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D
ental implant success can be
assessed by implant mobility,
marginal bone loss, and con-

dition of surrounding tissues.1

Radiographic marginal bone loss sur-
rounding dental implants has been
widely used to determine implant
success, and is associated with the
long-term success of implant treat-
ment.2 The amount of vertical alveo-
lar bone loss can be measured by
obtaining parallel technique radio-
graphs of implants after placement
and at various follow-up.3 Albrekts-
son et al4 and Karoussis et al5 sug-
gested that the vertical bone loss
should not exceed 1.5 mm during the
first year of function, and the annual
marginal bone loss should not exceed
0.2 mm after the first year of function.
The first year after implant placement,
the marginal bone loss may be more
influenced by surgical and patient fac-
tors, although prosthodontic factors only
exert their influence on marginal bone

levels around implants after restoration
and loading of the osseointegrated
implant. The prosthodontic factors of
marginal bone loss will be covered in
another overview.

This overview will investigate the
surgical and patient factors that affect
marginal bone loss around osseointe-
grated dental implants in humans. This
will aid the clinician in making informed
choices that will not contribute to

marginal bone loss around implants, thus
improving the longevity and long-term
success of their implant-supported cases.

MATERIAL AND METHODS

Focused Questions

1. What are the surgical and biolog-
ical factors that affect marginal
bone levels around implants?
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Objectives: The objective of this
systematic review was to perform
a comprehensive overview of system-
atic reviews and meta-analyses of
surgical and patient factors affecting
marginal bone loss around osseoin-
tegrated dental implants in humans.

Material and Methods: Elec-
tronic databases were searched for
systematic reviews and meta-analyses
published up to November 2015.

Results: Of the 41 articles
selected, 11 evaluated implant fac-
tors, 10 evaluated patient factors, 19
evaluated surgical protocol-related
factors, and one evaluated all three
factors. The chosen studies were
AMSTAR rated for quality. The fol-
lowing parameters have statistically
significant effect on marginal bone
loss: (1) marginal bone loss was
significantly more in patients with
periodontitis than in periodontally
healthy patients; (2) significantly

greater in generalized aggressive
periodontitis patients compared with
chronic periodontitis patients; (3)
significantly less in alveolar socket
preservation techniques; (4) signifi-
cantly more in alveolar ridge aug-
mentation sites; (5) significantly
more in men than in women; (6)
significantly more in smokers than in
nonsmokers; and (7) smokers also
have significantly more marginal
bone loss in the maxilla than in the
mandible.

Conclusion: Knowledge of the
surgical and patient factors that
affect marginal bone loss can aid
the clinician in making informed
choices in selecting implant treat-
ment options that will enhance the
longevity and long-term success of
their implant-supported cases.
(Implant Dent 2017;26:303–315)
Key Words: crestal bone, periodon-
titis, smoking, socket preservation
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Table 1. Characteristics of Articles With Surgical Treatment Planning Factors Affecting Marginal Bone Levels

Study Focused Question/Aims Factors AMSTAR Rating

Abrahamsson and
Berglundh7

To evaluate the effect of different implant surfaces and
designs on marginal bone level alterations

Implant characteristics:
implant type

Moderate

Atieh et al8 To evaluate the immediate restoration/loading of single
implants placed in the aesthetic zone under 2 different
placement protocols (extraction sockets vs healed ridges);
and second, to examine the potential effect of several
covariates on implant success or survival

Surgical protocol:
immediate implant
placement

High

Chrcanovic et al9 To compare the survival rate of dental implants, postoperative
infection, and marginal bone loss of dental implants
inserted in periodontally compromised patients and in
periodontally healthy patients

Patients factors:
periodontitis

High

Chrcanovic et al10 To test the null hypothesis of no difference in the implant
failure rates, postoperative infection, and marginal bone
loss for patients being rehabilitated by dental implants
being inserted by a flapless surgical procedure vs the open
flap technique, against the alternative hypothesis of
a difference

Surgical protocol:
flapless vs flapped
implant surgery

High

Chrcanovic et al11 To compare the survival rate of dental implants, postoperative
infection, and marginal bone loss of tilted and axially placed
dental implants

Implant position: tilted
implants

Moderate

Chrcanovic et al12 To test the null hypothesis of no difference in the failure rates,
marginal bone loss, and postoperative infection for implants
inserted in male or female patients, against the alternative
hypothesis of a difference

Patient factors: gender High

To compare 3 outcomes (implant failure rates, marginal bone
loss and postoperative infection) of clinical studies including
patients undergoing implant-prosthetic rehabilitation
comparing endosseous implants inserted in men and
women

Chrcanovic et al13 To compare the survival rate of dental implants, postoperative
infection, and marginal bone loss between smokers and
nonsmokers

Patient factors: smoking High

Chrcanovic et al14 To compare the survival rate of dental implants, postoperative
infection, and marginal bone loss of dental implants
inserted in fresh extraction sockets and in healed sites

Surgical protocol:
immediate implant
placement

High

Clementini et al15 In patients undergoing dental implant treatment, what is the
influence of systemic risk factors (systemic disease, genetic
traits, chronic drug or alcohol consumption, and smoking
status) on the occurrence of periimplant bone loss at least
1 y after implant installation and prosthetic loading?

