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Embracing change

in prosthodontics following dental school, after 
which he became board certified in oral implantol
ogy, received his Master of Dental Science, and then 
completed a residency programme and became 
board certified in oral and maxillofacial surgery. 
Dr Misch currently maintains a private practice in 
Sarasota, Florida, specialising in oral and maxillo
facial surgery and prosthodontics, with an emphasis 
on reconstructive surgery and dental implants.

We are so pleased to have Dr Misch, with his 
vast and wellrounded experience in implant den
tistry, and his accomplished associate editors and 
reviewers, join us to continue to promote excel
lence in dental implantology through this journal. 
We anticipate more positive changes as the journal 
continues to grow under their leadership.

Greetings from Berlin,

Christian Haase
Managing Director
Quintessence Publishing 
Group

Readers of this issue of the journal are sure to 
notice that further changes are afoot. Earlier this 
year, we introduced a new journal cover and 
name change – from EJOI (European Journal of 
Oral Implantology) to IJOI (International Journal 
of Oral Implantology) – to better reflect the range 
of the journal’s readership. To complement those 
earlier transformations, we are now excited to 
introduce the journal’s new editorinchief and edi
torial board. This team is now in place and working 
to carry on the excellent inroads this journal has 
made under the leadership of former Editorin
Chief Marco Esposito and his team.

I wish to take this opportunity to thank Dr Esposito 
for setting the groundwork for this fine journal in 
his 11 years at the helm. Through publication of 
articles based on reliable scientific evidence, he has 
been instrumental in maintaining the journal’s high 
impact over the years, which concomitantly raised 
its awareness among the dental community. We 
bid adieu to Dr Esposito and his editorial board, 
with thanks for their service and best wishes in their 
future endeavours.

Dr Craig Misch, our new editorinchief, needs 
no introduction to those in the dental implant field. 
Briefly, Dr Misch completed a residency programme 
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 sYsTEMATIC REVIEW

KEY WORDs  
dental implants, randomised controlled trial, short implants, systematic review, vertical augmen-
tation review

ABsTRACT
Purpose: To compare the clinical outcome of fixed prostheses supported by 4 to 8mmlong 
implants with prostheses supported by longer implants placed in vertically augmented atrophic 
mandibles after a followup of 5 years in function.
Materials and methods: The Cochrane Central Register of Controlled Trials (CENTRAL) and 
MEDLINE were searched up to 1st September 2018 for randomised controlled trials (RCTs) with 
a followup of at least 5 years in function comparing fixed prostheses supported by 4 to 8mm
long implants with prostheses supported by longer implants placed in vertically augmented 
atrophic mandibles. Outcome measures were prosthesis failure, implant failures, augmentation 
procedure failures, complications, and periimplant marginal bone level changes. Screening of 
eligible studies, assessment of the risk of bias and data extraction were conducted in duplicate 
and independently by two review authors. The statistical unit of the analysis was the prosthesis. 
Results were expressed as randomeffects models using mean differences for continuous out
comes and risk ratios (RR) for dichotomous outcomes with 95% confidence intervals (CIs).
Results: Four eligible RCTs that included originally 135 patients were included. Two RCTs had 
a parallelgroup design and two a splitmouth design. Short implants were 5.0 to 6.6 mm long 
and were compared with longer implants placed in posterior mandibles augmented with inter
positional blocks of bone substitutes. All trials were judged at unclear risk of bias. Twelve (14%) 
bone augmentation procedures failed to achieve the planned bone height to allow placement of 
implants with the planned length. Five years after loading, 28 patients (21%) had dropped out 
from the four RCTs. There were no differences for patients having prosthesis (RR = 1.46; 95% CI: 
0.52 to 4.09; P = 0.47; I2 = 0%) or implant (RR = 1.00; 95% CI: 0.31 to 3.21; P = 1.00; I2 = 0%) 
failures between the two interventions, but there were more patients experiencing complications 
(RR = 4.72; 95% CI: 2.43 to 9.17; P < 0.00001; I2 = 0%) and periimplant marginal bone loss 
(mean difference = 0.60 mm; 95% CI: 0.36 to 0.83; P < 0.00001; I2 = 45%) at longer implants 
in augmented bone.
Conclusions: Five years after loading, prosthetic and implant failures were similar between the 
two interventions, but complications and periimplant marginal bone loss were higher and more 
severe at longer implants placed in vertically augmented mandibles. Larger trials and longer 
followups up to 10 years after loading are needed to confirm or reject the present preliminary 
findings. However in the meantime short implants could be the preferable option.

Marco Esposito, Jacopo Buti, Carlo Barausse, Roberta Gasparro, Gilberto Sammartino, Pietro Felice

short implants versus longer implants in vertically 
augmented atrophic mandibles: A systematic review 
of randomised controlled trials with a 5-year   
post-loading follow-up
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Introduction

Often in atrophic jaws it is not possible to place 
dental implants of ‘adequate’ length because there 
is less than 8 mm of residual vertical bone height. 
Clinicians are faced with the dilemma whether to 
augment the bone or to place short implants hav
ing an intrabony length of 8 mm or less1. In pre
viously published studies, 7mmlong or shorter 
implants have been associated with decreased 
success rates when compared to longer implants2. 
However, this comparison is inappropriate because 
when adequate amounts of bone are available 
dental practitioners tend to place longer implants. 
In absence of adequate bone height the outcome 
of short implants should be compared with those 
of longer implants placed in augmented bone. 
Various techniques are currently used to augment 
the bone, although only a few of these techniques 
have been evaluated in randomised controlled tri
als (RCTs)36. Augmentation procedures are more 
technically demanding, therefore require skilful 
operators, can be associated with significant post
operative morbidity and complications, can be 
more expensive and may require longer times (up 
to 1 year) before patients are able to chew on their 
implantsupported prostheses36. Short implants 
could be a simpler, cheaper and faster alternative 
if they could provide similar clinical outcomes to 
longer implants placed in augmented bone. There 
are some comparative studies comparing short 
implants with longer implants in augmented bone 
in a reliable way, suggesting that 4.0 to 8.5mm
long implants can be a good alternative to augmen
tation procedures715; however, longer followups 
are needed to validate the longterm outcomes of 
these procedures, since very little is known about 
the longterm prognosis of prostheses supported 
by short implants.

A few systematic reviews3,4,1619 evaluating the 
efficacy of short implants in comparison to longer 

implants placed in augmented bone, have been 
published over the years but so far the followups 
of the included trials was too short to draw reliable 
conclusions. It was therefore decided to compile 
this rigorous systematic review of RCTs focus
sing on the outcomes of mandibular prostheses 
supported by short implants (4 to 8 mm long) in 
comparison with similar prostheses supported by 
longer implants in vertically augmented mandibles 
with followups of 5 years in function. Longer fol
lowups are desirable but not yet available. It was 
decided to focus on the rehabilitation of atrophic 
mandibles only, since their rehabilitation is clini
cally more challenging than those of the maxilla, 
especially in terms of vertical bone augmentations 
to allow the placement of longer implants. It may 
be that, especially in atrophic mandibles, short 
implants could be an interesting treatment option.

The aim of this systematic review was to 
evaluate RCTs comparing the outcomes of pros
theses supported by mandibular short implants (4 
to 8 mm long) with similar prostheses supported by 
longer implants in purposely vertically augmented 
mandibles. This review was compiled following the 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and MetaAnalyses) guidelines (http://
www.prismastatement.org/) for improving the 
reporting of systematic reviews and metaanalyses.

Materials and methods

Criteria for considering studies for this 
review

All RCTs with a followup of 5 years after load
ing of osseointegrated dental implants comparing 
fixed mandibular prostheses supported by short 
implants (4 to 8 mm long) with longer implants 
placed in vertically augmented bone according to 
any bone type augmentation procedure (onlay, 

http://www.prisma-statement.org
http://www.prisma-statement.org
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inlay or guided bone regeneration) in patients 
with atrophic mandibles. Only the 5yearsafter
loading time point was considered in the present 
review. Longer followups were not considered 
since they are not yet available.

Outcomes measures were as follows.
• Graft failure: when the vertical bone augmen

tation procedure failed to obtain sufficient bone 
to place long implants of the planned length. 
This outcome measure can be applied only at 
longer implants in augmented bone.

• Prosthesis failure: planned prosthesis which 
could not be placed because of graft or implant 
failure(s), loss of the prosthesis secondary to 
implant failure(s) and replacement of a defini
tive prosthesis for any reason.

• Implant failure: implant mobility and removal 
of stable implants dictated by progressive mar
ginal bone loss or infection (biological failures). 
Biological failures were grouped as early (failure 
to establish osseointegration) and late failures 
(failure to maintain the established osseointe
gration). Implant mobility could be assessed 
manually or with instruments such as Periotest 
(Medizintechnik Gulden, Modautal, Germany) 
or resonance frequency (Osstell, Integration 
Diagnostics, Gothenburg, Sweden). Mech
anical complications (e.g. implant fracture or 
deformation of the implant–abutment con
nection) rendering the implant unusable also 
counted as implant failures.

• Any complications at the implant or donor site 
(e.g. infection, nerve injury, haemorrhage, pros
thesis loosening or fractures, periimplantitis).

• Periimplant marginal bone level changes over 
time evaluated on periapical radiographs taken 
with the paralleling technique, having as base
line implant placement.

search strategy for identification of studies

For the identification of studies included or con
sidered for this review the Cochrane Central 
Register of Controlled Trials (CENTRAL) and 
MEDLINE (1950 to 1st September 2018) were 
searched using the search strategy as presented 
in Table 1.

Table 1  Search strategies used to identify eligible trials for this systematic review

MEDLInE (OVID) search strategy The Cochrane Central Register of 
Controlled Trials (CEnTRAL) search 
strategy

1. exp Dental Implants/

2. exp Dental Implantation/ or dental 
implantation

3. exp Dental Prosthesis, Implant
Supported/

4. ((osseointegrated adj implant$) and 
(dental or oral))

5. dental implant$

6. (implant$ adj5 dent$)

7. (((overdenture$ or crown$ or 
bridge$ or prosthesis or restor
ation$) adj5 (Dental or oral)) and 
implant$)

8. “implant supported dental prosthe
sis”

9. (“blade implant$” and (dental or 
oral))

10. ((endosseous adj5 implant$) and 
(dental or oral))

11. ((dental or oral) adj5 implant$)

12. OR/111 

The above subject search was linked to 
the Cochrane Highly Sensitive Search 
Strategy (CHSSS) for identifying ran
domised trials in MEDLINE: sensitivity 
maximising version (2008 revision) as 
referenced in Chapter 6.4.11.1 and 
detailed in box 6.4.c of the Cochrane 
Handbook for Systematic Reviews of 
Interventions, Version 5.1.0(20).

1. randomized controlled trial.pt.

2. controlled clinical trial.pt.

3. randomized.ab.

4. placebo.ab.

5. drug therapy.fs.

6. randomly.ab.

7. trial.ab.

8. groups.ab.

9. or/18

10. exp animals/ not humans.sh.

11. 9 not 10

1. DENTAL IMPLANTS explode all 
trees (MeSH)

2. DENTAL IMPLANTATION explode 
all trees (MeSH)

3. DENTAL PROSTHESIS IMPLANT
SUPPORTED single term (MeSH)

4. ((osseointegrat* near implant*) and 
(dental* or oral*))

5. (dental next implant*)

6. (implant* near dent*)

7. dentalimplant*

8. ((overdenture* near dental*) and 
implant*)

9. ((overdenture* near oral*) and 
 implant*)

10. ((crown* near dental*) and 
 implant*)

11. ((crown* near oral*) and implant*)

12. ((bridge* near dental*) and 
 implant*)

13. ((bridge* near oral*) and implant*)

14. ((prosthesis near dental*) and 
 implant*)

15. ((prosthesis near oral*) and 
 implant*)

16. ((prostheses near dental*) and 
 implant*)

17. ((prostheses near oral*) and 
 implant*)

18. ((restoration* near dental*) and 
implant*)

19. ((restoration* near oral*) and 
 implant*)

20. (implant next supported next dental 
next prosthesis)

21. (blade next implant*)

22. ((endosseous near implant*) and 
dental)

23. ((endosseous near implant*) and 
oral*)

24. ((dental* near implant*) or (oral* 
near implant*))

25. (1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 
or 9 or 10 or 11 or 12 or 13 or 14 
or 15 or 16 or 17 or 18 or 19 or 20 
or 21 or 22 or 23 or 24)
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There were no language restrictions. All the 
authors of the identified RCTs were contacted, the 
bibliographies of all identified RCTs and relevant 
review articles were checked, and personal con
tacts were used in an attempt to identify unpub
lished or ongoing RCTs. 

study selection and data extraction

The titles and abstracts (when available) of all 
reports identified through the electronic searches 
were scanned independently by two review authors 
(CB, RG). For studies appearing to meet the inclu
sion criteria, or for which there were insufficient 
data in the title and abstract to make a clear deci
sion, the full report was obtained. The full reports 
obtained from all the electronic and other methods 
of searching were assessed independently by two 
review authors (CB, RG) to establish whether the 
studies met the inclusion criteria or not. Disagree
ments were resolved by discussion. Where resolu
tion was not possible, a third review author (ME) was 
consulted. All studies meeting the inclusion criteria 
then underwent risk of bias assessment and data 
extraction. Studies rejected at this or subsequent 
stages were to be recorded in the table of excluded 
studies, and reasons for exclusion recorded.

Data were extracted by two review authors 
(ME, JB) independently using specially designed 
data extraction forms. The data extraction forms 
were piloted on several papers and modified as 
required before use. Disagreements were resolved 
by discussion. All authors were to be contacted 
for clarification or missing information. Data were 
excluded until further clarification was available 
if agreement could not be reached. For each trial 
the following data were recorded: year of publica
tion, country of origin and source of study funding; 
details of the participants including demographic 
characteristics; details on the type of interven
tion; details of the outcomes reported, including 
method of assessment and time intervals.

Risk of bias assessment

This was conducted using the recommended 
approach for assessing risk of bias in studies included 

in Cochrane reviews20. It is a twopart tool, address
ing the six specific domains (namely sequence gen
eration, allocation concealment, blinding, incom
plete outcome data, selective outcome reporting 
and ‘other issues’). Each domain includes one 
specific entry in a ‘risk of bias’ table. Within each 
entry, the first part of the tool involves describing 
what was reported to have happened in the study. 
The second part of the tool involves assigning a 
judgement relating to the risk of bias for that entry. 
This is achieved by answering a prespecified ques
tion about the adequacy of the study in relation to 
the entry, such that a judgement of ‘Yes’ indicates 
low risk of bias, ‘No’ indicates high risk of bias and 
‘Unclear’ indicates unclear or unknown risk of bias.

The risk of bias assessment of the included  trials 
was undertaken independently and in duplicate by 
two review authors (JB, RG) as part of the data 
extraction process. In the case that the paper to 
be assessed had one or more review authors in the 
author list, it was independently evaluated only 
by those review authors not involved in the trials. 
After taking into account possible additional infor
mation provided by the authors of the trials, studies 
were grouped into the following categories. It was 
assumed that the risk of bias was the same for all 
outcomes and each study was assessed as follows:
• (A) Low risk of bias (plausible bias unlikely to 

seriously alter the results) if all criteria were met.
• (B) Unclear risk of bias (plausible bias that raises 

some doubt about the results) if one or more 
key domains were at unclear risk of bias.

• (C) High risk of bias (plausible bias that ser
iously weakens confidence in the results) if one 
or more criteria were not met20.

Data synthesis

For binary outcomes the estimate of effect of an 
intervention was expressed as relative risks together 
with 95% confidence intervals (CIs), whereas for 
continuous outcomes mean differences (MD) and 
standard deviations (SDs) were used to summarise 
the data for each group and were expressed as MD 
and 95% CIs. The statistical unit was the patient 
or the patient’s side in splitmouth studies only 
and not the implant(s). Metaanalyses were done 
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only if there were studies with similar comparisons 
reporting the same outcome measures. Risk ratios 
(RRs) were combined for dichotomous data, using 
randomeffect models provided there were more 
than three studies in the metaanalysis. If there 
were up to three studies, fixedeffect models were 
to be used. Data from splitmouth studies were 
combined with data from parallelgroup trials with 
the method outlined by Elbourne et al21, using the 
generic inverse variance method in RevMan (The 
Cochrane Collaboration). 

