiographs were not regarded as readable. More than 2 mm
of marginal resorption was noted in 19% of the implants. Two
patients dropped out.

Two patients smoked more than 10 cigarettes/day. One surgical
guide was fractured during the operation.

All failed implants belonged to one patient. Implants from
different manufacturers were inserted (Zimmer Dental,
Straumann, Astratech, and Easy Implant).

Heavy smokers (> 10 cigarettes/day) were excluded. Six patients
had bone augmentation procedures at least 6 months before
implant surgery. Two patients were withdrawn (one needed bone
grafting during implant placement and the other died for different
reasons).

This study included patients previously diagnosed with and
treated for generalized chronic periodontitis. The four failed
implants were in two smokers.
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Table 2b (cont) Features of the Included Studies

Guided surgery Drill guide
Study Marginal bone loss (mean * SD) in mm system production
Komiyama et al*® 1.2+1.4 Nobel Biocare Stereolithography
Pozzi et al*® 0.57 £0.3 (1y); Nobel Biocare Stereolithography
0.60+0.3(3Yy)

D’Haese et al*” Overall: 0.47 + 0.94; Dentsply Implants  Stereolithography

NS: 0.36 £0.89; S: 0.62+1.05 E:0.44 +1.41;
PE: 0.42 + 0.95
Landazuri-Del Barrio et al*8 0.83+0.14 Nobel Biocare Stereolithography
Marra et al*® 1.2+0.7 (1y); Nobel Biocare Stereolithography
1.9+1.3(3Yy)
Browaeys et al®° 1.13+0.94 (1y); Nobel Biocare Stereolithography
1.61+1.4(3y)
Lopes et al®t 1.7+1.41y); Nobel Biocare Stereolithography
17+09) (3y) 1.9+1.1(5y)
Schnitman et al®? 1.46 +0.83 Nobel Biocare Stereolithography
Vasak et al®3 1.44 £1.35 Nobel Biocare Stereolithography
Vercruyssen et al®* 0.61 +0.86 Materialise (n = 24); Stereolithography
Dentsply Implants
(n = 24)
Yamada et al®® 0.32+0.43 Nobel Biocare Stereolithography

NM = not mentioned; SC = single crown; FAP = full-arch prosthesis; FPP = fixed partial prosthesis; S = smokers; NS = nonsmokers;

model, 12 = 98.63%; P = .00). Also, when studies evalu- DISCUSSION
ated implants placed with static computer assistance

in a defined group of smokers, there was a statistically ~Summary of Main Results

significant effect of smoking on the magnitude of MBL
(mean difference: 0.48 mm, 95% Cl: 0.20 to 0.77 mm;
P = .0009; heterogeneity: P = .26; I = 25%, random-
effects model; Fig 5).

768 Volume 31, Number 4, 2016

© 2016 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.

The present systematic review was conducted ap-
proaching the following question: what is the mar-
ginal bone loss around dental implants inserted with
static computer assistance in healed sites? The results
showed a mean MBL of 1.06 mm (SD = 0.12 mm) for
dental implants placed with static computer assis-
tance at the 1-year follow-up period and 1.48 mm
(SD = 0.34 mm) after 3 years. This observation has im-
portant clinical implications, as the progression and
amount of MBL are important data for the diagnosis
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Flap Region/Prosthetic rehabilitation/ Prosthesis
elevation opposing dentition survival rate
No Maxilla, mandible/FAP/NM 100%
No/ Maxilla/FPP/natural teeth or 100%
Miniflap  implant-supported FPP
No Mandible/FPP (n = 13) FAP 81%
(n=13)/NM
No Mandible/FAP/Removable NM
complete denture
No Maxilla, mandible/FAP/NM 100%
No Maxilla, mandible/FAP/NM 100%
No Maxilla,mandible/FAP/NM 100%
No/ Maxilla, mandible/FPP; FAP; SC; 100%
Miniflap  Overdenture/NM
No Maxilla, mandible/FPP (n = 21); 97%
FAP (n = 15); SC (n = 8)/NM
Yes Maxilla, mandible/FAP (n = 20); NM
(n = 24); Overdentures (n = 28)/NM
No
(n=24)
No Maxilla/FAP/natural teeth, tooth- or 100%

implant-supported FPP, removable
denture

Observations

Three cases (patients with CPOD) were excluded because the
assessment protocol could not be followed. Panoramic and
intraoral radiographs were used. Only 136 (n = 68 implants)
intraoral radiographs of 324 sites were available. MBL of more
than 1.5 mm or 2.0 mm was observed in 42% and 27% of the
sites, respectively.