Patient factors: smoking High

del Fabbro and
Ceresoli16

To evaluate the fate of marginal bone around tilted vs axial
implants supporting partial and complete rehabilitations,
after at least 1 y of function

Implant position: tilted
implants

High

To investigate if a relationship exist between marginal bone
change and the survival rate of axial and tilted implant over
time and if factors like the arch (maxilla vs mandible) the
type of prosthesis (partial vs complete) or the loading timing
(immediate vs delayed) could affect marginal bone changes

den Hartog et al17 To evaluate, through a systematic review of the literature, the
outcome of single-tooth replacements by dental implants in
the aesthetic zone in cases in which the adjacent teeth are
natural, thereby focusing on immediate, early, and
conventional implant treatment strategies

Surgical protocol:
immediate implant
placement

High

Esposito et al18 To evaluate whether a 1-stage implant placement procedure
is as effective as a 2-stage procedure

Surgical protocol:
1-stage vs 2-stage

High

(continued on next page)
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Table 1. (Continued)

Study Focused Question/Aims Factors AMSTAR Rating

Esposito et al19 To evaluate success, complications, aesthetics and patient
satisfaction between “immediate,” “immediate-delayed”
and “delayed” implants

Surgical protocol:
immediate implant
placement

High

To evaluate whether and when augmentation procedures are
necessary and which is the most effective technique

Esposito et al20 To compare the clinical effects of different root-formed
osseointegrated dental implant types for replacing missing
teeth for the following specific comparisons: implants with
different surface preparations, but having similar shape and
material; implants with different shapes, but having similar
surface preparation and material; implants made of different
materials, but having similar surface preparation and shape;
different implant types differing in surface preparation,
shape, material or a combination of these

Implant characteristics:
implant type

High

To compare turned and roughened dental implants for
occurrence of early implant failure (before prosthetic
loading) and occurrence of periimplantitis

Goncalves et al21 To assess the long-term clinical performance of short and
extra-short dental implants

Implant characteristics:
implant length

Moderate

Kim et al22 To analyze the current literature and to assess the outcomes
of implant treatment in patients with generalized aggressive
periodontitis

Patients factors:
periodontitis

Moderate

Kinaia et al23 What is the effect of immediate implant placement on crestal
bone loss changes after at least 12 mo of functional
loading?

Surgical protocol:
immediate implant
placement

High

Surgical protocol:
1-stage vs 2-stage

Lang et al24 To quantitatively estimate the survival and success rates of
immediate implants and the implant-supported prosthesis,
the prevalence of biological, technical, and aesthetic
complications, and the magnitude of soft and hard tissue
changes following implant placement in fresh extraction
sockets

Surgical protocol:
immediate implant
placement

High

Laurell et al25 To compile and compare data on periimplant marginal bone
level changes from prospective studies that have registered
the periimplant marginal bone level radiographically at the
time of prosthetic connection, and after 5 y of follow-up for
implant systems currently available on the market

Implant characteristics:
implant type

Moderate

Li et al26 To evaluate correlations between marginal bone resorption
and high insertion torque value (.50 N$cm) of dental
implants and to assess the significance of immediate and
early/conventional loading on implants under a certain
range torque value

Surgical protocol:
insertion torque

Moderate

Lin et al27 To compare the implant survival rate and the amount of
marginal bone loss of implants placed with the flapless
approach and flap surgery by means of meta-analyses

Surgical protocol:
flapless vs flapped
implant surgery

High

Mardas et al28 Is there any additional benefit of alveolar ridge preservation
techniques over unassisted healing in terms of the
following: (1) implant placement feasibility, (2) need for
further augmentation, (3) implant survival, (4) implant
success, and (5) marginal bone loss

Surgical protocol: use of
bone grafts

High

What are the estimated size effects of implant placement
feasibility, need for further augmentation and the survival,
success and marginal bone loss of implants placed
following different alveolar ridge preservation techniques?

(continued on next page)
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Table 1. (Continued)

Study Focused Question/Aims Factors AMSTAR Rating

Menini et al29 To evaluate the prognosis of immediately loaded full-arch
prostheses supported by both upright and tilted implants
in the maxillae, after at least 1 y of function

Implant position: tilted
implants

Moderate

Mezzomo et al30 In partially edentulous patients presenting severe resorption
of the posterior region of the jaws, what is the effect of
restoring short (,10 mm) implants with single crowns
compared with single crowns supported by implants of
conventional length associated with bone grafts on the
failure rates of these implants and prostheses and what
are the risk factors for failure and/or complications?