The Cochrane Handbook20 recommendations 
were to be followed for studies with zerocell 
counts. The fixed value of 0.5 was added to all cells 
with zerocell counts and RRs calculated with the 
RevMan software. If there were no events in both 
arms, no calculations were undertaken because in 
this situation the study does not provide any indi
cation of the direction or magnitude of the relative 
treatment effect.

The significance of any discrepancies in the esti
mates of the treatment effects from the different 
trials was assessed by means of Cochran’s test for 
heterogeneity and the I2 statistic, which describes 
the percentage total variation across studies that is 
due to heterogeneity rather than chance. 

Results

Characteristics of the trial setting and 
investigators

Of the five potentially eligible trials2226, four trials 
were included22,2426 and one trial23 was excluded 
because the short implants used were 8 to 11 mm 
long (the majority were actually 11 mm long) and 
they cannot be considered short implants. All the 
included RCTs were published in multiple publica
tions at 4 months2730, 1 year3134, 3 years8,13,15,35 
and 5 years22,2426 after loading.

Two trials had a parallelgroup study design22,26 
and two a splitmouth design24,25. Three trials2426 
included also an equal number of patients treated 
in the maxilla (maxillae were not considered in 
this review) while one trial included only patients 
treated in mandibles22. All trials were conducted by 

the same group in Italy in several private practices 
and university dental clinics. All trials were partially 
supported by three different implant manufactur
ers and one biomaterial producer.

Characteristics of outcome measures

Outcome measures were identical for all trials and 
were measured at the same timepoints: 4 months 
(implant stability) and 1, 3 and 5 years after load
ing (implant stability and periimplant marginal 
bone levels). The outcome measures were:
• augmentation failures: presented by all trials
• prosthesis failures: presented by all trials
• implant failures: presented by all trials
• complications: presented by all trials
• periimplant marginal bone level changes: pre

sented by all trials.

Characteristics at baseline

The main inclusion criteria were:
• patients partially edentulous in posterior man

dibles
• 7 to 8 mm of residual crestal height and at least 

5.5mm thickness above the mandibular canal 
measured with computed tomography (CT) 
scans22

• 5 to 7 mm of residual crestal height and at least 
8mm thickness above the mandibular canal 
bilaterally measured with CT scans24

• 6 to 8 mm of residual crestal height and at least 
5mm thickness above the mandibular canal 
bilaterally measured with CT scans25

• 5 to 7 mm of residual crestal height and at least 
5mm thickness above the mandibular canal 
measured with CT scans26.

The main exclusion criteria were identical for all 
trials:
• medically compromised patients (metabolic 

diseases, uncontrolled diabetes, immune defi
cient or under immunesuppressive therapy, 
irradiated, treated with intravenous bisphos
phonates, etc.)

• untreated periodontal disease, poor oral 
hygiene and motivation
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• substance abusers, psychiatric problems or 
unrealistic expectations

• acute infection at the site to be treated
• lack of opposite occluding dentition in the area 

to be included in the trial.

Comparability of control and treatment 
groups at entry

There were no apparent major baseline differences 
for all trials; however, implants with a larger diam
eter (6 mm) were used in the shortimplant group 
in one trial24 versus a diameter of 4 mm for the 
longer implants in the augmented group.

Characteristics of the interventions

Antibiotic prophylaxis

• One g of amoxicillin + clavulanic acid (or eryth
romycin 500 mg if allergic to penicillin) starting 
the night before augmentation, twice a day, for 
7 days22. One hour prior to implant placement 
2 g of amoxicillin (or erythromycin 500 mg) 
were administered22.

• Two g of amoxicillin (or clindamycin 600 mg if 
allergic to penicillin) 1 hour prior to augmenta
tion and implant placement and 1 g of amoxi
cillin (or 300 mg clindamycin) was prescribed 
to be taken twice a day for 7 days only after 
augmentation procedures2426.

Characteristics of the materials used for the 
vertical bone augmentation procedure

In all cases blocks of bone substitutes were used 
as interpositional grafts, residual voids were filled 
with a granular bone substitute, the vertically lifted 
bone plates were stabilised using osteosynthesis 
plates, and finally were covered with resorbable 
membranes.

In two trials22,24, anorganic bovine blocks (Bio
Oss, Geistlich Pharma, Wolhusen, Switzerland) 
plus granulated bone originated from the blocks 
were used and left to heal before implant place
ment for 5 months. Titanium miniplates and mini
screws (Gebrüder Martin, Tuttlingen, Germany) 
were used to stabilise the graft. The grafted areas 

were covered with resorbable collagen barrier (Bio
Gide, Geistlich Pharma).

In one trial25, collagenated cancellous equine 
bone (SpBlock, OsteoBiol, Tecnoss, Coazze, Italy) 
plus a mix of cancellous and cortical porcine
derived collagenated bone having a granulometry 
of 250 to 1000 µm (GenOs, OsteoBiol) were 
used and left to heal before implant placement 
for 5 months. Titanium miniplates and miniscrews 
(Gebrüder) were used to stabilise the graft, and 
grafted areas were covered with collagen resorb
able membranes (Evolution, Fine 30 × 30 mm, 
OsteoBiol) derived from equine pericardium.

In one trial26, collagenated cancellous bovine 
bone (SpBlock, OsteoBiol) plus a sticky paste 
made of 600 to 1000 µm prehydrated colla
genated corticocancellous bone granules of por
cine origin (mp3, OsteoBiol) were used and left 
to heal before implant placement for 4 months. 
Titanium miniplates and miniscrews (Gebrüder) 
were used to stabilise the graft, and grafted areas 
were covered with collagen resorbable membranes 
(Evolution, Fine 30 × 30 mm, OsteoBiol) derived 
from equine pericardium.

Characteristics of the implants

In one trial22, one to three 6.6mmlong versus 
9.6, 11.1 and 12.6mmlong parallelwalled 
implants, all having a diameter of 4 mm (Nanotite, 
External Hex, Biomet 3i, Palm Beach, FL, USA), 
made of titanium alloy (Ti6Al4V) with an external 
hexagon connection and a surface dual etched and 
partially covered (about 50% of the surface) with 
nanoscale calcium phosphate crystals, called DCD 
(discrete crystalline deposition), were used. 

In one trial24, one to three 5mmlong Rescue 
(MegaGen Implant, Gyeongbuk, South Korea) 
implants with a diameter of 6 mm and internal con
nection, made of commercially pure titanium with a 
surface airborneparticle abraded with hydroxyapa
tite particles and cleaned with acid versus 10, 11.5 
and 13mmlong EZ Plus (MegaGen) implants, all 
with a diameter of 4 mm, internal connection and 
identical materials and surface characteristics.

In one trial25, one to three 6mmlong versus 
10, 11.5 and 13mmlong implants, all having a 
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diameter of 4 mm (Southern Implants, Irene, South 
Africa), made of commercially pure titanium with 
an external hexagon connection and a roughened 
airborneparticleabraded surface, were used.

In one trial26, one to three 5mmlong ver
sus 10, 11.5 and 13mmlong implants ExFeel 
(MegaGen), all having a diameter of 5 mm, with 
an external hexagon connection and a novel 
nanostructured calciumincorporated titanium 
surface (Xpeed) airborneparticle abraded with 
hydroxyapatite particles and cleaned with acid.

Type and frequency of maintenance

In all trials, patients were enrolled in a maintenance 
programme at the respective treatment centres 
with recalls every 4 months22,2426.

Duration of the studies (after implant 
loading)

All trials had a 5year duration after implant place
ment; however, for one of the trials22, the 8year 
data were in press36 but were not used in the pre
sent review. 

sample size

A sample size calculation was performed in three 
trials22,24,25 and was not performed in one trial26.

For one trial22, the sample size was calcu
lated for implant failure: a twogroup continuity
corrected chisquare test with a 0.050 twosided 

significance level had 80% power to detect the 
difference between a proportion of 0.100 and a 
proportion of 0.300 for patients experiencing at 
least one implant failure (odds ratio of 3.857) when 
the sample size in each group was 72. However, 
only 30 patients were recruited in each group, since 
that was the number of patients the sponsor was 
willing to sponsor in terms of free implants.

For two trials24,25, the sample size was calcu
lated for patient preference, to detect a prefer
ence of one group over another against the alter
native hypothesis that the treatments are equally 
preferred. This reduced to a simple one sample 
proportion scenario. A onegroup chisquare test 
with a 0.050 twosided significance level had 
80% power to detect the difference between 
the null hypothesis proportion of 0.500 and the 
alternative proportion of 0.900 when the sample 
size is 10. The sample was increased by onethird 
since it was hypothesised that patient preference 
would not be so definite in this trial. Fifteen par
tially edentulous patients with similar bilateral 
posterior mandible atrophy were included. 

Risk of bias assessment

The final risk of bias assessment is summarised in 
Figs 1 and 2 and in Table 2. It was not necessary to 
ask for unclear or missing information to the trial 
authors since all the information was reported in the 
publications. Each trial was assessed as low, unclear 
or high risk of bias. All trials were judged to be at 
an unclear risk of bias. The reason for this is that it 

Fig 1  Risk of 
bias graph: review 
authors’ judgements 
about each meth
odological quality 
item presented as 
percentages across 
all included studies.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of outcome assessement (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Low risk of bias Unclear risk of bias High risk of bias

0% 25% 50% 75% 100%
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was not possible to blind the outcome assessor for 
complications and periimplant marginal bone loss.

Description of the studies

In total, 135 patients who were supposed to 
receive 170 prostheses (85 prostheses per group) 
were enrolled in four trials.

One study22 of parallelgroup design recruited 
30 patients per group. Five years after loading 
three patients dropped out from the shortimplant 
group and five from the augmented group. In 
two augmented mandibles the planned 10mm
long implants could not be placed. Five prostheses 
failed in four patients of the 6.6mm shortimplant 
group versus five prostheses in five patients in the 
augmented group. Five short implants failed in 
three patients versus three long implants in three 
patients. There were 25 complications in 21 aug
mented patients versus six complications in six 
patients of the shortimplant group.

One study24 of splitmouth design recruited 
15 patients. Five years after loading, five patients 
dropped out. In five augmented mandibles the 
planned 10mmlong implants could not be placed. 
One prosthesis failed in the 5mm shortimplant 
group versus none in the longimplant group. One 
long implant failed versus two short implants in 
one patient. Six patients had 11 complications at 
short implants and 10 patients had 12 complica
tions at long implants.

One trial25 of splitmouth design recruited 
20 patients. Five years after loading, five patients 
dropped out. In three augmented mandibles 
the planned 10mmlong implants could not be 
placed. One prosthesis failed on short implants 

Fig 2  Risk of bias 
summary: review 
authors’ judgements 
about each method
ological quality item 
for each included 
study.

Table 2  Summary of risk of bias assessment 

study Characteristic Authors’ 
judgement

support for judgement

Felice et al22 Random 
sequence 
generation

Low risk “A computer generated restricted randomisation list was created. Only one of the investigators 
(Marco Esposito), not involved in the selection and treatment of the patients, was aware of the 
random sequence and could have access to the random list stored in his password protected portable 
 computer.”

Allocation 
concealment

Low risk “The random codes were enclosed in sequentially numbered, identical, opaque, sealed envelopes. 
Envelopes were opened sequentially after eligible patients signed the informed consent form to be 
enrolled in the trial. Therefore, treatment allocation was concealed to the investigators in charge of 
enrolling and treating the patients.”

Blinding of 
outcome 
assessment

Unclear risk “...outcome assessors were blind. However the BioOss augmented sites could be identified on 
radiographs because they appeared more radioopaque and implants were longer.”

Incomplete 
outcome data

Low risk “At the 5year postloading endpoint, 8 patients dropped out, 5 from augmented and 3 from the 
short implant group”. Missing outcome data balanced in numbers across intervention groups, with 
similar reasons for missing data across groups.

Selective 
reporting

Low risk All of the study’s prespecified (primary and secondary) outcomes that are of interest in the review 
have been reported in the prespecified way.

Other bias Low risk The study appears to be free of other sources of bias.
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study Characteristic Authors’ 
judgement

support for judgement

Felice et al24 Random 
sequence 
generation

Low risk “A computergenerated restricted randomisation list was created. Only one of the investigators 
(Dr Marco Esposito), not involved in the selection and treatment of the patients, was aware of the 
randomisation sequence and could have access to the randomisation list stored in his password 
protected portable computer.”

Allocation 
concealment

Low risk “The information on how to treat site number 1 was enclosed in sequentially numbered, identical, 
opaque, sealed envelopes. Envelopes were opened sequentially the same day of the augmentation 
procedure and the surgeon treated in that occasion only the site allocated to the augmentation pro
cedure. Therefore, treatment allocation was concealed to the investigators in charge of enrolling and 
treating the patients.”

Blinding of 
outcome 
assessment

Unclear risk “Two clinicians … not involved in the treatment of the patients performed all clinical and radiograph
ic assessments without knowledge of group allocation; however, augmented sites could be easily 
identified both clinically when testing implant stability because of the different implant diameters and 
on radiographs because they appeared more radiopaque and the implants were different.”

Incomplete 
outcome data

Low risk Reasons for missing outcome data unlikely to be related to true outcome.

Selective 
reporting

Low risk All of the study’s prespecified (primary and secondary) outcomes that are of interest in the review 
have been reported in the prespecified way.

Other bias Low risk The study appears to be free of other sources of bias.

Felice et al25 Random 
sequence 
generation

Low risk “A computergenerated restricted random list was created. Only one of the investigators (Dr Marco 
Esposito), not involved in the selection and treatment of the patients, was aware of the random sequence 
and could have access to the random list stored in his passwordprotected portable computer.”

Allocation 
concealment

Low risk “The information on how to treat site number 1 was enclosed in sequentially numbered, identi
cal, opaque, sealed envelopes. Envelopes were opened sequentially before giving anaesthesia and 
surgeons were to treat both sites in the same surgical session, starting from the intervention allocated 
to site number 1. Therefore, treatment allocation was concealed to the investigators in charge of 
enrolling and treating the patients.”

Blinding of 
outcome 
assessment

Unclear risk “Six dentists … not involved in the treatment of the patients performed all clinical measurements 
without knowing group allocation; however, mandibular augmented sites could be easily identified 
because of the different anatomy of the two sides after the augmentation procedure. One dental 
practitioner … not involved in the treatment of the patients performed all radiographic assessments 
without knowing group allocation; however, augmented sites could be easily identified on radio
graphs due to the different implant lengths”

Incomplete 
outcome data

Low risk Reasons for missing outcome data unlikely to be related to true outcome.

Selective 
reporting

Low risk All of the study’s prespecified (primary and secondary) outcomes that are of interest in the review 
have been reported in the prespecified way.

Other bias Low risk The study appears to be free of other sources of bias.

Esposito et 
al26

Random 
sequence 
generation

Low risk “A computer generated restricted random list was created. Only one of the investigators (Marco 
Esposito), not involved in the selection and treatment of the patients, was aware of the random sequence 
and could have access to the random list stored in his passwordprotected portable computer.”

Allocation 
concealment

Low risk “The information on how to treat each patient was enclosed in sequentially numbered, identi
cal, opaque, sealed envelopes. Envelopes were opened sequentially after the patients signed 
the informed consent accepting to participate into the trial. Therefore, treatment allocation was 
 concealed to the investigators in charge of enrolling and treating the patients.”

Blinding of 
outcome 
assessment

Unclear risk “Three clinicians … not involved in the treatment of the patients performed all clinical measurements 
without knowing group allocation; however, mandibular augmented sites could be easily identified 
because the different anatomy of the two sides after the augmentation procedure. One clinician … 
not involved in the treatment of the patients, performed all radiographic assessments without know
ing group allocation; however, augmented sites could be easily identified on radiographs due to the 
different implant lengths.”