Heavy smokers (> 10 cigarettes/day) were excluded. 42 implants
were tilted (25.57-34.79 degrees). Three implants failed in the
same patient.

Thirteen implants were lost (12 in smokers). Five immediately
loaded fixed dental prostheses had to be modified or removed in
the first 12 months because of underlying implant failures.

A radiographic misfit was observed in 13 of 16 patients.
Therefore, an extra laboratory procedure was necessary to allow
perfect positioning of the prosthesis.

Panoramic and intraoral radiographs were used. Six patients were
heavy bruxers.

There was a 20% radiographic dropout (n = 19 implants). At the
end of the third year, 30% of the implants had already lost more
than 1.9 mm. Forty implants were titled (20-40 degrees).

Two patients were heavy smokers (one of whom was a controlled
HIV-positive patient). Two subjects dropped out. 30% of the
patients experienced fracture of the definitive prosthesis.

Seventy-three (91.3%) of 80 implants had readable radiographs.

38% of the implants did not have a readable radiograph.
Panoramic radiographs were used. Implant failure was due to the
lack of primary stability.

Two patients had an acute abscess formation and suppuration
before loading, and three were diagnosed with peri-implantitis.
They were treated with resective surgery and antibiotics. Four of
them were smokers, and one had history of bruxism. One subject
dropped out.

Four implants were lost in two smokers (two implants each) due
to the lack of osseointegration before delivering the definitive
prostheses.

E = edentulous; PE = partially edentulous; COPD = chronic obstructive

of peri-implant health. However, there is still no con-
sensus regarding the ideal MBL expected around den-
tal implants under function and its progression over
time,'" although a certain physiologic amount of di-
mensional bone loss will surely happen. In accordance
with success criteria defined by Albrektsson and
Isidor,® implant treatment can be considered success-
ful if the peri-implant bone loss within the first year
after loading is 1.5 mm or less and if, during the follow-
ing years, bone loss of no more than 0.2 mm per year
occurs. The results of this systematic review showed
that the mean MBL around implants placed with com-
puter guidance meets this success criteria.

pulmonary disease.

Also, the outcome of interest was classified in sub-
groups according to the type of edentulism. The mean
MBL in completely edentulous patients was 1.20 mm
(SD = 0.14 mm), whereas partially edentulous patients
showed a mean MBL of 0.81 mm (SD = 0.14 mm) dur-
ing a follow-up of 1 to 3 years. The difference found
when pooling data based on the type of edentulism
(0.39 mm) is hypothesized to be related mainly to the
effect of the extent of the restoration (full-arch, partial/
single tooth prosthesis). With regard to this, similar
values were found for the conventional technique. For
instance, Gholami etal®” reported a nonsignificant 0.40-
mm difference in the MBL between implant-supported
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Table 3 Quality Assessment of the Studies by the Newcastle-Ottawa Scale