Implant characteristics:
implant length; Implant
surface

High

Patient factors:
periodontitis; smoking;
gender

Surgical protocol:
1-stage vs 2-stage

Monje et al31 To compare marginal bone loss between nonaxially and
axially placed implants

Implant position: tilted
implants

High

To assess whether tilted implants are related to a higher
incidence of prosthetic complications

Monje et al32 To investigate the influence of implant length on marginal
bone loss and the factors that might influence the
outcome obtained in rough surface dental implants

Implant characteristics:
implant length

Moderate

Monje et al33 Do edentulous patients restored with implant-supported
prostheses have a higher or similar implant survival rate
and/or marginal bone loss among patients with a history
of generalized periodontitis and/or healthy periodontium
and/or patients with chronic periodontitis?

Patient factors:
periodontitis

High

Moraschini and
Barboza34

To compare marginal bone loss and the failure of implants
during different follow-up periods between smokers and
nonsmokers

Patient factors: smoking High

Moraschini et al35 What are the implant survival rates, marginal periimplant bone
changes, and complications of guided surgery for the
treatment of fully edentulous patients after a 1-y follow-up?

Surgical protocol:
flapless vs flapped
implant surgery

Moderate

Quirynen et al36 To systematically review the current literature on the clinical
outcomes and incidence of complications associated with
immediate implants (implants placed into extraction
sockets at the same surgery that the tooth is removed) and
early implants (implants placed following soft tissue healing)

Surgical protocol:
immediate implant
placement

Moderate

Ramanauskaite
et al37

To research the literature published in the past 10 y in relation
to the possible association between a history of chronic
periodontitis and dental implant survival rates, the
occurrence of periimplantitis, and its possible influence on
marginal bone loss and to perform a meta-analysis using
the random-effect model to assess whether susceptibility
to chronic periodontitis has any influence on dental implant
prognosis

Patients factors:
periodontitis

Moderate

Rotundo et al38 To investigate the long-term effect of soft tissue augmentation
procedures around dental implants on soft and hard tissue
stability

Surgical protocol: soft
tissue augmentation

High

Sgolastra et al39 To assess the scientific evidence regarding the risks of
implant loss, implant bone loss, and periimplantitis
incidence in subjects with a history of periodontal disease,
compared with patients without periodontal disease

Patients factors:
periodontitis

High

Slagter et al40 To systematically assess the condition of implant survival,
periimplant hard and soft tissue changes, esthetic
outcome, and patient satisfaction of immediately placed
single-tooth implants in the esthetic zone

Surgical protocol:
immediate implant
placement

High

(continued on next page)
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2. Does the patient’s systemic and
oral health affect marginal bone
levels around implants?

Search Protocol
A systematic search was conducted

of EMBASE, PUBMED, Web of Sci-
ence, Cochrane library, and Google
Scholar for systematic reviews and
meta-analyses of marginal bone levels
around implants that were published
from inception until November 2015.
The following keywords were used for
the search (“marginal bone”OR “crestal
bone”) AND (“systematic review” OR
“meta-analysis”). In addition, gray liter-
ature was searched on Google Scholar
using advance search tofind articleswith
the word “marginal bone” or “crestal
bone” and at least one of the words “sys-
tematic review” or “meta-analysis.”
Hand searching was also conducted on
the reference list of the identified sys-
tematic reviews and meta-analyses.

Inclusion/Exclusion Criteria

1. The review must categorize itself
as a systemic review or meta-
analysis in the title or abstract.

2. The focused questions or review
objectives must pertain to mar-
ginal bone levels around im-
plants in humans. Focused
questions or review objectives
including animal studies
together with human studies
were excluded. Reviews on ani-
mal studies were excluded.

3. Only systematic reviews or
meta-analyses that reviewed 5
or more studies pertaining to
marginal bone around implants
were included.

4. Only reviews of moderate to high
quality, scored on the AMSTAR
checklist, were selected.

Screening, Selection, and
Data Extraction

Two reviewers (M.T. and M.S.T.)
independently reviewed the title and
abstract to eliminate articles that obvi-
ously were not systematic reviews or
meta-analyses related to marginal bone
levels around implants. The predeter-
mined inclusion and exclusion criteria
previously described were indepen-
dently applied by the reviewers (M.T.

and M.S.T.) while evaluating the full-
text for inclusion. Disagreements were
resolved by discussion with a third
reviewer (G.H.J.).

One reviewer (M.T.) extracted the
data using a previously pilot-tested
data extraction form, and 2 other
reviewers (M.S.T. and G.H.J.) sepa-
rately checked the extraction data for
correctness. Disagreements were
resolved by discussion.