Incomplete 
outcome data

Low risk “Sixteen patients droppedout before the 5year evaluation (four short mandibles … six augmented 
mandibles …).”

Selective 
reporting

Low risk All of the study’s prespecified (primary and secondary) outcomes that are of interest in the review 
have been reported in the prespecified way.

Other bias Low risk The study appears to be free of other sources of bias.
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versus three prostheses that could not be placed on 
long implants. One patient lost two short implants 
versus one patient who lost three long implants in 
the augmented mandible. Twelve complications 
occurred in nine patients at augmented sites versus 
three complications in three patients with 6mm
long implants.

One trial26 of parallelgroup design recruited 
20 patients per group. Five years after loading, 
four patients dropped out from the shortimplant 
group and six from the augmented group. In two 
augmented mandibles the planned 10mmlong 
implants could not be placed due to graft failures. 
Two prostheses could not be delivered in the aug
mented group because of multiple complications 
versus one patient of the 5mm shortimplant 
group who lost his crown. One short implant failed 
versus two long implants in one patient. There 
were 18 complications in 17 augmented patients 
versus 10 complications in nine patients of the 
shortimplant group.

In total, 12 (14%) bone augmentation pro
cedures failed to achieve the planned bone 
height to allow placement of implants with the 
planned length, so new grafting procedures were 

implemented or short implants were inserted in 
those patients still willing to rehabilitate the area 
with an implantsupported fixed prosthesis.

The metaanalysis of the four trials for prosthe
sis (Fig 3) and implant failures (Fig 4) did not show 
any statistically significant differences between 
prostheses rehabilitated by short implants or longer 
implants in vertically augmented mandibles for 
prosthesis failure (relative risk [RR] = 1.46; 95% 
CI: 0.52 to 4.09; P = 0.47; Χ2 = 1.35, degrees of 
freedom [df] = 3 [P = 0.72]; I2 = 0%) and implant 
failure (RR = 1; 95% CI: 0.31 to 3.21; P = 1.00; 
Χ2 = 0, df = 3 [P = 1.00]; I2 = 0%).

The metaanalysis of the four trials for com
plications (Fig 5) and marginal periimplant 
bone loss (Fig 6) showed statistically signifi
cantly less complications (RR = 4.72; 95% 
CI: 2.43 to 9.17; P < 0.00001; Χ2 = 3.02, df = 3 
[P = 0.39]; I2 = 0%) and bone loss (mean dif
ference = 0.60 mm; 95% CI: 0.36 to 0.83; 
P < 0.00001; Χ2 = 5.47, df = 3 [P = 0.14]; 
I2 = 45%) at short implants.

A list of the complications reported by study 
group from all trials is presented in Table 3.

Fig 3  Meta
analysis comparing 
prosthesis failures 
for short implants 
versus longer 
implants in vertically 
augmented mandi
bles after 5 years in 
function.

Fig 4  Meta
analysis comparing 
implant failures 
for short implants 
versus longer 
implants in vertically 
augmented mandi
bles after 5 years in 
function.

study or subgroup log[RR] sE Weight RR IV, random, 
95% CI

RR IV, random, 95% CI

Felice et al22 0.2624 0.727 52.3% 1.30 [0.31, 5.40]
Felice et al24 −1.1653 1.6734 9.9% 0.31 [0.01, 8.29]
Felice et al25 1.0986 1.1548 20.7% 2.11 [0.18, 28.85]
Esposito et al26 0.7472 1.2681 17.2% 2.11 [0.18, 25.35]

Total (95% CI) 100.0% 1.46 [0.52, 4.09]

Heterogeneity: Tau2 = 0.00, Χ2 = 1.35, df = 3 (P = 0.72); I2 = 0%
Test for overall effect: Z = 0.72 (P = 0.47) short implants Long implants

0.01 0.1 1 10 100

study or subgroup log[RR] sE Weight RR IV, random, 
95% CI

RR IV, random, 95% CI

Felice et al22 0 0.8607 47.8% 1.00 [0.19, 5.40]

Felice et al24 0 1.4146 17.7% 1.00 [0.06, 16.00]

Felice et al25 0 1.4146 17.7% 1.00 [0.06, 16.00]

Esposito et al26 0 1.451 16.8% 1.00 [0.06, 17.18]

Total (95% CI) 100.0% 1.00 [0.31, 3.21]

Heterogeneity: Tau2 = 0.00, Χ2 = 0.00, df = 3 (P = 1.00); I2 = 0%
Test for overall effect: Z = 0.00 (P = 1.00)

short implants Long implants

0.01 0.1 1 10 100
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Fig 5  Metaanaly
sis comparing com
plications at short 
implants versus 
longer implants in 
vertically augment
ed mandibles after 
5 years in function.

Fig 6  Metaanaly
sis comparing mar
ginal perimplant 
bone loss in mm 
at short implants 
versus longer 
implants in vertically 
augmented mandi
bles after 5 years in 
function.

Table 3  List of complications by study group (some patients had multiple complications or complications at both sides) 
 

study short implants Long implants in augmented bone

Felice et al22 2 transient postimplantation lip/chin paraesthesiae 3 blocks fragmented into many pieces at placement

2 loosening of the abutment screws 16 transient paraesthesiae of the mental nerve

1 fracture of the ceramic lining of the prosthesis 4 soft tissue dehiscence 10 to 30 days after augmentation

1 fracture of the prosthesis 1 fracture of the ceramic lining of the prosthesis

1 abutment screw loosening

Felice et al24 3 transient postimplantation lip/chin paraesthesiae 12 transient paraesthesiae of the mental nerve

1 mucositis

3 abscesses/periimplantitis

3 abutment loosening

1 discementation of the prosthesis

Felice et al25 1 loosening of the abutment screw 3 graft infections

1 discementation of the prosthesis 7 transient paraesthesiae of the mental nerve

1 periimplantitis 1 mucositis

2 periimplantitis

Esposito et al26 8 transient mandibular nerve paraesthesia 3 graft infections

1 chipping of the ceramic lining of the prosthesis 14 transient mental nerve paraesthesia

1 periimplant mucositis

Totals 30 67

Repeated and clearly correlated complications were counted only once.

study or 
 subgroup

Mean 
 difference 

sE Weight Mean difference IV, 
random, 95% CI

Mean difference IV, random, 95% CI

Felice et al22 0.85 0.17 25.9% 0.85 [0.52, 1.18]
Felice et al24 0.37 0.1531 28.9% 0.37 [0.07, 0.67]
Felice et al25 0.77 0.2296 18.0% 0.77 [0.32, 1.22]
Esposito et al26 0.48 0.1624 27.2% 0.48 [0.16, 0.80]

Total (95% CI) 100.0% 0.60 [0.36, 0.83]

Heterogeneity: Tau2 = 0.03, Χ2 = 5.47, df = 3 (P = 0.14); I2 = 45%
Test for overall effect: Z = 5.04 (P < 0.00001)

study or subgroup log[RR] sE Weight RR IV, random, 
95% CI

RR IV, random, 95% CI

Felice et al22 2.2336 0.6059 31.1% 9.33 [2.85, 30.60]
Felice et al24 0.8473 0.69 24.0% 2.33 [0.60, 9.02]
Felice et al25 1.0986 0.6667 25.7% 3.00 [0.81, 11.08]
Esposito et al26 1.9353 0.7708 19.3% 6.93 [1.53, 31.38]

Total (95% CI) 100.0% 4.72 [2.43, 9.17]

Heterogeneity: Tau2 = 0.00, Χ2 = 3.02, df = 3 (P = 0.39); I2 = 1%
Test for overall effect: Z = 4.58 (P < 0.00001) short implants Long implants

0.01 0.1 1 10 100

short implants Long implants
2 1 0 1 2
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Discussion

Only four RCTs22,2426 comparing fixed prostheses 
supported by short implants 5 to 6.6 mm long with 
prostheses supported by longer implants placed in 
vertically augmented atrophic mandibles with a 
followup of 5 years in function could be included 
in this review. It was easy to metaanalyse these 
trials since they were all conducted by the same 
group using similar inclusion criteria, clinical pro
cedures, and outcomes measures, though differ
ent implant brands and biomaterials were used. 
Nevertheless, the metaanalyses on prosthesis and 
implant failures could be still underpowered, there
fore only limited indications can be gained from 
them.

The metaanalyses of the four RCTs found no 
statistically significant differences for both prosthe
sis and implant failures; however, it should also be 
considered that 12 (14%) vertical bone augmenta
tion procedures failed to achieve the planned bone 
height to allow placement of implants with the 
planned length, so in these cases when prosthesis 
rehabilitations could be made, they were usually 
supported by short implants.

The number and severity of complications 
were clearly in favour of short implants. It is quite 
intuitive that moreinvasive procedures are asso
ciated with more complications and postoperative 
morbidity; however, there are now the data to 
suggest that the risk of complications is at least 
duplicated with interpositional graft of bone sub
stitutes.

Periimplant marginal bone loss was 0.6 mm 
higher at longer implants in vertically augmented 
bone. This statistically significant difference was 
originally present in all trials. Although it can be 
debated whether this difference could have a clin
ical impact, it is a useful conclusion that longer 
implants were more affected by periimplant 
marginal bone loss than short implants, since the 
longterm concern of short implants is that a pro
gressive marginal bone loss could shorten their 
lifespan.

All included trials were designed and con
ducted by the same group of operators, using 
similar procedures and outcome measures but 

different implant systems. While it would be pref
erable to have similar trials conducted by different 
research groups, it is easier to conduct a systematic 
review when trials are homogeneous. In the pre
sent review external authors were also involved 
to evaluate the risk of bias of the included trials in 
order to minimise bias.

With respect to generalisation of the results of 
the present review to general practice, the opera
tors performing vertical bone augmentations in 
the included trials were highly experienced so 
it might be hypothesised that less experienced 
practitioners may not achieve similar success 
rates. Caution is therefore recommended when 
deciding to perform vertical bone augmentation 
procedures in mandibles to allow placement of 
longer implants. At the present time, it might be 
sensible to suggest placement of short implants as 
the preferred option for the treatment of atrophic 
mandibles. Bone augmentation procedures could 
be used as a second option in the case of failures 
of short implants. Longer followups, however, 
remain essential for understanding the 10year 
outcomes of both procedures in order to help 
clinicians to suggest the best therapeutic option 
to their patients.

Conclusions

In the presence of 5 to 8 mm of vertical residual 
bone above the mandibular canal, 5 years after 
loading, prosthetic and implant failures were simi
lar between the short implants and vertical bone 
augmentations with interpositional blocks of bone 
substitutes to place implants at least 10 mm long, 
but complications and periimplant marginal bone 
loss were higher and more severe at longer implants 
placed in vertically augmented mandibles. Larger 
trials and longer followups up to 10 years after 
loading are needed to confirm or reject the present 
preliminary findings. However, in the meantime 
short implants could be the preferable option. More 
specifically, trials evaluating different vertical bone 
augmentation procedures of mandibles rather than 
interpositional grafts of bone substitutes should be 
evaluated against short implants.
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ABsTRACT
Purpose: To assess the failure rate of dental implants and prosthetic restoration, complications 
and marginal bone loss (MBL) of implants restored with an immediate definitive abutment at the 
time of the implant placement, and implants that were evaluated according to a standard pros
thetic protocol (SPP), which includes multiple abutment changes.
Materials and methods: This systematic review followed the guidelines of the PRISMA statement 
(Preferred Reporting Items for Systematic Reviews and MetaAnalyses). An electronic search with 
no date or language restriction was run in January 2018 in the PubMed/MEDLINE, Cochrane 
Central Register of Controlled Trials, Web of Science, and complemented with a manual search. 
Randomised clinical trials with at least a 12month followup evaluating the use of a definitive 
abutment and a SPP were included. The Cochrane Collaboration Risk of Bias tool was used to 
evaluate the included studies. The outcome measures were: implant and prosthetic failure; aes
thetics; complications; and periimplant MBL. The results were pooled using a randomeffect 
model with mean differences (MDs) for continuous outcomes and risk ratio for dichotomous 
outcomes with a 95% confidence interval (CI).
Results: The search identified a total of 714 studies. After the screening process five studies 
were included in the analysis. The five studies included had a limited sample size, a short fol
lowup period, and four studies were considered at high risk of bias. The metaanalysis revealed 
that five studies using an immediate definitive abutment over a 12 to 18month followup 
resulted in lower MBL, with a MD of –0.32 mm (95% CI –0.45 to –0.19: P < 0.0000). At the 
end of a 3year followup two studies showed a MD of –0.33 mm (95% CI –0.63 to –0.03: 
P = 0.03, which also favours the definitive abutment group. Regarding implant failure rate, com
plications, and probing depth, no significant difference was found between the groups.
Conclusions: Within the limitations of this metaanalysis, reducing the number of abutment 
changes contributes to statistically significant lower MBL. However, the clinical significance of 
this reduction in bone loss should be interpreted with caution. A high implant success rate was 
reported by all studies for both control and test groups.
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Introduction

The crestal bone resorption that twopiece 
implants undergo after the connection of the 
abutment and delivery of prosthesis is well docu
mented in the literature15. The marginal bone 
level around implants can be affected by different 
biological and mechanical aspects, such as implant 
diameter6, timing of implant placement and the 
implantabutment junction position in relation to 
the bone crest7.

Another factor that can influence marginal 
bone loss (MBL) around implants is the repeated 
exchange of abutments. The harmful potential of 
repeated changes of abutment has been investi
gated in preclinical studies810. These studies indi
cated that this procedure damages the mucosal 
barrier around implants, resulting in a more apically 
positioned zone of connective tissue and marginal 
bone resorption. On the other hand, two animal 
studies that limited the number of abutment shifts 
to only two11, or used a platform switch system12 
reported conflicting results with no differences in 
regard to hard tissue alterations.

The standard prosthetic protocol (SPP) for 
the fabrication of a final implantsupported pros
thesis comprises multiple changes of abutments. 
However, to avoid the potential harm caused by 
repeated abutment exchanges, the ‘one abut
ment  –  one time’ concept was developed. This 
protocol recommends the use of a definitive abut
ment at the time of implant placement that is not 
removed throughout the course of the prosthetic 
treatment. Recent randomised clinical trials (RCTs) 
assessing the effects of the two abovementioned 
prosthetic protocols reported a statistically signifi
cant reduction in bone loss for implants restored 
with a definitive abutment1320. Nevertheless, 
the clinical relevance of this reduced crestal bone 
resorption remains controversial.

Further systematic reviews are required to 
evaluate the existing scientific evidence and provide 
dental clinicians with evidencebased guidelines for 
clinical decisionmaking. Thus, the purpose of this 
systematic review was to assess the clinical outcomes 
of implants restored with: 1) a definitive abutment at 
the time of implant placement; or 2) a SPP.

Materials and methods

The review methodology was conducted accord
ing to the PRISMA statement21 (Preferred Report
ing Items for Systematic Reviews and MetaAnal
yses). The PICO framework22 was used to create 
a clinical question and guide the search strategy 
(Table 1). The review was registered in the inter
national prospective register of systematic reviews 
(PROSPERO – CRD42016049800).

Formulating the review question

The PICO strategy was used to formulate the fol
lowing question: “do dental implants restored with 
a definitive abutment or a SPP present differences 
in the clinical outcome?”

Inclusion/exclusion criteria

Eligible studies comprised RCTs with at least a 
12month followup after the intervention, which 
included the use of an immediate definitive abut
ment at the implant placement, and an implant 
placement using a SPP.