Selection Comparability Outcome
Repre- Outcome of  Comparability
sentative  Selec- interest not of cohorts
of the tion of Ascertain- present at Sufficient Adequacy
exposed external mentof the startof Main Additional Assessment follow-up of Total
Study cohort control exposure the study factor factor of outcomes time? follow-up (9/9)
Van Steenberghe et al® * 0 * * * 0 * * * 7/9
Sanna et al®! 0 it it & it 0 & & & 7/9
Johansson et al®2 * 0 * * * 0 * * 0 6/9
Meloni et al®3 * 0 * * * 0 * * 7/9
Nikzad et al®* * 0 * * * * * * * 7/9
Van de Velde et al®® * * * * * 0 * * * 8/9
Horwitz et al®6 0 0 * * * 0 * * * 6/9
Komiyama et al®” 0 0 & & i 0 & e 0 5/9
Pozzi et al®8 * 0 * * * 0 * * 7/9
D’Haese et al®® 0 * * * * 0 @ * * 7/9
Landazuri-Del Barrio et al®® * 0 * * * * * * * 8/9
Marra et al®t 0 0 it & & 0 & & & 6/9
Browaeys et al®2 0 * * * * 0 * * 0 6/9
Lopes et al®3 0 0 & * & 0 * 3 i 6/9
Schnitman et al®* 0 0 * * * * * * 0 6/9
Vasak et al®® 0 0 * * * 0 * * 0 5/9
Vercruyssen et al®6 * * * * * 0 * * * 8/9
Yamada et al®’ i 0 i & £ 0 3 3 & 7/9
a0ne year of follow-up was chosen to be enough for the outcome "marginal bone loss" to occur.5®
Studies or subgroups i
Estimate (95% CI) |
Van Steenberghe et al38 1.15 (1.00, 1.30) ———
Sanna et al®® 0.95 (0.77, 1.13) ——
Johansson et al*® 1.30 (1.16, 1.44) | —a—
Meloni et alt 1.66 (1.62, 1.70) ! »
Nikzad et al42 0.55 (0.51, 0.59) -. :
Van de Velde et al43 2.05 (1.90, 2.20) ! ——
Horwitz et al*4 0.65 (0.51, 0.79) R — !
Komiyama et al*® 1.20 (0.99, 1.41) .
Pozzi et al*6 0.57 (0.50, 0.64) - |
D’Haese et al*’ 0.47 (0.30, 0.64) - = !
Landazuri-Del Barrio et al*8 0.83 (0.80, 0.86) | !
Marra et al*® 1.20 (1.12, 1.28) .
1
Browaeys et al®® 1.13 (0.92, 1.34) R
Lopes et al®! 1.70 (1.41, 1.99) ! -
Schnitman et al®2 1.46 (1.30, 1.62) ! —
Vasak et al®3 1.44 (1.23, 1.65) : ——,—
Vercruyssen et al®* 0.61 (0.51, 0.71) - |
Yamada et al5s 0.32(0.27,0.37) - |
1
1
Overall (12 = 99.38%, P < .01) 1.06 (0.83, 1.30) _—
.
[ I I ]
0.5 1 1.5 2

Fig 2 Forest plot for the event “marginal bone loss” at 1-year follow-up.
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Studies or subgroup Estimate (95% CI) |
]
]
Sanna et al? 1.60 (1.40, 1.80) —.—I—I
Pozzi et al*® 0.60 (0.53, 0.67) i !
Marra et al*® 1.90 (1.76, 2.04) i ——
Browaeys et al®? 1.61 (1.30, 1.92) ; =
| —
Lopes et al®! 1.70 (1.52, 1.88) !
]
Overall (12 = 99.00%, P < .01) 1.48 (0.81, 2.15) ,
| T
1 15
Fig 3 Forest plot for the event “marginal bone loss” at 3-year follow-up.
Studies or subgroups Estimate (95% ClI)
Van Steenberghe et al38 1.15 (1.00, 1.30) —_—
Sanna et al (1 y)3° 0.95 (0.77, 1.13) —-
Sanna et al (3 y)%° 1.60 (1.40, 1.80) ——
Johansson et al*® 1.30 (1.16, 1.44) T —
Meloni et al*t 1.66 (1.62, 1.70) | ]
Komiyama et al*® 1.20 (0.99, 1.41) ———
D’Haese et al (complete)*” 0.44 (0.13, 0.75) B —
Landazuri-Del Barrio et al*® 0.83 (0.80, 0.86) [ |
Marra et al (1 y)*° 1.20 (1.12, 1.28)
Marra et al (3 y)*° 1.90 (1.76, 2.04) —a—
Browaeys et al%° 1.13(0.92, 1.34) S om
Browaeys et al (3 y)%° 1.61 (1.30, 1.92) ——
Lopes et al (1 y)°t 1.70 (1.41, 1.99) e
Lopes et al (3 y)%t 1.70 (1.52, 1.88) —
Vercruyssen et al®* 0.61 (0.51, 0.71) -
Yamada et al®® 0.32 (0.27, 0.37) E 3
Subgroup complete edentulism 1.20 (0.93, 1.48) — e
(12 = 99.31%, P = .00)
Nikzad et al*2 0.55 (0.51, 0.59) =
Van de Velde et al*® 2.05 (1.90, 2.20) ——
Horwitz et al*4 0.65 (0.51, 0.79) —a—
Pozzi et al (1 y)*® 0.57 (0.50, 0.64) -
Pozzi et al (3 y)46 0.60 (0.53, 0.67) =
D’'Haese et al (partial)*’ 0.42 (0.11, 0.73)
Subgroup partial edentulism 0.81 (0.53, 1.09) —_—
(12 = 98.63%, P = .00)
Overall (12 = 99.32%, P = .00) 1.10 (0.88, 1.31) e ——
[ I
0.5 15
Fig 4 Forest plot for the event “marginal bone loss” when studies were pooled based on the type of edentulism.
Smokers Nonsmokers Mean difference Mean difference
Mean SD Mean SD IV, Random, 1V, Random,
Study or Subgroup (mm) (mm) Total (mm) (mm) Total Weight 95% CI (mm) 95% Cl (mm)
D’'Haese et al*” 0.62 1.05 23 0.36 0.89 78 26.4% 0.26 (-0.21, 0.73) |
Sannaetal (1y)3° 1.1 1.4 71 08 1.1 112 35.1% 0.30 (-0.08, 0.68) I
Sannaetal 2y)3® 1.6 1.6 43 0.8 1.2 59 19.9% 0.80 (0.23, 1.37)
Sannaetal (3y)3° 2 1.6 40 1.2 1.1 45 18.7% 0.80 (0.21, 1.39)
Total (95% CI) 177 294 100.0% 0.48 (0.20, 0.77) T T l T T
Heterogeneity: Tau? = 0.02; Chi2 = 4.00, df = 3 (P = .26); 12 = 25% -2 -1 0 1 2
Test for overall effect: Z = 3.34 (P = .0009) Favors smokers Favors nonsmokers