Assessment of Quality of Systematic
Reviews and Meta-analyses

The quality of the selected re-
views were AMSTAR6 rated by 2 re-
viewers (M.T. and M.S.T.), the
ratings were scored using the Amstar
checklist. Disagreements were
resolved by discussion with a third
reviewer (G.H.J.). Studies were rated
as high quality if scoring 8 to 11 of 11
points, of moderate quality if scoring
4 to 7 of 11 points, or of low quality if
scoring 0 to 3 of 11 points. Studies
of the lowest quality (scores of
0–3) were eliminated. Table 1 showed
a list of chosen reviews and their
AMSTAR ratings.

Table 1. (Continued)

Study Focused Question/Aims Factors AMSTAR Rating

Strietzel et al41 Is there a significantly enhanced risk of implant failures in
smokers compared with nonsmokers?

Patient factors: smoking Moderate

To investigate the influence of smoking on implants inserted
with accompanying augmentation procedures

Vohra et al42 To systematically review the crestal bone levels and clinical
periimplant inflammatory parameters around zirconia
dental implants

Implant characteristics:
implant type

Moderate

Vohra et al43 Does flapped and flapless surgical technique influence
crestal bone loss around dental implants placed in
healed site

Surgical protocol:
flapless vs flapped
implant surgery

Moderate

Voulgarakis et al44 To evaluate the outcomes of flapless surgery for implants
placed with free-hand or guided surgical methods, the
latter either with or without 3D navigation

Surgical protocol:
flapless vs flapped
implant surgery

Moderate

Vouros et al45 In patients treated with dental implants placed in pristine
bone, what are the clinical and radiographic outcomes
of bone level implants in comparison with tissue level
implants after restoration with dental prostheses?

Implant characteristics:
bone level or tissue
level implants

High

Wang et al46 To determine whether dental therapy in combination with
advanced alveolar bone grafting provides the desired
outcome of successful therapy in patients with a history
of alveolar cleft

Surgical protocol: use of
bone grafts

Moderate

Yang et al47 To evaluate which is the better choice in atrophic
jawsdlonger implants with augmentation of the alveolar
ridge or shorter implants in native bone

Surgical protocol: use of
bone grafts

High

Of the 41 articles selected for marginal bone levels around implants, 11 evaluated implant factors, 10 evaluated patient factors, 19 evaluated surgical factors, and one evaluated all 3 factors. The AMSTAR
ratings for the chosen studies consisted of 25 reviews of high quality and 16 reviews of moderate quality. SR indicates implant survival rate.
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RESULTS

The search yielded 591 reviews in
PUBMED, 86 in EMBASE, 233 in
Web of Science, 26 in Cochrane
Library, and 20 in Google Scholar.
After the initial abstract and title
screening, 106 reviews were selected
from PUBMED, 67 from EMBASE,
105 from Web of Science, 26 from
the Cochrane Library, 20 from
Google Scholar, and 2 from hand
searching of the reference list of the
selected systematic reviews or meta-
analyses. The duplicates were elimi-
nated and a total of 116 reviews
remained for full-text analysis. After
full-text analysis, 75 were eliminated,

resulting in 41 selected for data
extraction (Fig. 1).

Of the 41 articles selected for
marginal bone levels around implants,
11 evaluated implant factors, 10 evalu-
ated patient factors, 19 evaluated surgi-
cal factors, and 1 evaluated all 3 factors.
The AMSTAR ratings for the chosen
studies consisted of 25 reviews of high
quality and 16 reviews of moderate
quality (Table 1). Approximately 61%
of the selected reviews were of high
quality, and approximately 39% were
of moderate quality.

Implant Factors
Of the 12 systematic reviews

(Table 2) that reported on implant

factors that affect marginal bone loss,
8 reported on implant characteristics
and 4 reported on implant position.

Of the 8 systematic reviews on
implant characteristics, 2 reported on
the effects of implant length on mar-
ginal bone loss,7,20 one reported on the
effects of implant surface and implant
length,30 4 reported on the effects of
implant type,7,20,25,42 and one reported
on the effects of bone level compared
with tissue level implants.45

Of the 3 that reported on the effects
of implant length on marginal bone
loss, 2 concluded that there is increased
marginal bone loss in short im-
plants,21,30 and that wide diameter short

Fig. 1. Search strategy for marginal bone levels around implants: After abstract and title screening, and the elimination of duplicates a total of
116 reviews remained for full-text analysis. After full-text analysis, 75 were eliminated, resulting in 41 selected for data extraction.
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implants30 presented significantly more
marginal bone loss than regular diame-
ter short implants. However, this was
contradicted by a meta-analysis that
found marginal bone loss on short

compared with standard implants to be
statistically nonsignificant.32

Of the 4 that reported on the effects
of implant type onmarginal bone loss, 2
reported no significant difference in

marginal bone loss between different
implant systems.7,20 One reported a sta-
tistically significant difference between
the systems.25 One reported significant
bone loss around zirconia implants.42