Outcome measures

• primary outcomes: implant and prosthetic fail
ure, and complications;

• secondary outcomes: periimplant marginal 
bone level changes measured by the use of 
periapical radiographs; probing depth, meas
ured by differences observed in probing depths; 
and aesthetic evaluation.

search methodology

An electronic search, with no language or date 
restriction, was conducted in MEDLINE/PubMed, 
Web of Science, the Cochrane Central Register 
of Controlled Trials, and the System for Informa
tion on Grey Literature in Europe (OpenGrey), in 
January 2018. In addition, a hand search was also 
performed in dental and implantrelated journals, 
including the following: Clinical Implant Den
tistry and Related Research, Clinical Oral Implants 
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Research, International Journal of Oral & Max
illofacial Implants, International Journal of Oral 
and Maxillofacial Surgery, International Journal of 
Prosthodontics, Journal of Dental Research, Jour
nal of Oral Rehabilitation, Journal of Prosthodon
tics, European Journal of Oral Implantology, and 
Journal of Prosthetic Dentistry (Table 2).

screening process and data extraction

Two reviewers (J.G.B and E.P.B) independently 
screened the titles and abstracts, and read the 
papers carefully and assessed them according to 
the eligibility criteria for data extraction. Differ
ences between the reviewers were resolved by a 
third author (D.L).

Data were extracted from the studies by two 
authors (J.G.B and E.P.B) independently. The fol
lowing information was extracted from the included 
studies: study design, number of participants, type 
of occlusion at initial loading, mean age and sex of 
participants, followup period, type of connection 
system, quantity and characteristics of implants 
(length, diameter, manufacturer and surface), im
plant survival, primary stability, implants placed in 
fresh sockets, number of smokers, use of platform 
switch, and number of dropouts. Data regarding 
each study is presented in Table 3.

Quality assessment

To assess the quality of the selected RCTs, the 
Cochrane Collaboration Risk of Bias tool for assess
ing risk of bias23 in RCTs was used by two review
ers (J.G.B and E.P.B) independently. The following 
parameters were included: random sequence gen
eration, allocation concealment method, blinding 
of outcome assessment, incomplete data outcome, 
selective outcome reporting, and other potential 
sources of bias. The risk of bias was categorised as 
follows: 1) low risk of bias if the study met all cri
teria; 2) unclear risk of bias if one or more criteria 
were at an unclear risk of bias; and 3) high risk of 
bias if one or more criteria were not met.

Data synthesis

Quantitative data analysis was conducted using 
the Review Manager statistical software (version 
5.3, The Nordic Cochrane Center, The Cochrane 
Collaboration, Copenhagen, Denmark, 2014). The 
estimate of relative effect for the dichotomous 
outcome (implant failure and complications) was 
expressed as a risk ratio with confidence intervals 
(CIs) of 95%. The continuous outcome measures 
(marginal bone level, probing depth and aesthet
ics) were expressed as mean difference (MD) and 
standard deviations with 95% CIs. The I2 statistical 

Table 1  Systematic search strategy (PICO strategy)

Population #1 “dental implant” [MeSH Terms] OR 
“immediate dental implant loading” 
[MeSH Terms] OR “dental implant” 
[text word]

Intervention #2 “definitive abutment” [All Fields]

Comparison #3 “provisional abutment” [All Fields] OR 
“healing abutment” [All Fields] 

Outcome #4 “Alveolar bone loss”[MeSH Terms] OR 
“marginal bone loss”[All Fields] AND 
(Randomised Controlled Trial[ptyp] 
AND “humans”[MeSH Terms])

search combi-
nation

#1 AND #2 AND #3 AND #4

Language No restriction

Electronic data-
base

MEDLINE/PubMed, Web of Science, 
and Cochrane Central Register of 
Controlled Trials

Table 2  Search strategy

Databases strategy used to search the 
 literature

PubMed (((((dental implants [MeSH Terms]) 
OR immediate dental implant 
loading[MeSH Terms]) AND de
finitive abutment) AND provi
sional abutment) AND alveolar bone 
loss[MeSH Terms]) OR marginal 
bone loss

Web of Science (dental implant) and (definitive abut
ment) OR (provisional abutment) 
AND (marginal bone loss)

Cochrane Central 
of Controlled Trials

(dental implant) and (definitive abut
ment) OR (provisional abutment) 
AND (marginal bone loss)

OpenGrey (dental implant) and (definitive abut
ment) OR (provisional abutment) 
AND (marginal bone loss)
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Table 3  Main characteristics of included studies

Reference Follow-up 
period 
(months)

Patients, 
n (sex 
distribu-
tion), per 
group

Mean 
age, per 
group

Region Implants 
placed/
failed, n

Drop-
outs, 
n

Implants 
brand/
surface

Implant size 
(diameter x 
length, mm)

Plat-
form 
switch

Insertion 
torque 
required for 
inclusion, 
n cm

Occlusal 
contact

Fresh 
extrac-
tion 
socket

Canullo et 
al13

36 E: 15 
(6F/9M)

E: 51 Maxillary 
premolar

25/0 0 Global 
implants/
rough

5.5 x 13 Yes 32 to 45 Non 
occlusal

Yes

C: 10 
(3F/7M)

C: 55

Grandi et 
al14

12 E: 14 
(9F/5M)

E: 53.2 Maxillary 
or man
dibular

56/0 0 JDEvolu
tion/ 
rough

3.7, 4.3, 
5 x 10, 11.5, 
13

Yes ≥ 45 Non 
occlusal

No

C: 14 
(8F/6M)

C: 50.3

Grandi et 
al17

12 E: 12 
(7F/5M)

E: 56 Maxillary 
or man
dibular

25/0 0 JDEvolu
tion/ 
rough

3.7, 
4.3 x 11.5, 13

Yes ≥ 45 Non 
occlusal

Yes

C: 13 
(9F/4M)

C: 57.08

Bressan et 
al19

36 E: 40 
(23F/17M)

E: 57.6 Partially 
edentu
lous max
illa and 
mandible

73/1 E: 6 Ankylos, 
Dentsply/ 
rough

3.5, 4.5, 
5.5 x 8, 9.5, 
11, 14

Yes ≥ 35 Non 
occlusal

Yes

C: 40 
(24F/16M)

C: 55.6 C: 1

Molina et 
al20

12 E: 18 
(7F/11M)

E: 52.6 Posterior 
maxillary 
or man
dibular

60/1 E: 2 Camlog, 
Conelog 
screw
line/ 
rough

3.8, 4.3 x 9, 
11, 13

Yes NR Non 
occlusal

No

C: 21 
(10F/11M)

C: 51.6 C: 2

C, control; E, experimental; NR, not reported; SD, standard deviation.

test was used to assess heterogeneity between 
studies, with I2 values above 75% correspond
ing to high heterogeneity. When a high hetero
geneity was found (P < 0.10) the randomeffects 
model was used; when a low heterogeneity was 
found the fixedeffect model was used. Statistical 
significance was accepted at P < 0.05. Data from 
the parallel and splitmouth studies were com
bined using the option of generic inverse variance 
method available in the Review Manager software.

Unit of analysis issue

The statistical unit was the patient and not the 
implant.

Results

study selection

The electronic database search yielded 480 results 
in MEDLINE/PubMed, 179 in Web of Science, and 
55 in the Cochrane Central Register of Controlled 
trials. After duplicates were removed, 667 articles 
remained. After reading the title and abstracts, 
658 studies were excluded with nine articles to be 
read in full. Among the nine articles, three15,18,24 
were excluded because they did not fit the eligibil
ity criteria (Table 4). In addition, one study16 was 
excluded since it failed to specify the number of 
dropouts per group, which did not allow determi
nation of the number of patients at 1 year follow
up (Table 4). The authors of that study16 were 
contacted but did not reply. The selection process 
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is shown in detail in Figure 1 and the individual 
characteristics of the five RCTs included in the 
present qualitative analysis are shown in Table 3.

study characteristics

Characteristics of trial settings and 
investigators

Among the five trials included in the present 
review, four13,14,17,19 were conducted in private 
practices and one20 in a postgraduate university 
clinic. Four trials13,14,17,19 were performed in Italy, 
and one20 in Spain. All trials had a parallelgroup 
design13,14,17,19,20. Two studies were partially 
funded by the implant manufacturer19,20.

Characteristics of participants

A total of 211 volunteers participated in the tri
als. A total of 289 implants were placed and the 
followup period ranged from 12 to 36 months.

Table 4  Excluded studies 

Reason for exclusion Reference

Less than 12month followup Koutouzis et al15

Case series Degidi et al24

Abutment changes were made in both 
control and test groups

Nader et al18

Missing data Degidi et al16

Type of 
implant-
abutment 
connec-
tion

Type of 
immediate 
provisional 
restoration

Control 
group 
abutments 
disconnec-
tions, n

Marginal bone 
Loss, mm 
(mean ± sD)

Probing 
depth, mm

smokers Author conclusions

Double 
internal 
connec
tion

Cemented NR E:  
0.34 ± 0.07

E: 
2.75 ± 0.07

NR Despite the statistically significant difference in periimplant 
marginal bone loss of 0.2 mm observed 3 years after implant 
placement favouring the ‘one timeone abutment’ concept no 
clinically visible differences could be observed in postextrac
tion immediately restored platformswitched implants. More 
randomised clinical trials are needed to properly investigate this 
matter.

C:  
0.55 ± 0.09

C: 
2.80 ± 0.21

Conical 
connec
tion with 
internal 
hexagon

Cemented 4 times E: 
0.094 ± 0.025

NR E:4 It can be suggested that the nonremoval of abutments placed 
at the time of surgery results in a statistically significant reduction 
of the crestal bone resorption around the immediately restored 
implants in cases of partial edentulism, however, a difference of 
0.3 mm may not have a clinical impact.

C: 
0.435 ± 0.025

C: 5

Conical 
connec
tion with 
internal 
hexagon

E: 
 cemented

At least 
3 times

E: 
0.108 ± 0.0631

NR E: 5 The nonremoval of abutments placed at the time of surgery 
resulted in 0.5 mm less periimplant marginal bone resorption 
around immediately restored postextractive single implants.C: screwed C: 

0.583 ± 0.111
C: 4

Internal 
connec
tion

NR 3 times E:  
0.11 ± 0.2

NR E: 8 The 3year postloading data showed that repeated abutment 
disconnections significantly increased bone loss (0.43 mm), but 
this difference cannot be considered clinically relevant, therefore, 
clinicians can use the procedure they find more convenient for 
their specific patient.

C:  
0.61 ± 1.0

C: 12

Morse 
taper

NR 2 times E:  
0.59 ± 0.322

E: 
3.18 ± 0.54

E: 8 The connection and disconnection of healing abutments is associ
ated with significantly increased bone loss during the healing 
period between implant placement and 6 months postloading, 
when compared to onetime abutment placement.

C: 
1.210 ± 0.816

E: 
3.06 ± 0.75

C: 9
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Characteristics at baseline

The main inclusion criteria in the trials were as 
follows:
• at least 18 years of age13,14,17,19,20;
• presence of at least 4 mm of bone beyond the 

root apex13;
• intact alveolar bone walls13;
• maximum score for plaque index = 214,17;
• adequate bone quality and availability20;
• presence of opposing dentition13,14,17,19,20.

The main exclusion criteria in the trials were as 
follows:
• systemic disease that could compromise osseo

integration14,19,20;
• treatment or medication that could compro

mise bone metabolism14,17,20;
• smoking more than 10 cigarettes per day13,14,20 

or 20 cigarettes per day17;
• pregnancy or lactation13,14,19;
• alcoholism or drug abuse17,19,20;
• bruxism14,20.

Characteristics of the intervention

All studies13,14,17,19,20 investigated the use of a 
definitive abutment and a SPP as test and control 
group, respectively. All studies13,14,17,19,20 used 
platform switch and rough surface implants. In addi
tion: three studies placed implants in fresh extrac
tion sockets13,17,19; three studies placed implants in 
edentulous healed sites14,19,20; four studies reported 
the use of a flapless approach13,14,17,19; and one 
study did not specify the type of flap design20.

Regarding the primary implant stability, four 
studies specified the required insertion torque for 
the implant13,14,17,19. The lowest requirement 
was ≥ 25 Ncm. One study used direct hand testing 
to assess implant stability20.

Four studies used a provisional restor
ation13,14,17,19. One study used a healing abut
ment as control group and a definitive abutment 
with a titanium protection cap as test group20. All 
studies reported a temporary nonocclusal load
ing of the implants13,14,17,19,20. Two studies used 
a cementretained provisional restoration13,14, 
and one study used a combination of the cement
retained option as test group and screwretained 
as control group17.

sample size

Only three studies reported a priori sample size 
calculation13,19,20.

Risk of bias

The final risk of bias assessment of the studies 
included in the present review is summarised in 
Table 5, and the individual support for judgement 
for every topic and risk of bias summary is pre
sented in Figure 2.

Other potential source of bias

A protocol violation regarding the allocation con
cealment procedure was detected in the study by 
Bressan at al19. The results of the risk of bias assess
ment are described in Figure 2. None of the studies 
met all the criteria24; four studies were considered 

Fig 1  Flow chart of screening and selection process (PRISMA format).

5 studies were included in 
the qualitative analysis

9 full text articles were 
assessed for eligibility

667 records were screened

667 records after duplicates were removed

714 records were identified 
via a database search

0 additional records were 
 identified via other sources

4 full text articles were 
excluded*

658 records were 
excluded

5 studies were included in 
the quantitative synthesis 

(metaanalysis) *Please see Table 4
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Table 5  Risk of bias assessment 

Bias Bressan et al19 Canullo et al13 Grandi et al14 Grandi et al17 Molina et al20

Random sequence gen
eration (selection bias)

Low risk Low risk Low risk Low risk Low risk

Support for judgement Six computergenerated restricted 
random lists were created. 

The randomisation 
list was provided 
by a statistician 
unaware of the 
study protocol 
using a random 
number generator 
utility. 

Participants were 
randomly assigned 
following simple 
randomisation 
procedures (com
puterised random 
numbers) to one 
of two treatment 
groups.

The randomisation 
list was provided 
using computer
generated random 
numbers.

The randomisa
tion sequence was 
created using a 
computergenerat
ed list using Excel 
2010 (Microsoft, 
Redmond, WA, 
USA) with a 1:1 
allocation using 
random block 
sizes 4.

Allocation concealment 
(selection bias) 

Low risk High risk High risk High risk Low risk

Support for judgement Only one investigator (Esposito M), 
who was not involved in the selection 
and treatment of the patients, knew 
the random sequence. The random 
codes were enclosed in sequentially 
numbered, identical, opaque, sealed 
envelopes. Only after the implants 
were placed, the envelope corre
sponding to the patient recruitment 
number was opened and the clinician 
was informed whether to place a de
finitive or a healing abutment. 

The surgeon 
was informed 
of the allocation 
of each patient 
shortly before 
tooth extraction, 
by unsealing a 
closed envelope; 
therefore, the 
allocation was not 
concealed.

The surgeons 
who inserted the 
implants were 
informed by the 
study coordinator 
about the allocation 
before the implant 
placement by email 
or phone.

The surgeon was 
informed of the 
allocation of each 
patient shortly 
before tooth extrac
tion by unsealing 
a closed opaque 
envelope; therefore, 
the allocation was 
not concealed. 

The allocation 
concealment was 
kept by means 
of opaquesealed 
envelopes that 
were opened 
by one of the 
researchers (Sanz
Sánchez I) during 
surgery immedi
ately after implant 
insertion.

Blinding of outcome 
assessment (detection 
bias)

Low risk Low risk High risk Low risk Low risk

Support for judgement At each centre there was a local 
blind outcome assessor who 
recorded implant stability, recessions, 
height of the keratinised mucosa 
and patient satisfaction. 

All radiographic 
measurements 
were made and 
collected by the 
same trained 
blinded examiner. 
All measurements 
were made by an 
independent cali
brated examiner.

Measurements were 
carried out by an 
expert operator in 
the three private 
dental offices 
involved in the 
trial, which was not 
blinded to group 
allocation.

All measurements 
were taken by an 
independent blinded 
assessor.

One blinded and 
calibrated exam
iner recorded all 
the outcomes.

Incomplete outcome 
data (attrition bias)

Low risk Low risk Low risk Low risk Unclear risk

Support for judgement Seven patients dropped out 3 years 
after the start of the followup. 
From the six patients in the defini
tive abutment group: one patient 
moved to a different town 4 months 
after the start of the followup; one 
patient died of a heart attack just 
before the first year of the follow
up; one patient did not return for 
followup due to a severe stroke 
after 1 year; and one patient refused 
to return for followup due to 
malaria infection. One patient in 
the repeated disconnection group 
attended the followup for the last 
time 2 years after the start of the 
period due to distance. 