Fig 5 Forest plot of comparison of computer-guided implants placed in smokers versus computer-guided implants placed in non-
smokers for the event “marginal bone loss.”
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reconstructions in edentulous and partially dentate
patients after a minimum of 5 years of loading. Also, in
a recently published meta-analysis, Firme et al*® found
a 0.32-mm difference between single fixed prostheses
and multiple-unit screw-retained prostheses.

Another factor evaluated for the outcome “MBL”
was “smoking.” The analysis of the two studies3*#7 re-
porting on the MBL in a group of smokers showed a
statistically significant effect of smoking on the mag-
nitude of MBL around implants placed with static
computer assistance (P = .0009). This observation is in
accordance with previous works showing that smok-
ers have a higher risk of implant failure, peri-implan-
titis, and MBL than nonsmokers.>9-62 Also, most of the
complications or failed implants occurred in smok-
ers 3944475455 Therefore, smoking should also be con-
sidered as a risk factor for MBL when placing implants
with computer guidance, yet there is insufficient evi-
dence to draw robust conclusions.

On the other hand, there is some concern that
heat-induced necrosis can occur during the guided
flapless drilling,'3-'¢ because the sleeves limit direct
irrigation from the active point of the drill (external
irrigation). In addition, it was demonstrated that the
classic drilling procedure is more favorable to cell vi-
ability than guided surgery.'? As a result, one would
argue that static computer-guided surgery might lead
to more crestal bone loss over time, but the findings
of the present review indicate that mean MBL values
for computer-guided surgery are comparable to ex-
tended two-stage conventional procedures. It is worth
mentioning, however, that in this review, three studies
observed a mean MBL of more than 2 mm at the 1-year
follow-up (Johansson et al*® in 19% of all implants,
Komiyama et al* in 27%, and Lopes et al’' in 15.6%).
The presence of “pressure-like-ulcers”* was suggested
as a possible cause of MBL, although all studies specu-
lated that such bone loss might be an intrinsic trait of
the computer-guided technique.

Overall Completeness and Applicability of
Evidence

Unlike two-stage conventional procedures, static com-
puter-guided surgery offers the possibility of not rais-
ing a mucoperiosteal flap. Previous studies have shown
that precluding the elevation of a flap may reduce the
surgical trauma, the time spent during the operation,
and patient’s morbidity (eg, postoperative bacteremia,
discomfort, swelling, and pain).®'%63 As a result, this
approach has gained interest because some investi-
gations also showed that raising a flap leads to bone
resorption.54-%¢ In contrast, it is noteworthy to address
two studies that performed flap elevation in the pres-
ent review. First, Horwitz et al** carried out a study in
patients previously diagnosed with and treated for
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generalized chronic periodontitis, and after the 1-year
follow-up, the mean MBL was 0.65 mm (SD = 0.5 mm).
In spite of raising a flap and the previous history of
periodontal disease, the annual mean MBL was less
than 1.5 mm. Second, Vercruyssen et al** conducted
a RCT to compare guided surgery with conventional
implant placement. The computer-guided group was
subdivided into mucosa-supported guides (without
flap elevation) and bone-supported guides (with flap
elevation), and after the 1-year follow-up, no signifi-
cant differences were found between the flapless and
the flap group (mean MBL= 0.61 mm, SD = 0.86 mm).
Moreover, three recent systematic reviews36:67.68 con-
cluded that MBL of flapless interventions were compa-
rable with the flap surgery approach, so it is prudent
not to draw conclusions, as the influence of raising a
flap on MBL remains unclear.