Table 2. Implant Factors Affecting Marginal Bone Levels

Study Marginal bone loss

Implant characteristics: implant length
Goncalves et al21 Short implants defined as less than 10 mm in total length and 8 mm intrabone length

Mean marginal bone loss in short implants varied from 0 to 2 mm after 1 y follow-up
Mezzomo et al30 Pooled radiographic marginal bone loss was 0.835 mm

Meta-regression analysis implant length (#8 mm or .8 mm) reported that implants with length
#8 mm increased marginal bone loss

Marginal bone loss seemed to be significantly higher with nonsubmerged implants than with
submerged ones

Regular diameter short implants presented significantly less radiographic marginal bone loss than
wide diameter

The incidence of failures/complications and marginal bone loss of maxillary short implants were lower
than those of mandibular short implants

Monje et al32 Marginal bone loss around implants does not seem to be influenced by implant length
The meta-analysis (random-effect model) performed to compare standardized differences in mean

marginal bone loss on short (,10 mm) and standard ($10 mm) implants was statistically
nonsignificant

Implant characteristics: implant type
Abrahamsson and
Berglundh7

No evidence that modified surfaces are superior to nonmodified implant surfaces in marginal bone
preservation

No implant system was found to be superior in marginal bone preservation
Difference in marginal bone loss between implants with TiOblast surface and turned surface was not

statistically significant
Most studies reported no statistical difference between implant types

Esposito et al20 No significant difference in marginal bone loss between different implant surfaces
No significant difference in marginal bone loss between different implant systems with combinations of

different surface characteristics, shapes, dimensions, purity of titanium, surgical protocols
Laurell et al25 Pooled mean marginal bone level change amounted to −0.24 mm for the Astra Tech Dental Implant

System, −0.75 mm for the Brånemark System, and −0.48 mm for the Straumann Dental Implant
System over 5 y, with a statistically significant difference between the systems

The mean marginal bone loss was below 1 mm over 5 y for the 3 systems
This would correspond to an annual mean bone loss of 0.05, 0.15, and 0.10 mm for Astra Tech

Dental Implant System, Brånemark System, and Straumann Dental Implant System, respectively
Vohra et al42 Thirty-eight percentage of studies showed significant crestal bone loss around Zirconia implants at

follow-up; approximately 62% of the studies showed crestal bone loss around Zirconia implants at
baseline and follow-up was comparable

Implant characteristics: implant surface
Mezzomo et al30 Marginal bone levels were not significantly affected by rough compared with machined implant

surfaces
Implant characteristics: bone level or tissue level implants
Vouros et al45 Pooled estimated difference of mean marginal bone loss between bone level and tissue level implants

was 0.05 mm, with no statistically significant difference between groups at 1 y
Implant position: tilted implants
Chrcanovic et al11 No apparent significant effects of tilted dental implants on the occurrence of marginal bone loss
del Fabbro and Ceresoli16 Periimplant crestal bone loss after 1 y of function ranged from 0.43 to 1.13 mm for axial implants and

0.34–1.14 mm for tilted implants, but the difference was not significant
The location, maxilla or mandible had no significant effect on the marginal bone loss

Menini et al29 No significant mean difference between tilted and upright implants was found with regard to bone loss
Monje et al31 No significant difference in weighted mean marginal bone loss was found between tilted and straight

implants in 1 y and 3–5 y follow-up

Of the 12 systematic reviews that reported on implant factors that affect marginal bone loss, 8 reported on implant characteristics and 4 reported on implant position.
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One systematic review on the
effect of implant surface on marginal
bone levels reported that the
marginal bone levels were not signif-
icantly affected by surface-treated
compared with machined implant
surfaces.30

One systematic review compared
the effect of bone level versus tissue
level; it reported no statistically signif-
icant marginal bone loss between the 2
groups at 1 year.45

Of the 4 systematic reviews that
reported on implant position, all
reviews reported on tilted implants
compared with upright im-
plants.11,16,29,31 All these reviews re-
ported that the position, tilted or

upright, has no significant effect on
the marginal bone loss.

Patient Factors
Of the 11 systematic reviews

(Table 3) that reported on patient factors
that affect marginal bone loss around
implants, 4 reported on the effects of
periodontitis, 4 reported on the effect
of smoking, 1 on the effect of gender,
and 1 on the effect of all 3 factors.

Of the reviews that reported on the
effects of periodontitis on marginal
bone loss around implants, all studies
reported that periodontally compro-
mised patients have significantly more
marginal bone loss than periodontally
healthy patients.9,22,30,33,37,39 Among

them, 2 reviews further reported that
generalized aggressive periodontitis pa-
tients have significantly more marginal
bone loss than chronic periodontitis or
periodontally healthy patients.22,33

Of the reviews that reported on
the effects of smoking on marginal
bone loss around implants, all re-
views13,15,34,41 except 1 review30 re-
ported that smokers have statistically
more marginal bone loss around im-
plants than nonsmokers.