No drop outs. No dropouts. No dropouts. The number of 
dropouts was 
given but the 
reasons were not 
provided.
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Bias Bressan et al19 Canullo et al13 Grandi et al14 Grandi et al17 Molina et al20

Selective reporting 
(reporting bias)

Low risk Low risk Low risk Low risk Low risk

Support for judgement All planned outcomes apparently 
reported

All planned out
comes apparently 
reported

All planned out
comes apparently 
reported

All planned out
comes apparently 
reported

All planned out
comes apparently 
reported

Other bias High risk Low risk Low risk Low risk Low risk
Support for judgement A protocol violation, noted by the 

study monitor at Luongo G’ depart
ment, comprised the opening of ran
dom codes before implant insertion 
in two patients, thus invalidating the 
allocation concealment procedure. It 
is not possible to quantify for how 
many other patients this protocol 
deviation occurred. 

None apparent None apparent None apparent None apparent

Table 5  (cont.) Risk of bias assessment 

CI: 0.02, 9.05) (Fig 3). In one trial, an implant loss 
from the definitive abutment group occurred due 
to a premature failure 1 week postsurgery20, and 
in another trial an implant belonging to the SPP 
group failed after almost 3 years in function19. 
The authors reported that the same implant was 
previously affected by prosthesis debonding and 
periimplantitis before fracturing19.

Prosthetic failure

One study reported that seven crowns in the SPP 
group and one crown in the definitive abutment 
group had to be remade. However, the authors 
mentioned that the use of nonindexed abutments 
in the indexed implants was the cause for the poor 
fitting of six of the crowns that had to be remade in 
the SPP group19. The same study also reported that 
one crown in the definitive abutment group had 
to be remade because it fractured 6 months after 
delivery19. The metaanalysis showed no statistical 
difference between the groups at 12 to 18 months 
(P = 0.10; RR: 0.18, 95% CI: 0.02, 1.39) and at 
36 months (P = 0.55; RR:  0.38, 95%CI: 0.02, 
9.05) (Fig 4).

Complications

Two patients from the definitive abutment group 
and one patient in the SPP group with single 
crown restorations in the study by Molina et al20 

Fig 2   Quality 
assessment of 
included studies.
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Bressan et al19 + + + + + –

Canullo et al13 + – + + + +

Grandi et al14 + – – + + +

Grandi et al17 + – + + + +

Molina et al20 + + + ? + +

to have a high risk of bias13,14,17,19; and one study 
was at an unclear risk of bias20.

Implant failure

All studies presented a high survival rate, with only 
two implant failures reported19,20, with no signifi
cant statistical difference between the groups at 12 
to 18 months (P = 0.43; RR: 3.53 , 95% CI: 0.15, 
81.11) and at 36 months (P = 0.55; RR: 0.38, 95% 
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Fig 3a-b   For
est plot for event 
‘implant failure’ at 
different followup 
periods: (a) 12 to 
18 months; (b) at 
36 months. DA, 
definitive abutment; 
SPP, standard pros
thetic protocol.

study or sub-
group (follow-up 
 duration, months)

DA sPP Risk ratio Risk ratio
M-H, Fixed, 95% CIEvents Total Events Total Weight M-H, Fixed,  

95% CI

Bressan et al19 (12) 0 38 0 40 Not estimable
Canullo et al13 (18) 0 15 0 10 Not estimable
Grandi et al14 (12) 0 14 0 14 Not estimable
Grandi et al17 (12) 0 12 0 13 Not estimable
Molina et al20 (12) 1 16 0 19 100% 3.53 [0.15, 81.11]

Total (95% CI) 95 96 100% 3.53 [0.15, 81.11]

Total events 1 0
Heterogeneity: Not applicable
Test for overall effect: Z = 0.79 (P = 0.43) 0.002 0.1 1 10 500

 Favours (DA)  Favours (SPP)
a

study or subgroup DA sPP Risk ratio Risk ratio
M-H, Fixed, 95% CIEvents Total Events Total Weight M-H, Fixed,  

95% CI

Bressan et al19 0 34 1 39 100% 0.38 [0.02, 9.05]
Canullo et al13 0 15 0 10 Not estimable

Total (95% CI) 49 49 100% 0.38 [0.02, 9.05]

Total events 0 1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.60 (P = 0.55)

0.005 0.1 1 10 200
 Favours (DA)  Favours (SPP)b

Fig 4a-b  Forest 
plot for ‘prosthetic 
failure’ at different 
followup periods:  
(a) 12 to 18 months; 
(b) 36 months.  
DA, definitive abut
ment; SPP, standard 
prosthetic protocol.

study or sub-
group (follow-up 
 duration, months)

DA sPP Risk ratio Risk ratio
M-H, Fixed, 95% CIEvents Total Events Total Weight M-H, Fixed,  

95% CI

Bressan et al19 (12) 1 38 6 40 100% 0.18 [0.02, 1.39]
Canullo et al13 (18) 0 15 0 10 Not estimable
Grandi et al14 (12) 0 14 0 14 Not estimable
Grandi et al17 (12) 0 12 0 13 Not estimable
Molina et al20 (12) 0 16 0 19 Not estimable

Total (95% CI) 95 96 100% 0.18 [0.02, 1.39]

Total events 1 6
Heterogeneity: Not applicable
Test for overall effect: Z = 1.65 (P = 0.10)

0.01 0.1 1 10 100
 Favours (DA)  Favours (SPP)

a

b

study or subgroup DA sPP Risk ratio Risk ratio
M-H, Fixed, 95% CIEvents Total Events Total Weight M-H, Fixed,  

95% CI

Bressan et al19 0 34 1 39 100% 0.38 [0.02, 9.05]
Canullo et al13 0 15 0 10 Not estimable

Total (95% CI) 49 49 100% 0.38 [0.02, 9.05]

Total events 0 1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.60 (P = 0.55)

0.01 0.1 1 10 100
 Favours (DA)  Favours (SPP)
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Fig 5a-b  Forest 
plot for ‘complica
tions’ at different 
followup periods: 
(a) 12 to 18 months 
after; 
(b) 36 months after. 
DA, definitive abut
ment; SPP, standard 
prosthetic protocol.

study or sub-
group (follow-up 
 duration, months)

DA sPP Risk ratio Risk ratio
M-H, Fixed, 95% CIEvents Total Events Total Weight M-H, Fixed,  

95% CI

Bressan et al19 (12) 6 38 6 40 67.7% 1.05 [0.37, 2.98]
Canullo et al13 (18) 0 15 0 10 Not estimable
Grandi et al14 (12) 0 14 0 14 Not estimable
Grandi et al17 (12) 5 12 1 13 11.1% 5.42 [0.73, 39.97]
Molina et al20 (12) 3 16 2 19 21.2% 1.78 [0.34, 9.38]

Total (95% CI) 95 96 100% 1.69 [0.78, 3.66]

Total events 14 0
Heterogeneity: Chi2 = 2.10; df = 2 (P = 0.35); I2 = 5%
Test for overall effect: Z = 1.33 (P = 0.18)

a

0.01 0.1 1 10 100
 Favours (DA)  Favours (SPP)

study or subgroup DA sPP Risk ratio Risk ratio
M-H, Fixed, 95% CIEvents Total Events Total Weight M-H, Fixed,  

95% CI

Bressan et al19 2 34 3 39 100% 0.76 [0.14, 4.31]
Canullo et al13 0 15 0 10 Not estimable

Total (95% CI) 49 49 100% 0.76 [0.14, 4.31]

Total events 2 3
Heterogeneity: Not applicable
Test for overall effect: Z = 0.30 (P = 0.76)

b
0.01 0.1 1 10 100
 Favours (DA)  Favours (SPP)

presented crown mobility due to screw loosening. 
Also, one patient from the SPP group in the study 
by Grandi et al17 presented abutment screw loos
ening. In the study by Bressan et al19 nine patients 
had complications: four patients in the SPP group 
had nine complications; and five patients in the de
finitive abutment group had eight complications. 
Complications in the SPP group included one al
veolar infection, and a palatal wound dehiscence in 
implant 23 (according to FDI notation); this same 
patient developed periimplantitis in implant 25 
at a later stage. This same implant (25) fractured 
at the 3year followup. A fistula was observed at 
the time of the definitive crown delivery, which 
disappeared after the definitive abutment was 
disconnected and cleaned. In this same patient 
the definitive abutment unscrewed and was 
rescrewed into place. The same crown debonded 
and was cemented again. Complications in the 
definitive abutment group described by Bressan 
et al19 included: three debondings of the provi
sional restorations in one patient; two debondings 
of a single crown in another patient; periimplant 

mucositis with local swelling in a patient with 
bleeding 9 months after the delivery of the de
finitive restoration; and two definitive prosthesis 
debonded in two other patients.

In the study by Grandi17, one patient from the 
definitive abutment group developed periimplant 
mucositis. Also, excess of cement in four patients of 
the definitive abutment group was observed and 
the procedure to remove the cement was described 
as difficult and time consuming17. A total of four 
trials reported the occurrence of complications, and 
there were no significant differences in the com
plication rate between the two groups at the 12 
to 18month followup (P = 0.18, RR: 1.69, 95% 
CI: 0.78 to 3.66). Furthermore, at the 3year follow
up the forest plot revealed no significant differences 
between the two groups (P = 0.76, RR: 0.76, 95% 
CI: 0.14 to 4.31) (Fig 5).

Marginal bone loss (MBL)

The five studies included in the present MBL meta
analysis used periapical radiographs to measure 
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the distance between the implant shoulder and the 
nearest implanttobone contact, and the baseline 
was at the time of implant placement13,14,17,19,20. 
The MBL metaanalysis between groups was con
ducted using a randomeffects model in accordance 
with the high heterogeneity observed (I2 = 92%, 
P < 0.00001). A MD of –0.32 mm (95% CI –0.45 
to –0.19 P < 0.00001) was calculated, with a stat
istically significant difference in favour of the de
finitive abutment group at 12 to 18 months. Also, 
at the 3year followup the metaanalysis of two 
trials showed a significant statistical difference in 
favour of the definitive abutment group (I2 = 73%, 
P = 0.03; MD: –0.33 mm, 95% CI: –0.63, –0.03) 
(Fig 6).

Aesthetic outcomes

Bressan et al19 used the pink aesthetic score 
(PES)25 to evaluate aesthetic outcomes; the dif
ference between groups was not statistically sig
nificant considering the average PES. However, 
when evaluating the single aesthetic domain, 

at the 3year followup, one domain showed a 
statistically significant difference; the soft tissue 
contour for the definitive abutment (DA) group 
scored better than the SPP group (DA = 1.88, 
SPP = 1.79; difference = 0.26, P = 0.015). Molina 
et al20 used digital photographs with the aid of 
a manual periodontal probe to assess soft tissue 
changes and the papilla index26 to assess the 
papilla fill. No significant differences were found 
between the groups (SPP: 0.706 ± 0.931 and DA: 
0.365 ± 1.027; P = 0.617).

Probing depth

Two studies13,20 monitored the probing depth 
around implants. The metaanalysis showed no 
statistical difference between the groups (MD of 
–0.01 95% CI: –0.22 to 0.20; P = 0.94) at 12 to 
18 months and at 36 months (Fig 7). The values 
collected for the probing depth in both groups 
were considered to be within parameters of peri
implant health27.

Fig 6a-b  Forest 
plot for ‘marginal 
bone loss’ at dif
ferent followup 
periods:  
(a) 12 to 
18 months;  
(b) 36 months. 
DA, definitive abut
ment; SPP, standard 
prosthetic protocol.

study or sub-
group (follow-up 
 duration, months)

DA sPP Mean difference Mean difference
IV, Random, 95% CIMean sD Total Mean sD Total Weight IV, Random,  

95% CI

Bressan et al19 (12) 0.09 0.2 38 0.33 0.53 40 17.8% 0.24 [0.42, 0.06]
Canullo et al13 (18) 0.33 0.08 15 0.43 0.12 10 23.8% 0.10 [0.18, 0.02]
Grandi et al14 (12) 0.094 0.025 14 0.435 0.025 14 26.3% 0.34 [0.36, 0.32]
Grandi et al17 (12) 0.108 0.063 12 0.583 0.111 13 24.6% 0.47 [0.55, 0.40]
Molina et al20 (12) 0.59 0.322 16 1.21 0.816 19 7.5% 0.62 [1.02, 0.22]

Total (95% CI) 95 96 100% -0.32 [-0.45, -0.19]

Total events
Heterogeneity: Tau2 = 0.02; Chi2 = 48.23; df = 4 (P < 0.00001); I2 = 92%
Test for overall effect: Z = 4.84 (P < 0.00001)

a

1 0.5 0 0.5 1
 Favours (DA) Favours (SPP)

study or subgroup DA sPP Mean difference Mean difference
IV, Random, 95% CIMean sD Total Mean sD Total Weight IV, Random,  

95% CI

Bressan et al19 0.11 0.2 34 0.64 1 39 37.5% 0.53 [0.85, 0.21]
Canullo et al13 0.34 0.07 15 0.55 0.09 10 62.5% 0.21 [0.28, 0.14]

Total (95% CI) 49 49 100% -0.33 [-0.63, -0.03]

Total events
Heterogeneity: Tau2 = 0.04; Chi2 = 3.66; df = 1 (P = 0.06); I2 = 73%
Test for overall effect: Z = 2.13 (P = 0.03)

1 0.5 0 0.5 1
 Favours (DA) Favours (SPP)

b
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Discussion

summary of the main results

The aim of this review was to assess the MBL 
around implants restored with the use of a defini
tive abutment at the time of implant placement 
and implants restored with the standard prosthetic 
protocol (SPP), which requires multiple changes of 
abutments. The outcome measures investigated 
included implant and prosthetic failure, complica
tions, marginal bone level changes, probing depth, 
and aesthetics. The results of the present review 
revealed no significant differences between the 
two interventions (definitive abutment versus SPP) 
regarding implant failure, prosthetic failures, com
plications and probing pocket depths. The implant 
success rate was high for both groups in all studies 
included without statistically significant difference 
between the groups.

There was a statistically significant difference 
of 0.3 mm after the 3year followup in two 
 trials, which favoured the definitive abutment 
group in regards to MBL changes; this suggests 
that the use of a definitive abutment could mini
mise MBL around implants. Regarding the aes
thetic outcome, there was not sufficient evidence 

Fig 7a-b  Forest 
plot for ‘probing 
depth’ at different 
followup periods:  
(a) 12 to 
18 months;  
(b) 36 months. DA, 
definitive abutment; 
SPP, standard pros
thetic protocol.

study or subgroup 
(follow-up  duration, 
months)

DA sPP Mean difference Mean difference
IV, Random, 95% CIMean sD Total Mean sD Total Weight IV, Random,  

95% CI

Canullo et al13 (18) 2.79 0.24 15 2.83 0.33 10 76.8% 0.04 [0.28, 0.20]
Molina et al20 (12) 3.18 0.54 16 2.08 0.76 19 23.2% 0.10 [0.33, 0.53]

Total (95% CI) 31 29 100% -0.01 [-0.22, -0.20]

Total events
Heterogeneity: Tau2 = 0.00; Chi2 = 0.31; df = 1 (P = 0.58); I2 = 0%
Test for overall effect: Z = 0.07 (P = 0.94)

a

1 0.5 0 0.5 1
 Favours (DA) Favours (SPP)

study or subgroup DA sPP Mean difference Mean difference
IV, Random, 95% CIMean sD Total Mean sD Total Weight IV, Random,  

95% CI

Canullo et al13 2.75 0.07 15 2.8 0.21 10 100% 0.05 [0.18, 0.08]

Total (95% CI) 15 10 100% -0.05 [-0.18, 0.08]

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.73 (P = 0.47)

b

0.2 0.1 0 0.1 0.2
 Favours (DA) Favours (SPP)

to determine whether there were advantages in 
using the ‘one abutment  –  one time’ approach. 
In the two studies19,20 that measured aesthetics 
no significant differences were found between the 
groups. The study by Bressan et al19 that used a 
more comprehensive method (PES), found a sig
nificant difference only when isolating a specific 
aesthetic domain, namely the soft tissue contour, 
which again favoured the definitive abutment 
group.