Another feature of computer-guided surgery is the
possibility of immediate/early loading of implants.
Immediate implant loading protocols have been pro-
posed to reduce the time interval between implant
surgery and the delivery of the prosthetic restoration
with the objective of improving patient comfort and
satisfaction.%=72 In the present review, except for two
studies,*?** all implants were immediately/early-load-
ed, and the difference found between the mean MBL
after a 1-year and 3-year follow-up was 0.42 mm. This
observation is in line with some recent studies evalu-
ating the relationship between immediate loading
and MBL.73-7> For instance, Agliardi et al”? evaluated
the clinical and radiographic outcomes of immediate
full-arch fixed maxillary prostheses supported by two
axial and four tilted implants after 3 years of loading.
For the variable marginal bone level change, the dif-
ference between the mean MBL after a 1-year and
3-year follow-up was 0.48 mm (axial implants) and 0.58
mm (tilted implants). Similarly, despite methodologic
differences, Calandriello et al’* found a clinically irrel-
evant difference of 0.31 mm and De Bruyn et al”® of
0.36 mm, all favoring immediate loading. Furthermore,
Xu et al’® found that immediate and early loading of
dental implants after flapless placement did not differ
in terms of survival rate and MBL.

From all the aforementioned studies, the MBL
around implants placed with computer assistance
seems to be comparable with the conventional two-
stage technique. However, the extrapolation of the
results of this review to ordinary clinical practice
should be made with caution, as the inclusion criteria
of the majority of the included trials were strict, and
only patients known to be ideal candidates for static
computer-guided implant surgery were recruited.
Also, experienced clinicians performed most of the
surgeries in university hospitals, and it is important to
bear in mind that in those trials with less experienced
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operators, some patients experienced a crestal bone
loss of more than 2 mm at the 1-year follow-up.*4

Quality of the Evidence

Peri-implant MBL is influenced by many factors, includ-
ing surgical technique,®® tissue thickness,”” implant
design,”® implant positioning,”® and the presence of a
microgap® at the implant-abutment interface,® all of
which may have affected the outcome of interest and
not just the fact that implants were inserted with static
computer assistance, so as mentioned before, the sig-
nificance of the results should not be overstated be-
cause of its limitations.

On the other hand, when nonrandomized studies
are included in systematic reviews and meta-analyses,
potential biases are likely to be greater compared with
studies including only RCTs; therefore, results should
always be interpreted with caution.82 Since static com-
puter-guided implant placement is a relatively new
technique, there is a lack of well-controlled long-term
clinical trials; thus, narrowing the inclusion criteria
increases homogeneity among studies, but it also ex-
cludes significant data.?3 In fact, in the present review,
only two studies were RCTs, and from the remaining
16 studies, 13 were prospective studies, and 3 retro-
spective analyses; therefore, adding more information
from observational studies may aid in clinical reason-
ing and establish a more solid foundation for causal in-
ferences.®3 Having considered this, all included studies
were evaluated using the Newcastle-Ottawa scale, and
the mean score of all included papers was 6.61 from a
maximum of 9 points, and according to this scale, 6 or
more points was considered of high quality.

Presence and Impact of Potential Biases

In the present systematic review, five studies*04>°0,52,53
had a radiographic dropout, as some films were re-
garded as “not readable.” Also, only panoramic radio-
graphs were used to measure MBL in two studies,3°3
which might have made interpretation difficult, es-
pecially when examining the anterior region of the
arches, although no significant differences of marginal
bone level measurements between standardized in-
traoral and panoramic radiographs had been dem-
onstrated.8*8> Another potential source of bias in the
review process could be the fact that only papers writ-
ten in the English language were included.

Agreement with Previous Reviews

To the best of the authors’ knowledge from indexed
literature, the present study is the first to present a
more comprehensive and detailed analysis of the MBL
expected when placing computer-guided dental im-
plants. It is noteworthy that Moraschini et al” partially
addressed this issue in a recently published systematic

review, but they included only eight studies and com-
bined data without differentiating according to the
follow-up time.

CONCLUSIONS

Within the limitations of this systematic review and
meta-analytic approach to the literature, a moderate
level of evidence indicates that the MBL around im-
plants placed with static computer guidance in healed
sites is not different from the criteria established for
the standard technique during a follow-up of 1 to 3
years. Future well-controlled longitudinal comparative
research is needed to draw robust conclusions and re-
fine this technique.
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