Of the reviews that reported on the
effects of gender on marginal bone loss
around implants, all reported significant
gender differences,12,30 and men with
significantly more marginal bone loss
than women.12

Table 3. Patient Factors Affecting Marginal Bone Levels

Study Marginal Bone Loss

Patients factors: periodontitis
Chrcanovic et al9 There were significantly more marginal bone loss in dental implants inserted in periodontally

compromised patients compared with periodontally healthy patients
Kim et al22 Marginal bone loss around implant in patients with generalized aggressive periodontitis as compared

with implants in patients with chronic periodontitis or periodontally healthy patients was not
significantly greater in short term studies but was significantly greater in long-term studies

Mezzomo et al30 Marginal bone loss between periodontal patients and nonperiodontal was statistically significant
Monje et al33 Marginal bone loss around implants in patients with generalized aggressive periodontitis was

significantly greater compared with implants in patients with chronic periodontitis or periodontally
healthy patients

However, the weighted mean difference between aggressive periodontitis and the other selected
periodontal conditions was small (0.28–0.43 mm) and might not have clinical significance

Ramanauskaite et al37 All the studies showed less marginal bone loss in nonperiodontitis group when compared with the
periodontitis group, statistically significant difference was only reported in 60% of studies

Marginal bone loss rates are higher in periodontitis patients than in nonperiodontitis patients
Sgolastra et al39 A higher and significant implant bone loss was present in patients with periodontal disease compared

with periodontally healthy patients
Patient factors: smoking
Chrcanovic et al13 The insertion of dental implants in smokers statistically increase the marginal bone loss compared with

nonsmokers
Clementini et al15 The meta-analysis suggested that smoking has a harmful effect on bone loss

Smoking significantly increased the annual rate of bone loss by 0.164 mm/y
Mezzomo et al30 Marginal bone loss of studies where smokers were included were not statistically significant when

compared with studies where smokers were not included
Moraschini and
Barboza34

The marginal bone loss in the group of smokers ranged from 0.07 to 2.7 mm; in the nonsmoking
group, the marginal bone loss ranged from 0.04 to 3.13 mm

All studies performed this analysis via radiographic measurements of the implant platform in relation to
the alveolar bone crest

Smokers have significantly more marginal bone loss than nonsmokers
Smokers have significantly more marginal bone loss in maxilla than mandible

Strietzel et al41 Smokers have significantly enhanced marginal bone loss compared with nonsmokers
Patient factors: gender
Chrcanovic et al12 Men have significantly more marginal bone loss around implants than women
Mezzomo et al30 The fixed effect meta-regression analysis reported the mean marginal bone loss was significantly

affected by the variable males vs females

Of the 11 systematic reviews that reported on patient factors that affect marginal bone loss around implants, 4 reported on the effects of periodontitis, 4 reported on the effect of smoking, one on the effect
of gender, and one on the effect of all 3 factors.
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Table 4. Surgical Protocol Affecting Marginal Bone Levels

Study Marginal Bone Loss

Surgical protocol: flapless vs flapped implant surgery
Chrcanovic et al10 There was no statistically significant difference between flapped and flapless techniques regarding

marginal bone loss
Lin et al27 When comparing marginal bone loss for flapped and flapless techniques, no statistical significant

were observed when examining pooled results
Moraschini et al35 Radiographs were used to evaluate bone level changes using the implant platform or screw as

a reference in relation to the alveolar bone crest
Variation ranged from 0.83 mm to 1.9 mm at follow-up visits 1–3 y after the flapless procedure
The pooled marginal bone loss was 1.45 mm for flapless computer-guided surgery

Vohra et al43 Crestal bone loss around dental implants placed in healed sites using flapped and flapless
techniques is comparable

Voulgarakis et al44 Free-hand flapless surgery showed mean marginal bone loss between 0.09 and 1.40 mm at 1–4 y
after implant insertion

Flapless-guided surgery without 3D navigation showed mean marginal bone loss of 0.89 mm after
an observation period of 2–10 y

The mean marginal bone loss for implants placed with 3D guided flapless surgery were 0.55–
2.6 mm at 1–5 y after implant insertion