Overall completeness and applicability of 
evidence

All studies reported cases of implant and pros
thetic failure, complications and marginal bone 
level changes. Two studies reported aesthetic 
outcomes; however, the methods varied between 
studies, which made a statistical comparison diffi
cult19,20. Two studies evaluated probing depth and 
found no statistical significant difference (P = 0.64) 
between groups13,20. These measurements were in 
agreement with the values of healthy periimplant 
tissues described in the literature27.

The present review included five RCTs that 
evaluated the clinical outcomes of two differ
ent prosthetic protocols: the use of a definitive 
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abutment versus a SPP. The number of abutment 
exchanges performed by the studies varied from 
two to four times; yet all studies reported a stat
istically significant reduction in bone loss in the 
definitive abutment group.

Despite the positive effect of using a defini
tive abutment on the marginal bone, the clinical 
relevance of the observed bone remodelling dif
ference is still unclear. Furthermore, it should be 
noted that the use of a definitive abutment often 
results in a cementretained prosthesis. In these 
cases, when selecting a definitive abutment the 
bone and soft tissue remodelling should be taken 
into consideration to avoid deep cementation 
margins. One study14 reported excess of cement 
in four patients in the definitive abutment group. 
Therefore, meticulous cementation procedures are 
advised when using a definitive abutment since 
excess of cement is considered a risk factor for 
periimplantitis28.

Quality of evidence

The risk of bias was high in most studies13,14,17,19. 
The present systematic review has some limita
tions, such as the small number of studies included 
and significant heterogeneity observed between 
studies. Also, the number of abutment changes 
in the SPP group varied between studies, which 
could be considered a confounding factor. The pre
sent review provided insufficient evidence regard
ing aesthetic outcomes since only three studies 
reported results related to this outcome and used 
different methods in their measurements. The 
sample size was small in all studies and only three 
studies reported sample size calculation13,19,20. In 
addition, the followup periods were short, rang
ing from 12 to 36 months. Thus, the data from this 
metaanalysis of RCTs cannot be generalised.

Conclusions

The data presented by the studies included in this 
review suggest that repeated changes of abut
ment can cause an increase in periimplant MBL 
of about 0.3 mm. The complications reported in 

both groups were common with no high risk of 
complication associated with a specific group. All 
studies showed a high implant survival rate. The 
aesthetic evaluation did not show statistically sig
nificance difference between groups. The posi
tive effect of using a definitive abutment on the 
marginal bone should be interpreted with caution 
since the clinical relevance of the observed differ
ence is unclear.
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 RAnDOMIsED COnTROLLED CLInICAL TRIAL

KEY WORDs 
bone graft, buccal bone, cone beam computed tomography (CBCT), dental implant, poly-D-L-
lactide (PDLLA) foil

ABsTRACT
Purpose: To report the 5year outcomes of autogenous bone block grafts fixed at a distance 
(BBGD) versus a resorbable polyDLlactide foil fixed at a distance (SonicWeld Rx shell tech
nique [SWST]) randomised controlled trial, for lateral alveolar ridge augmentation.
Materials and methods: Thirty patients with a buccopalatal bone width of ≤ 3 mm were ran
domised into the following treatment groups: BBGD and SWST. The implant survival, changes 
in bone morphology visualised in a cone beam computed tomography scan and periodontal par
ameters were assessed.
Results: Thirteen patients in the BBGD group and seven in the SWST group could be included in 
the analysis. All implants that osseointegrated initially (BBGD = 13 and SWST = 7) were functional 
at the 5year reevaluation. The buccopalatal bone width significantly (P < 0.001) decreased over 
time regardless of the study group. A bone loss of 0.00 mm was observed at the distal implant 
shoulder in the BBGD group and 0.29 mm (SD 0.49 mm) in the SWST group (P = 0.04). The mean 
buccal bone loss was 2.56 mm (SD 3.65 mm) in the BBGD group and 1.71 mm (SD 4.11 mm) in 
the SWST group (P = 0.64). The mean probing pocket depth was within sound limits in both groups 
without significant differences (P > 0.05). Bleeding on probing was low.
Conclusions: Within the limitations of this study, a similar implant survival rate was observed 
between the BBGD and SWST techniques during the 5year followup. The buccopalatal bone 
width decreased over time regardless of the augmentation method used.

Conflict of interest statement: The study was not funded. The authors declare no conflicts of 
interest.

Michael Korsch, Sebastian Kasprzyk, Winfried Walther, Andreas Bartols

Lateral alveolar ridge augmentation with 
autogenous block grafts fixed at a distance vs 
resorbable poly-D-L-lactide foil fixed at a distance: 
5-year results of a single-blind, randomised 
controlled trial

Introduction

Dental implants are intended to replace missing 
teeth, painlessly, and restore function in the long 
term. In cases with insufficient bone volume of 
the alveolar ridge, augmentation procedures are 

necessary to reconstruct sufficient bone volume to 
enable implantation. Achieving complete osseoin
tegration of the implant depends on the stability of 
the grafted bone in the long run. Particularly, the 
buccal bone lamella is of utmost importance for 
the success of implants. According to the literature, 
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an implant failure may occur when there is bone 
loss on the buccal implant surface1,2.

The lateral augmentation of the alveolar ridge 
can be achieved using different techniques. In 
some of these techniques, a barrier is placed at a 
distance from the alveolar bone and the resulting 
space is filled with particulate bone and/or bone 
replacement material. The barrier can be either a 
thin bone block graft fixed at a distance (BBGD) to 
the alveolar crest by osteosynthesis screws, as pro
posed by Khoury and Khoury3, or a resorbable bar
rier made of polyDLlactide (PDLLA) fixed to the 
crest at a distance by resorbable bone pins, as pro
posed in the SonicWeld Rx shell technique (SWST) 
(KLS Martin Group, Tuttlingen, Germany)4,5. In 
the first technique the space between the alveolar 
ridge and the bone block is filled with autologous 
bone particles, whereas in the second technique, 
the space between the ridge and the barrier is filled 
with a mixture of autologous bone particles and 
bone substitute material. The second technique is 
considered to be advantageous, since it does not 
require the use of an extensive donor region for 
the bone block.

Some studies reporting bone block techniques 
using the mandibular ramus as donor region docu
ment the general and also the midterm success 
obtained with those techniques. Also, the studies 
show a high survival rate for the grafts and implants 
in the augmented alveolar ridge611. Nevertheless, 
only a few case reports describing the treatment pro
cedure for the SWST technique are available12,13. In 
addition, an animal study describes the bone gain 
achieved with the SWST technique5. Recently, our 
research group published a 1year randomised 
controlled trial (RCT) describing the BBGD versus 
the SWST outcomes, and found a surprisingly high 
rate of severe and nonsevere complications using 
the SWST technique14. To the best of our know
ledge, there are no clinical studies documenting the 
mid or longterm success of the SWST technique in 
humans, in the literature. In particular, information 
concerning whether the SWST technique is prone 
to additional longterm complications compared 
with the BBGD technique, is lacking.

The objective of this article was to report the 
5year results of the BBGD versus SWST RCT. 

For this purpose, we assessed the implant survival 
rate, the changes in bone morphology surrounding 
the implants at the grafted sites by using cone beam 
computed tomography (CBCT), and periodontal par
ameters, which included the measurements of prob
ing pocket depth (PPD) and bleeding on probing 
(BOP), 1 year and 5 years after the procedure.

Materials and methods

Trial design

This singlecentre, singleblinded, BBGD versus 
SWST RCT was conducted at the outpatient clinic 
of the Dental Academy for Continuing Profes
sional Development, Karlsruhe, Germany, from 
September 2011 to September 2012. A total of 
30 treatment cases were randomised 1:1 into the 
following treatment groups: BBGD (n = 15) and 
SWST (n = 15).

The trial was conducted in accordance with 
the Declaration of Helsinki and the Professional 
Code for Physicians of the local Medical Coun
cil. All participants were personally informed by 
the principal investigator about the purpose of 
the study and about the data protection issues. 
A signed informed consent was obtained before 
the participants were included into the study. The 
Institutional Review Board, of the Saarland Medi
cal Council reviewed and approved the study (ID: 
241/10). The trial was reported according to the 
CONSORT Statement15.

Participants

All patients who needed bone augmentation 
before placement of dental implants were con
secutively assessed for eligibility. The inclusion cri
teria were described in detail elsewhere14. Eligible 
patients met the following criteria:
• age from 18 to 74 years;
• completed body growth;
• a buccopalatal alveolar bone width of ≤ 3 mm 

in the anterior region of the maxilla (teeth 13 to 
23), measured and confirmed in a preoperative 
CBCT scan;
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• no medication, such as bisphosphonates and 
anticoagulants;

• no diabetes and no severe general conditions, 
such as tumours, severe coronary heart disease 
or reduced general health state.

All operations were performed by one oral surgeon. 
The patients were not blinded to the intervention.

Interventions

The patients were randomised into one of the two 
parallel arm intervention groups. In the first treat
ment group, the augmentation was conducted 
with the BBGD technique, and in the other treat
ment group, with the SWST technique.

surgical procedure

In brief, all procedures were conducted under 
perioperative antibiosis (administration of antibi
otics 1 day before and 2 days postoperatively), 
and under local anaesthesia with articaine with 
1:100,000 adrenaline (SOPIRA Citocartin, Heraeus 
Kulzer, Hanau, Germany). Ibuprofen (400 mg) was 
used as an analgesic.

A fullthickness flap was raised to access the 
alveolar bone at all surgical sites. Subsequently, 
a crestal incision with a distal relieving incision 
was performed. The grafts were covered with a 
resorbable BioGide collagen membrane (Geistlich 
Pharma, Wolhusen, Switzerland) in both groups. 
Then the flap was mobilised with periosteal inci
sions to ensure the softtissue closure with non
resorbable sutures (Supramid 5/0, Serag Wiessner, 
Naila, Germany) without tension.

Bone block grafts fixed at a distance 
(BBG-D)

The retromolar region of the ramus mandibulae 
was used as donor region for the BBGD tech
nique. Two thin bone slices were split out of the 
block and then one of the slices was fixed to the 
buccal surface of the deficient alveolar bone by an 
osteosynthesis screw (Figs 1a and b). The second 
slice was particulated and mixed with additional 

autologous bone chips that were harvested in the 
posterior mandibular region with a twist drill. The 
bone chips were placed in the cavity between the 
fixed bone slice and the alveolar bone (Fig 1c).

sonicWeld Rx shell technique (sWsT)

The buccal surface of the graft was created with an 
amorphous, resorbable and dimensionally stable 

Fig 1a-c   Opera
tive procedure for 
the bone block graft 
fixed at a distance 
technique: (a) buc
cal view of the 
bone plates fixed 
by bone screws; 
(b) axial view of the 
bone plates fixed 
at a distance from 
the alveolar ridge; 
(c) distance filled 
with particulate au
tologous bone.

a

b

c
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50:50 polyDLlactide (PDLLA) foil (ResorbX foil 
25 x 25 mm, thickness 0.1 mm; KLS Martin Group, 
Tuttlingen, Germany) (Fig 2a). The foil was welded 
to the alveolar bone using resorbable pins made 
of PDLLA (SonicPins Rx, Ø 1.6 mm, KLS Martin 
Group) (Fig 2b). Autologous bone chips were har
vested in the posterior mandibular region with a 
twist drill. Subsequently, a bone mixture of autolo
gous bone and bone replacement material (Bio
Oss, Geistlich Pharma) in a 1:3 volume ratio was 

placed between the PDLLA foil and the alveolar 
bone to build the graft (Fig 2c).

Placement of implants

The implants were inserted into the augmented 
bone 4 months later, in both study groups. The 
reentry was performed via a crestal incision. In 
the BBGD group, the osteosynthesis screws were 
removed. Subsequently, one Astra OsseoSpeed 
implant (Astra Tech Dental, Mölndal, Sweden), 
with a diameter of 3.5 or 4.0 mm and a length 
of 11 mm was placed into each single grafted site 
at bone level, in both groups. All implant surfaces 
were completely covered by bone or bone graft 
up to the implant shoulder. Three months later the 
implants were uncovered, and 3 to 4 weeks later, 
all implants were restored prosthetically. Each im
plant was loaded with an individually milled Atlan
tis abutment (Astra Tech Dental), and restored 
with a luted metalceramic crown.

Outcomes

The primary outcome was the survival of the im
plant, the secondary outcomes were the radio
graphically measurable morphological changes in 
the bone surrounding the implants, and the ter
tiary outcomes were the periodontal parameters 
PPD and BOP assessed 5 years after the grafting 
procedures.

Implant survival

The implant survival was considered as the clini
cally symptomfree presence of the implant 5 years 
after the grafting procedure.

Radiographic evaluation

The changes in the morphology of the periimplant 
bone, especially in the buccal bone of the implants, 
were measured using CBCT (PaXDuo3D, Orange
dental, Biberach, Germany), captured 1 year and 
5 years after the procedure. As previously described 
elsewhere14, the CBCT scans performed at baseline, 
immediately after augmentation and at the time 

Fig 2a-c  Opera
tive procedure for 
the SonicWeld Rx 
shell technique: 
(a) axial view of 
the PDLLA foils 
fixed at a distance 
from the alveolar 
ridge; (b) buccal 
view of the PDLLA 
foils welded to the 
PDLLA pins (arrow); 
(c) distance filled 
with particulate 
autologous bone 
mixed with bovine 
bonederived 
mineral.

a

b

c
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of implantation were taken to observe the bone 
morphological changes over time. A field of view of 
5 x 5 cm was selected at all the measurement times 
to keep the radiation exposure as low as possible, 
and also to obtain the highest resolution possible for 
the evaluation. In addition, all images were taken 
with an automatic metal artefact reduction switched 
on to reduce implant metal related artefacts.

The CBCT scans were used to detect the im
plant surfaces that were not covered by bone. All 
measurements were performed three times by 
three independent calibrated examiners, using the 
Ez3D Plus software (Vatech, Hwaseongsi, Korea). 
All examiners were blinded to the intervention, to 
the patients and the time point of measurements. 
The examiners who evaluated the CBCT scans 
were the same as the previous study14. The mean 
values were calculated from the three measure
ments and the three investigators. The repeated 
measurements were also used to calculate the 
intraclass correlation coefficients (ICCs).

The mesial, distal and buccal bone loss at the 
implants was measured at the mesial, distal and 
buccal margin of the implant shoulder. If present, 
the bone loss was measured as the distance from 
the highest point of the implant shoulder to the 
first implant/bone contact (Fig 3b).

The bone width of the alveolar crest was meas
ured in the buccopalatal direction, 2 mm below the 
highest point of the alveolar crest at baseline (T0), 
and immediately after augmentation (T1) (Fig 3d). 
At the time of implantation (T2) and at 1 and 
5year followup (T3 and T4), it was measured 
2 mm below the implant shoulder. If an implant 
could not be placed at T2, the case was excluded 
from analysis. The thickness of the buccal bone 
lamella covering the buccal surface of the implants 
was measured at three levels (L0, L2, L4) (Fig 3e), 
at T2, T3 and T4. Subsequently, the difference 
between T2, T3 and T4 at the different levels Lx 
was calculated to assess the resorption or bone 
gain of the buccal bone plate.

To perform the described measurements as 
similarly as possible, the implants were aligned in 
the Ez3D Plus software in the multiplanar recon
struction view, so that they were centred at the 
axial line of the crosshair in the sagittal and coronal 

viewing window. In the axial viewing window, 
the sagittal crosshair line was oriented so that it 
was as perpendicular as possible to the alveolar 
ridge. Thus, aligned in the coronal viewing window 
(Fig 3c), the mesial and distal bone loss from the 
corresponding implant sites were measured. The 
buccal bone loss (Figs 3a and b), the width of the 
alveolar bone (Fig 3d) and the thickness of the 
buccal bone lamella (Fig 3e) on the implant surface 
were measured in the sagittal viewing window.