Surgical protocol: immediate implant placement
Atieh et al8 Most studies reported overall marginal bone loss less than 1 mm in immediate placement site with

or without bone grafting
The meta-analysis reported a significant bone gain in the immediate placement group compared

with the delayed placement group
Chrcanovic et al14 There was no significant effect of implants inserted in fresh extraction sockets on the magnitude of

marginal bone loss compared with healed sites
den Hartog et al17 Bone level changes were not statistically different between immediate and conventional placement
Esposito et al19 No statistically significant differences for marginal bone level changes between immediate-delayed

vs delayed implant placement
Kinaia et al23 More marginal bone preservation around immediately placed implants compared with implant

placement in healed/native bone at 12 mo, mean marginal bone gain of 0.0242 mm
Lang et al24 Marginal bone loss predominantly took place in the first year after implant placement, with

a magnitude less than 1 mm
4.2% of implants showed crestal bone contact apical to the first thread
No comparison made to delayed implant placement

Quirynen et al36 Most studies showed that after 1 and 5 y, 12% and 18% of immediately placed implants lost more
than 2 mm of marginal bone, respectively

No comparison made to delayed implant placement
Slagter et al40 Mean marginal periimplant bone loss was 0.81–0.48 mm

Regression analysis revealed that delayed provisionalization, use of a flap, and use of a connective
tissue graft were associated with marginal periimplant bone level change .0.50 mm

No comparison made to delayed implant placement
Surgical protocol: use of bone grafts
Mardas et al28 The standardized mean difference in implant proximal bone loss between alveolar ridge

preservation and nontreated extraction sites was −0.039 mm and was statistically significant
When guided bone regeneration were used, the average radiographic bone loss in implants

proximal sites ranged between 0.12 and 1.4 mm
Wang et al46 Dental implant placement in bone grafted sites in alveolar cleft patients showed a difference in

marginal bone loss around implants ranging from a mean of 0.28 mm with a 40 mo follow-up to
a mean of 3.5 mm with a 76 mo follow-up

Yang et al47 There were significantly more marginal bone losses in the ridge augmentation group than in the
shorter implants group

Surgical protocol: soft tissue augmentation
Rotundo et al38 There is no long-term evidence that augmented soft tissues can influence the periimplant bone

levels
Surgical protocol: insertion torque

(continued on next page)
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Surgical Factors
Of the 20 systematic reviews

(Table 4) that reported on surgical
factors that affect marginal bone loss,
5 reported on the effects of flapless
versus flapped, 7 reported on the ef-
fects of immediate placement, 3 re-
ported on the effects of using bone
grafts, 1 reported on the effects of soft
tissue graft, 1 reported on the effects
of insertion torque, 2 reported on ef-
fects of 1-stage versus 2-stage
implant procedures, and 1 reported
on the effects of 1-stage versus
2-stage implant procedures and
immediate implant placement.

Reviews that compared flapless
versus flapped implant surgery on mar-
ginal bone loss around implants re-
ported no statistically significant
differences.10,27,35,43,44

Of the reviews that reported on
immediate implant placement, 3 re-
views reported no significant differ-
ence between implants placed in fresh
extraction sockets compared with
healed sites.14,17,19 However, 2 re-
views reported significant marginal
bone gain around immediately placed
implants compared with implant
placed in the healed bone.8,23 And
the other 3 reviews reported on the
magnitude of marginal bone loss with
no comparison made to delayed
implant placement.24,36,40

The effect of bone grafting on
marginal bone levels depends on when
and how the grafts are applied.28,46,47 In
alveolar ridge preservation using grafts
in the extraction sockets, the implant
proximal bone loss between alveolar
ridge preservation and nontreated

extraction sites was statistically less,28

whereas marginal bone loss around im-
plants were significantly more in ridge
augmentation sites than in sites using
shorter implants.47

The one review that reported on the
effects of soft tissue augmentation on
marginal bone loss reported no long-
term evidence that the augmented soft
tissues can influence periimplant bone
levels.38

The one review that reported on the
effects of insertion torque on marginal
bone levels found no significant differ-
ences between high insertion torque
and conventional torque.26

Most studies reported no statisti-
cally significant difference in marginal
bone level changes between 1-stage and
2-stage implant procedures.18,23 How-
ever in short implants, 1-stage and
2-stage implant procedures may have
a significant effect.30

DISCUSSION

Factors that affect marginal bone
loss discussed in this overview
included implant factors, patient fac-
tors, and surgical factors. Most
selected reviews in this overview re-
ported meanmarginal bone loss of less
than 2 mm. However, this overview
should be interpreted with caution
because the included systematic re-
views have inherent limitations. Some
of these limitations include the incon-
sistent data available in the individual
studies used in the systematic reviews,
the insufficient follow-up time of these
studies, and the inclusion of other
types of studies besides prospective

studies. Furthermore, the reference
points used to measure marginal bone
loss varied between studies. Most
studies measured marginal bone levels
as the distance between the implant
platform or the implant-abutment
junction and the marginal bone or the
first radiographically visible bone-to-
implant contact, whereas other studies
use the border between the conical and
cylindrical parts of the implant head
and the machined/rough surface junc-
tion of the implant root component as
reference points. In addition, the
radiographic technique used in most
of these individual studies, to ensure
that the follow-up and the baseline
radiograph were of the same angula-
tion, position, and exposure, were
poorly defined or not described. This
may result in erroneous outcomes in
the comparison of premarginal and
postmarginal bone levels.