Periodontal evaluation

The PPD and the BOP were measured at four sites 
around the implant16,17. The sites were mesial, dis
tal, buccal and palatal. The mesial and distal PPDs 
were measured on the buccal side of the implant. 
All measurements were performed once by the 
same examiner and were not repeated to reduce 
the treatment burden on patients. The measure
ments were done with a UNC 15 probe (HuFriedy, 
Tuttlingen, Germany).

statistical analysis

Data were collected and analysed with IBM SPSS 
Statistics 22 (IBM, Armonk, NY, USA). Fisher’s exact 
test was used for the categorical data. The mean 
values were compared by twosample t tests. In 
addition, a twoway mixed analysis of variance 
(ANOVA) with repeated measurements was per
formed to investigate the stability of augmented 
bone width over time (development from T1 to 
T4) and in the group comparison. The ICCs were 
calculated for the measurement sites based on a 
mean rating (k = 3), absoluteagreement, twoway 
mixedeffects model. The sample size calculations 
and intraclass correlation coefficient calculations 
were described previously14.

Randomisation

Patients were randomised into treatment groups 
by a simple randomisation procedure of random 
selection. Thirty identicallooking envelopes with 
identicallooking cards labelled with ‘bone block’ 
or ‘SonicWeld’ in a ratio of 1:1 were prepared, 
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shuffled and put into a box to be pulled for ran
dom assignment of the patients to the treatment 
groups. On the day of the surgery, a dental assis
tant pulled an envelope and informed the operator 
about the treatment group.

Results

Initially, 30 patients met the inclusion criteria and 
were randomised 1:1 into the treatment groups 
BBGD and SWST, between September 2011 and 

September 2012. All the randomised patients, 
without loss of bone graft or loss of an implant, 
completed the initial trial and could be followed 
1 year after the procedure (Fig 4). At year 5 of the 
followup, one patient in the BBGD group was 
deceased. In the SWST group one patient could not 
be followedup because she moved away and was 
hospitalised with dementia. Therefore, 13 patients 
in the BBGD group and 7 patients in the SWST 
group were included in the 5year assessment. 
The characteristics of the participants at the 5year 
 followup are summarised in Table 1.

Fig 3a-e  Measurements of bone resorption in the bone grafts using cone beam computed tomography (CBCT) at the 5year 
reevaluation, after the grafting procedure. The sagittal reconstruction images (a–d) were aligned perpendicular to the alveo
lar process: (a) plane set in the CBCT scan to assess resorption on the buccal surface of the implant; (b) measurement from the 
implant shoulder to the first implant/bone contact, and in this case, no bone could be detected in the CBCT scan at a length 
of 8.3 mm on the buccal surface; (c) coronal reconstruction image to measure the mesial and distal bone loss, and in this case, 
1.0 mm bone loss is detectable at the distal implant shoulder; (d) measurement of the buccopalatal bone width at the 5year re
evaluation, with a bone width of 7.4 mm. (e) Measurement of the thickness of the buccal bone lamella at the 5year reevalua
tion in the control group, at three different levels (L0, L2 and L4). The dotted lines trace the outline of the bone.

a cb
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The 1year results of this study are described in 
the first report by our research group14.

Implant survival

At the 5year followup, all implants that could be 
loaded prosthetically after uncovering (BBGD = 13 
and SWST = 7) were clinically symptomfree in 
situ in all patients in both treatment groups and 
appeared to have osseointegrated without any 
mobility.

Radiographic evaluation

The bone measurements taken from T1 to T3 have 
been reported in detail elsewhere14.

At the 5year followup, the CBCT assessments 
showed no bone loss at the mesial or distal implant 
shoulder in the BBGD group. However, there were 
two cases with 1.00 mm bone loss at the distal 
shoulder of the implant in the SWST group. The 
mean bone loss in the SWST group was 0.29 mm 
(standard deviation [SD] 0.49 mm). The differ
ence between the groups was statistically signifi
cant (P = 0.04). The difference between T3 and T4 
in the SWST group was not statistically different 
(P = 0.36).

At the 5year followup, there was a mean buc
cal bone loss measured from the implant shoul
der to the first implant/bone contact of 2.56 mm 
(SD 3.65 mm) in the BBGD group, and of 1.71 mm 
(SD 4.11 mm) in the SWST group (measurement 
site shown in Fig 3b). Nevertheless, the difference 
was not statistically significant (P = 0.64). Also, 
within the study groups there were no statistic
ally significant differences between T3 and T4. 

The highest individual values of buccal bone loss 
detected were 11.00 mm in the BBGD group and 
9.40 mm in the SWST group.

Fig 4  CONSORT flow diagram.

Table 1  Characteristics of the patients at the 5year reevaluation

Baseline data of participants Total study group significance

BBGD SWST P value

Age, y, mean (SD) 51.5 (18.5) 55.3 (18.0) 44.6 (18.7) 0.23

Age range, y 24–78 24–78 24–78

Male sex, n (%) 12 (60) 7 (54) 5 (71) 0.64

Total, n (%) 20 (100) 13 (100) 7 (100)

BBGD, bone block graft fixed at a distance; SWST, SonicWeld Rx shell technique.

BBGD, bone block graft fixed at a distance; SWST, SonicWeld Rx shell technique

Enrolment Assessed for eligibility (n = 30)

Excluded (n = 0)

Randomised (n = 30)

Allocated to BBGD (n = 15)
 • received allocated intervention 

(n = 15)
 • did not receive allocated inter

vention (n = 0)

Allocated to SWST (n = 15)
 • received allocated intervention 

(n = 15)
 • did not receive allocated inter

vention (n = 0)

Allocation

Lost to followup (n = 0)
Discontinued intervention (n = 0)
Early loss of bone graft (n = 1)
Early loss of implant (n = 0)

Lost to followup (n = 0)
Discontinued intervention (n = 0)
Early loss of bone graft (n = 5)
Early loss of implant (n = 2)

1 year follow-up

Analysed (n = 14)
 • excluded from analysis (n = 0)

Analysed (n = 8)
 • excluded from analysis (n = 0)

Analysis

Lost to followup (n = 1; patient 
died)

Lost to followup (n = 1; patient 
moved away and was hospitalised 
with dementia)

5 year follow-up

Analysed (n = 13)
 • excluded from analysis (n = 0)

Analysed (n = 7)
 • excluded from analysis (n = 0)

Analysis
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All measurements of the bone width and 
resorption of the buccal lamella on the implants 
at the different time points of evaluation are 
summarised in Table 2 (measurement sites as 
shown in Figs 3d and e). The twoway mixed 
ANOVA showed no statistically significant inter
action between ‘time’ (T1, T2, T3, T4) and the 
study groups (BBGD versus SWST) on the buc
copalatal bone width, GreenhouseGeisser F(2.06, 
37.11) = 0.37, P = 0.70, partial η2 = 0.02, ε = 0.67. 
The main effect of ‘time’ showed a statistically sig
nificant difference on the buccopalatal bone width 
at the different time points, according to Green
houseGeisser F(2.06, 37.11) = 41.84, P < 0.001, 
partial η2 = 0.70, ε = 0.67. The pairwise compari
sons showed that statistically significant differences 

(P < 0.03) existed between all the time points T1 to 
T4 except between T1 and T2 (P = 0.053), which 
indicates a decrease in bone width (Fig 5a). The 
main effect of group showed no statistically sig
nificant difference in the mean buccopalatal bone 
width between the study groups F(1, 18) = 0.76, 
P = 0.39, partial η2 = 0.041.

There were no statistically significant interac
tions between ‘time’ (T2, T3, T4) and the study 
groups, on the mean buccal bone width at L0 
(F [2, 36] = 1.44, P = 0.25, partial η2 = 0.07), L2 
(F [2, 36] = 1.58, P = 0.22, partial η2 = 0.08) and 
L4 (F [2, 36] = 0.72, P = 0.49, partial η2 = 0.04). 
The main effect of ‘time’ showed a statistic
ally significant difference on the mean buccal 
bone width at the different time points for L0 

Fig 5a-d  Post
operative changes 
in the bone morph
ology measured 
after the grafting 
procedure (T1), 
at the time of the 
implant placement 
(T2), at the 1year 
evaluation (T3) 
and at the 5year 
reevaluation (T4): 
(a) mean bucco
palatal bone width 
curves as calcu
lated by the mixed 
ANOVA model; 
(b-d) development 
of the mean buccal 
bone plate width on 
the implant surfaces 
at L0, L2 and L4, 
respectively. The 
error bars indicate 
95% CI.
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(F [2, 36] = 4.57, P = 0.02, partial η2 = 0.20), L2 
(F [2, 36] = 17.82, P < 0.001, partial η2 = 0.50) 
and L4 (F [2, 36] = 23.93, P < 0.001, partial 
η2 = 0.57) (Figs 5bd). The main effect of ‘study 
group’ showed no statistically significant difference 
on the mean buccal bone width at the different 
time points for L0 (F [1, 18] = 1.32, P = 0.27, par
tial η2 = 0.07), L2 (F [1, 18] = 2.83, P = 0.11, par
tial η2 = 0.14) and L4 (F [1, 18] = 4.27, P = 0.054, 
partial η2 = 0.19). Figure 5 shows the develop
ment of the buccopalatal bone width and buc
cal bone width according to the twoway mixed 
ANOVA evaluation.

At T4 the mean buccal bone plates were sig
nificantly thicker in the SWST group than in the 
BBGD group (t test P < 0.05) at all levels, L0 
to L4. The resorption of the buccal bone plate 
between T3 and T4 was not statistically signifi
cant between the study groups at the levels L0 to 
L4 (Table 2).

The ICC values that were calculated for differ
ent measurement sites, ranged from 0.988 (95% 
confidence interval [CI] 0.975 to 0.995) to 0.999 
(95% CI 0.998 to 1.00). The agreement was rated 
as excellent.

Table 2  Mean bone measurements in the CBCT scans at baseline (T0), immediately after grafting (T1), at time of the im
plantation (T2), after 1 year (T3), and after 5 years (T4)

Time of measurement Measurement site study group t-test

BBG-D  
(sD) in mm n

sWsT  
(sD) in mm n P value

T0 (baseline) Mean buccopalatal bone width 2.67 (0.61) 15 2.20 (0.86) 15 0.10 

T1 (immediately after grafting) Mean buccopalatal bone width 8.93 (1.05)a,b 15 9.00 (1.20)a,b 15 0.87

T2 (implantation) Mean buccopalatal bone width 7.77 (1.96)a,b,c 15 6.83 (2.50)a,b,c 15 0.26

Mean buccal bone width L0 1.52 (0.96)d,e 14 1.77 (0.89) 10 0.51

Mean buccal bone width L2 2.23 (0.84)f,g 14 3.12 (1.22) 10 0.05

Mean buccal bone width L4 2.34 (0.89)i,j 14 3.75 (1.49)d,e 10 0.01

T3 (at the 1year evaluation) Mean buccopalatal bone width 6.60 (1.18)b 14 7.18 (1.41)b 8 0.32

Mean buccal bone width L0 0.58 (0.77)d 14 0.77 (0.84) 8 0.60

Mean buccal bone width L2 1.23 (0.82)f,h 14 1.55 (1.12) 8 0.44

Mean buccal bone width L4 1.33 (0.85)i,k 14 2.06 (1.37)d 8 0.14

T4 (at the 5year  
reevaluation)

Mean buccopalatal bone width 6.37 (1.03)c 13 6.90 (1.52)c 7 0.36

Mean buccal bone width L0 0.67 (0.71)e 13 1.39 (0.66) 7 0.04

Mean buccal bone width L2 0.85 (0.65)g,h 13 1.77 (0.76) 7 0.01

Mean buccal bone width L4 0.91 (0.78)j,k 13 1.96 (1.06)e 7 0.02

Mean resorption of buccal 
bone plate from T2 to T3

L0 0.94 (0.99) 14 0.68 (0.98) 8 0.57

L2 1.00 (0.71) 14 1.06 (1.06) 8 0.90

L4 1.01 (0.82) 14 1.04 (1.10) 8 0.93

Mean resorption of buccal 
bone plate from T2 to T4

L0 0.79 (1.26) 13 0.02 (0.40) 7 0.14

L2 1.35 (0.64) 13 0.73 (0.83) 7 0.08

L4 1.44 (0.73) 13 1.06 (0.88) 7 0.32

Mean resorption of buccal 
bone plate from T3 to T4

L0 –0.05 (0.98) 13 –0.51 (0.75) 7 0.29

L2 0.37 (0.59) 13 –0.21 (1.03) 7 0.12

L4 0.39 (0.53) 13 –0.04 (1.08) 7 0.24

BBGD, bone block graft fixed at a distance; CBCT, cone beam computed tomography; L0, L2 and L4, correspond to levels 
0.5 mm, 1.6 mm and 2.0 mm (see Fig 3e); SWST, SonicWeld Rx shell technique; Negative values, for mean resorption of buccal 
bone plate reflect bone gain (for measurements see Fig 3); Values with the same superscript letter (a  k) within the same columns 
were statistically significant different (t test P  <  0.05) compared with the first appearance in a row; All the buccopalatal bone 
widths measured 2 mm from top of the crest; The data T0 to T3 are described previously by Bartols et al14.
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Periodontal evaluation

The mean PPD values for the different probing 
sites ranged between 2.54 mm (SD 0.88 mm) and 
3.08 mm (SD 0.95 mm) in the BBGD group, and 
between 2.86 mm (SD 0.70 mm) and 3.43 mm 
(SD 0.53 mm) in the SWST group. There were 
no statistically significant differences between the 
groups. In both treatment groups all PPDs were 
within the range of 2.0 to 6.0 mm. One of the 
highest individual buccal PPDs was 5.0 mm. How
ever, this was not a case with a high individual 
value of buccal bone loss, as shown by the radio
graphic evaluation.

There were only few instances of BOP at the 
different probing sites. The recordings of BOP 
showed no statistically different distribution 
between the treatment groups. Detailed results 
for the PPD and BOP are summarised in Table 3.

Discussion
In this RCT, we found that all implants that osseo
integrated into the augmented bone initially and 
could therefore be loaded with the prosthetic 
restoration, survived without any events and 
remained fully functional until the 5year follow
up. After 5 years, we observed thicker mean 
 buccal bone plates in the SWST group, compared 
with the BBGD group, but there were no clinically 
meaningful differences in buccal, mesial or distal 
bone loss. The buccopalatal bone width decreased 
significantly during the 5year observation period 
without differences between the study groups. The 
periodontal parameters assessed revealed healthy 
periimplant tissues with few signs of inflamma
tion. In contrast to the high rate of severe and non
severe shortterm complications that we reported 
in the 1year study14, the 5year results showed no 
clinically critical differences.