This overview reported that the
implant characteristics and position do
not consistently affect marginal bone
levels. The selected systematic reviews
on implant length,21,30,32 and type7,20,25

reported conflicting outcomes, whereas
selected systematic reviews on implant
surface30 and position11,16,29,31,45 re-
ported no significant effect on marginal
bone loss.

Patient factors compared with
implant factors may have a greater
influence on the marginal bone levels
around implants. Periodontitis pa-
tients,9,22,30,33,37,39 smokers13,15,34,41

and men12,30 are significantly more
prone to marginal bone loss around
implants than periodontally healthy
patients, nonsmokers and women.

Table 4. (Continued)

Study Marginal Bone Loss

Li et al26 No significant differences for marginal bone resorption between high insertion torque and
conventional torque

Surgical protocol: 1-stage vs 2-stage
Esposito et al18 There was no statistically significant difference in marginal bone level changes between 1-stage

and 2-stage implant procedures
Kinaia et al23 There was no difference in mean crestal bone level changes with regard to 1-stage or 2-stage

immediate implant placement protocol
Mezzomo et al30 In short implants, the fixed effect meta-regression analysis reported the mean marginal bone loss

was significantly affected by the variable 1-stage vs 2-stage

Of the 20 systematic reviews that reported on surgical factors that affect marginal bone loss, 5 reported on the effects of flapless versus flapped, 7 reported on the effects of immediate placement,
3 reported on the effects of using bone grafts, 1 reported on the effects of soft tissue graft, one reported on the effects of insertion torque, 2 reported on effects of 1-stage versus 2-stage implant
procedures, and 1 reported on the effects of 1-stage versus 2-stage implant procedures and immediate implant placement.
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Surgical factors like the flap design
(flapped or flapless),10,27,35,43,44 surgi-
cal protocol (1-stage or 2-stage),18,23

insertion torque,26 and soft tissue aug-
mentation38 do not affectmarginal bone
levels around implants.

The selected systematic reviews
on immediate implant placement in
extraction sockets reported conflicting
outcomes, some reported no signifi-
cant difference compared with implant
placement in healed sites,14,17,19

others reported marginal bone gain
for immediate placement compared
with delayed placement in healed
sites.8,23

Grafting at the time of extraction
should be considered if the extraction
site is treatment planned for implants.
Ridge preservation technique using
grafts in the extraction sockets can
significantly reduce marginal bone
loss of implants placed in those
sites.28

Because marginal bone loss
around implants were significantly
more in ridge augmentation sites than
in sites using shorter implants,47 short-
er implants may also be considered.
The use of shorter wide-diameter im-
plants does not affect the implant
survival compared with longer
implants.48

CONCLUSIONS

Therefore, taking into account the
limitations of the selected systematic
reviews, this overview suggested that
the following parameters have no sta-
tistically significant effect on marginal
bone levels:

1. Surface-modified implants com-
pared with machined implants

2. Zirconium compared with tita-
nium implants

3. Bone level implants compared
with tissue level implants

4. Tilted compared with axial
implant position

5. Flapless compared with conven-
tional flapped surgical placement
of implants

6. Soft tissue augmentation compared
with no soft tissue augmentation

7. High insertion torque compared
with conventional torque

8. One-stage surgery compared with
2-stage surgery.

The following parameters have
conflicting reports on their effect on
marginal bone levels:

1. Implant lengths
2. Implant type
3. Immediate compared with de-

layed implant placement

More importantly, the following
parameters have statistically significant
effect on the marginal bone levels:

1. Marginal bone loss was signifi-
cantly more in patients with
chronic periodontitis than in peri-
odontally healthy patients

2. Marginal bone loss around im-
plants in generalized aggressive
periodontitis patients was signifi-
cantly greater than chronic perio-
dontitis patients in the long term

3. Smokers have significantly
more marginal bone loss than
nonsmokers

4. Smokers have significantly more
marginal bone loss in the maxilla
than in the mandible

5. Men have more marginal bone
loss than women

6. Marginal bone loss is significantly
less in alveolar ridge preservation
using grafts

7. Marginal bone loss was signifi-
cantly more in the bone augmen-
tation group than in the shorter
implant group

8. In short implants, marginal bone
loss was significantly affected by
1-stage compared with 2-stage.

This knowledge of surgical and
patient factors that may affect marginal
bone loss can aid the clinician in making
informed choices and assessing risk in
selecting implant treatment options that
do not increase marginal bone loss
around implants. This knowledge will
improve the longevity and long-term
success of their implant-supported cases.
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