Table 3  Clinical periodontal parameters at the 5year reevaluation

Clinical parameter Total study group significance

BBG-D sWsT P value

BOP mesial (yes) n (%) 6 (30) 4 (31) 2 (29) > 0.99 

Total n (%) 20 (100) 13 (100) 7 (100)

BOP distal (yes) n (%) 3 (15) 2 (15) 1 (14) > 0.99

Total n (%) 20 (100) 13 (100) 7 (100)

BOP buccal (yes) n (%) 5 (25) 3 (23) 2 (29) > 0.99

Total n (%) 20 (100) 13 (100) 7 (100)

BOP palatal (yes) n (%) 2 (10) 2 (15) 0 (0) 0.52

Total n (%) 20 (100) 13 (100) 7 (100)

BOP at least one site per 
case (yes)

n (%) 7 (35) 5 (38) 2 (29) 0.52

Total n (%) 20 (100) 13 (100) 7 (100)

Total n 20 13 7 

PPD mesial (mm) Mean (SD) 3.08 (0.95) 3.14 (0.38) 0.86

Total n 20 13 7 

PPD distal (mm) Mean (SD) 2.92 (0.64) 2.86 (0.70) 0.83

Total n 20 13 7

PPD buccal (mm) Mean (SD) 2.54 (0.88) 2.86 (0.90) 0.45

Total n 20 13 7

PPD palatal (mm) Mean (SD) 3.07 (1.11) 3.43 (0.53) 0.45

Total n 20 13 7

BBGD, bone block graft fixed at a distance; BOP, bleeding on probing; PPD, probing pocket depth; SWST, SonicWeld Rx shell 
technique; Yes, bleeding at the probing site; Fisher’s exact test for BOP and t test for mean PPD.
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Dental implants are used to replace lost teeth in 
the longterm. Therefore, the longterm survival of 
implants is of utmost importance when assessing 
the efficacy of augmentation procedures, because 
the bone graft itself is only the precondition to en
able implantation in cases with insufficient bone 
volume initially. High longterm survival rates of 
more than 90% over 10 years of implants inte
grated into the alveolar bone have been reported 
in several studies1820. Moreover, for implants 
placed in the augmented bone, similarly high post
loading survival rates of more than 90% over 5 to 
10 years have been reported2125. Most of these 
longterm survival rates for implants placed in aug
mented bone are derived from retrospective study 
designs, and present great variability in the aug
mentation method used. Survival rates of 5 years 
or more reported by prospective trials in humans, 
particularly by RCTs comparing two bone aug
mentation methods in different treatment arms, 
are virtually unknown in the literature. One RCT 
compared short implants placed into vertically 
reduced bone with long implants in vertically aug
mented bone, and found 5year survival rates of 
81.5% and 88%, respectively26. In the present 
study, we found a fully functional 5year survival 
rate of 100% in implants regardless of the graft
ing method used. However, we must underline 
that we reported a very high rate of biologically 
severe complications in our 1year report14, which 
resulted in graft and implant losses, particularly 
in the SWST group. Initially, one graft was lost 
in the BBGD group and five in the SWST group. 
Moreover, in the SWST group two implants failed 
to osseointegrate in the preloading state14. Fur
thermore, the SWST group had five wound dehis
cences, one purulent inflammation and one nerve 
injury (hypesthaesia at the donor region), while 
the BBGD group had one purulent inflammation 
but no deshiscences or nerve injuries14. Overall, 
14 out of 15 planned implants could be loaded in 
the BBGD group, while only 8 out of 15 planned 
implants could be loaded in the SWST group14. 
The number of complications was statistically sig
nificantly higher in the SWST group compared 
with the BBGD group14. However, if the implants 
osseo integrated into the augmented bone, they 

were no longer affected by further events until 
year 5 of the followup.

In many studies in which different methods for 
bone augmentation are compared, the increase in 
bone volume or width is assessed and is often the 
primary outcome10,2731. In the present study, we 
also evaluated the bone gain; we found that ini
tially, immediately after the grafting procedure, a 
sufficient increase in the buccopalatal bone width 
could be achieved, which made the implantation 
possible (Table 2). During the 5year followup, 
we found that the buccopalatal bone width was 
significantly reduced during the observation period 
according to the twoway mixed ANOVA analysis. 
Nevertheless, simultaneously, no difference was 
found between the two study groups. Interestingly, 
although the bone width between augmentation 
and implantation decreased, the difference was not 
significant at first. Subsequently, the bone width 
between implant placements, 1 year after the pro
cedure and 5 years after the procedure, decreased 
statistically significantly. Another study found that 
most of the bone resorption occurred in the first 
7.5 months after grafting with different mixtures 
of autologous bone particles and bovine bone sub
stitute material30. This result is similar to the results 
found here, since the 7.5month values from the 
abovementioned study30 fall within the period 
between implantation (4 months after augmenta
tion) and 1 year after the procedure. Nevertheless, 
the bone width did not shrink to the preoperative 
value after 5 years; a significant width reduction of 
the initially augmentatively achieved bone should 
be expected in the course of time. In addition, the 
effect appeared to be relatively independent of the 
bone grafting technique.

The bone plate covering the buccal implant 
surface has been the subject of various stud
ies3234. One study compared the thickness of the 
bone plate immediately after implantation with 
the thickness being assessed 1 year later by using 
CBCT34, and reported that most of the resorp
tion was found at the implant shoulder, whereas a 
low amount of resorption was also observed api
cally. This is in contrast to the present study, since 
we found less resorption of the buccal bone plate 
thickness at the implant shoulder (L0), and higher 
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resorption values at the apical levels (L2 and L4), in 
both study groups. Possibly this difference can be 
explained by the different types of implantation 
used. Roe et al34 investigated the immediate place
ment of implants, while in the present study the 
lateral alveolar augmentation was conducted first, 
and the implants were placed later. Benic et al32 
and Kuchler et al33 assessed the buccal bone plate 
in cases with immediate placement of implants, 
and after 7 years and 10 years, respectively; none 
of the studies performed baseline CBCT measure
ments, and thus, they did not report any infor
mation on the resorption behaviour of the buccal 
bone plate. However, both studies found cases 
where the buccal bone covering the implants was 
not detectable in the CBCT scan after the 7year 
and 10year evaluation, respectively. This is con
sistent with our findings at the 5year followup; 
there were also cases in which no bone could be 
detected on the buccal implant surfaces, in both 
study groups, even though all implants were com
pletely covered by bone at the time of implant
ation. However, although no bone was detect
able in the CBCT, we speculate if a very thin bone 
layer might be present clinically or histologically. 
Although considerable bone loss of the buccal 
bone was found in some cases, there was nearly 
no clinically relevant marginal bone loss after the 
5year period at the mesial and distal shoulders of 
the implants, in both study groups. In addition, 
the buccal bone loss did not cause increased PPDs 
simultaneously at the same site.

The periodontal parameters assessed showed 
that BOP was present in 35% of the cases in the 
present study, at least at one site of measure
ment. There was no statistically significant differ
ence between the two study groups. If BOP was 
equated with the presence of mucositis, then 35% 
was within the prevalence values of 19% to 65%, 
which is the range previously reported in the lit
erature35. Moreover, a previous study conducted 
by our workgroup36 observed similar rates of BOP 
(29% to 42%) at 1 year (reevaluation) under 
the scope of a periimplant mucositis assessment, 
which is comparable with the present study.

In the present study, the mean PPDs were no 
greater than 3.5 mm regardless of the study group. 

This is within the limits of the other two stud
ies that assessed resorption of the buccal bone 
plate32,33. Furthermore, in the present study, the 
PPDs were no greater than 4.0 mm, even in cases 
with no detectable bone on the buccal surface of 
the implant; this finding is also consistent with the 
abovementioned studies.

In the present study, 15 patients per study 
group were initially included. Due to the very high 
rate of severe complications that occurred in the 
preloading stage of the study, the SWST group 
was reduced to eight patients in the 1year re
evaluation. At the 5year reevaluation, the study 
groups were further reduced since one patient died 
in the BBGD group, and one patient moved away 
in the SWST group. Although higher case numbers 
would have been statistically beneficial, the rest of 
the study occured eventlessly with the functional 
survival of the remaining implants. Therefore, we 
conclude that longterm success of both treat
ment options seems possible. Given that the SWST 
technique produces a lot of clinically and patient 
relevant complications that prevent loading in a 
high proportion of implants initially, it may be con
cluded that the SWST technique should not be 
used for bone augmentation until the shortterm 
complication rate can be substantially reduced. 
Therefore, further studies aiming to optimise the 
PDLLA materials to achieve lower clinical compli
cation rates are required.

Conclusions

Based on the findings obtained here, and within 
the limitations of the study, the 5year survival 
rates of implants inserted into laterally augmented 
bone, either with bone block graft or the shell tech
nique with PDLLA materials, are similar when the 
implants osseointegrated initially and were loaded 
prosthetically. Although a significant reduction in 
the buccopalatal bone width must be expected 
over time regardless of the augmentation tech
nique used, this does not appear to affect implant 
survival. Moreover, the periodontal findings at the 
implants were similar in both study groups and 
were considered clinically unremarkable.
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 RAnDOMIsED COnTROLLED CLInICAL TRIAL

KEY WORDs 
posterior maxilla, randomised controlled trial, short dental implants, single crowns

ABsTRACT
Purpose: To assess the clinical performance of single crowns in the posterior maxilla supported by 
either 11mmlong implants combined with maxillary sinus floor elevation surgery or 6mmlong 
implants during a 5year followup period.
Materials and methods: A total of 38 consecutive patients, missing a premolar or a molar in the 
posterior maxilla and residual bone height underneath the maxillary sinus between 6 to 8 mm, were 
included. Subjects were randomly allocated to receive one 11mmlong implant in combination with 
maxillary sinus floor augmentation or to receive one 6mmlong implant without any grafting. A total 
of 41 implants (21 implants in 20 patients in the 6mm group, and 20 implants in 18 patients in the 
11mm group) were placed and subsequently restored after 3 months with custommade titanium 
abutments and cemented zirconiabased porcelain crowns. Both groups were followed by clinical (im
plant survival, restoration survival, complications, pocket probing depth and presence of plaque, calcu
lus, bleeding and periimplant inflammation) and radiographic examinations up to 5 years. The patient 
satisfaction was scored before treatment, and 12 and 60 months after functional implant restoration.
Results: One patient (11mm group) died before the 12month evaluation and one patient 
(6mm group) moved away. In addition, one patient in the 6mm group lost one implant and no 
implants were lost in the 11mm group. Two patients lost three restorations in the 6mm group 
and no restorations were lost in the 11mm group. From loading until the 60month assessment, 
the mean marginal bone loss in the 6mm group and the 11mm group was 0.12 ± 0.36 mm and 
0.14 ± 0.63 mm, respectively, without a significant difference (mean difference 0.02 mm; 95% 
CI –0.32 to 0.37; P = 0.884). Implant loss, restoration loss, screw loosening and porcelain chipping 
were defined as complications. Four patients in the 6mm group and one patient in the 11mm 
group had one or more complications, without a significant difference between the groups (95% 
CI 0.019 to 0.244; P = 0.198). The patient satisfaction was high in both groups (mean overall 
satisfaction in the 6mm and the 11mm groups was 9.4 ± 0.8 and 9.2 ± 0.8, respectively; mean 
difference 0.2; 95% CI –0.33 to 0.76; P = 0.434).
Conclusions: Reconstructions performed using an 11mm implant combined with maxillary sinus 
floor augmentation or a 6mm implant in the resorbed posterior maxilla are equally successful in 
supporting a single restoration over 5 years.

Conflict of interest statement: This two-centre study has been partially sponsored by Dentsply 
Implants. None of the authors has an economic interest in the products related to this study or 
in the company.
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single crowns in the resorbed posterior maxilla 
supported by either 11-mm implants combined  
with sinus floor elevation or 6-mm implants: 
A 5-year randomised controlled trial
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Introduction

The bone height of the alveolar ridge near the 
maxillary sinus is often limited. To enable the 
placement of dental implants, vertical augmenta
tion procedures, such as sinus elevation, are used 
to enlarge the bone volume1. The adaptation of 
the implant to the existing anatomical shape can 
be achieved by using short implants, which is pre
sumed to be a reliable procedure, since it reduces 
the number and complexity of surgical treatment 
procedures, treatment time and morbidity2. Short 
dental implants are believed to be significant assets 
when aiming to avoid bone augmentation pro
cedures. Implant lengths and diameters have been 
continuously decreasing in the past few years. 
More favourable surface structures and more solid 
titanium alloys used for the fabrication of dental 
implants are increasingly used; thus, recent stud
ies have reported the use of dental implants with 
reduced dimensions, in terms of both diameter and 
length3,4.

The resorption of the posterior maxilla and 
maxillary sinus pneumatisation often result in a 
limited bone height; therefore, only implants with 
≤ 7mm length can be placed without the need for 
an augmentation procedure. Systematic reviews 
have demonstrated that the survival rate of short 
implants is high58, and that results obtained 
with short implants or long implants in combina
tion with maxillary sinus floor augmentation, are 
similar2,911. However, they all reported that their 
results were based on shortterm evaluations and 
that studies based on longer followup periods are 
needed to substantiate their findings.

Randomised controlled trials (RCTs) that com
pare short implants with long implants in com
bination with sinus elevation during a 5year 
followup period are scarce in the literature, 
with only the following four available: Thoma et 
al12 treated 101 patients with 137 implants that 
were either 6mm long or 11 to 15mm long 
in combination with a sinus elevation procedure 
(Astra Tech Implant System OsseoSpeed 4.0S, 
Dentsply Sirona Implants, Mölndal, Sweden); 
Esposito et al13 treated 40 patients with either 
5mm implants or 10mm or longer implants 

in combination with maxillary sinus floor aug
mentation (ExFeel Implants, MegaGen Implant, 
Gyongbuk, South Korea); Felice et al14 treated 
15 patients in a splitmouth design with either 
5mm implants or 10mm or longer implants in 
combination with a sinus elevation procedure 
(Rescue Implants and EZ Plus Implants, Mega
Gen); and Felice et al15, treated 20 patients in a 
splitmouth design with either 6mm implants or 
10mm or longer implants in combination with 
a sinus elevation procedure (Southern Implants, 
Centurion, South Africa). Overall, these 5year 
studies revealed that, although the clinical and 
radiographic results were similar between the 
short and long implant groups, procedures that 
used short implants were preferred because 
they were less invasive, and resulted in shorter 
treatment duration, and reduced postoperative 
discomfort. The RCTs also reported that further 
studies with longer followup periods are required 
to confirm their findings. Therefore, the aim of 
the present RCT was to compare the clinical per
formance between 11mm implants in combina
tion with a sinus floor elevation procedure and 
6mm implants supporting single crowns during 
a 5year followup. The present article was writ
ten according to the consolidated standards of 
reporting trials (CONSORT) statement16, which 
improves the quality of reports of parallelgroup 
randomised trials.

Materials and methods

The treatment and evaluation procedures are 
described in detail in a previous 1year followup 
study by Guljé et al17. A summary of the proced
ures utilised in the present RCT is presented below.

To be included in the study, subjects had to fulfil 
the following criteria:
• be capable of understanding and signing an 

informed consent;
• have antagonistic teeth;
• have a bone height between 6 to 8 mm beneath 

the maxillary sinuses and a bone width of at 
least 6 mm.
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Any of the following characteristics was regarded 
as exclusion criteria:
• uncontrolled pathological processes in the oral 

cavity;
• known or suspected current malignancy;
• history of radiation therapy in the head and 

neck region;
• history of chemotherapy within 5 years prior 

to surgery;
• systemic or local disease or conditions that 

could compromise postoperative healing and/
or osseointegration;

• uncontrolled diabetes mellitus;
• corticosteroids or any other medication that 

could influence the postoperative healing and/
or osseointegration;

• smoking more than 10 cigarettes/day;
• present alcohol and/or drug abuse.

Patients fulfilling all of the inclusion criteria and 
none of the exclusion criteria were informed 
orally and in writing about the study, and signed 
the informed consent form. The study was 
approved by the Medical Ethical Committee, at 
the University Medical Center Groningen (ABR 
NL44448.042.13).

The design was a twocentre RCT (‘De Mond
hoek’ private practice in Apeldoorn, and the Uni
versity Medical Center in Groningen).

surgical procedure

One hour before treatment, a prophylactic anti
biotic (3 g amoxicillin or, if allergic to penicillin, 
600 mg clindamycin) was given. The surgical pro
cedure was performed under local anaesthesia in 
Apeldoorn by F.L.G. and in Groningen by G.M.R. A 
sealed envelope was opened by the surgical assis
tant at the beginning of the surgical procedure. 
Depending on the randomisation outcome, a 
crestal incision and buccal and palatal flap were 
performed, or an advanced buccal flap in combi
nation with lateral window preparation to elevate 
the maxillary sinus, was performed. The maxillary 
sinus was augmented with a mixture of autologous 
bone harvested in close proximity to the sinus ele
vation surgery area (maxillary tuberosity), and a 

BioOss spongious bone substitute (granules 1 mm 
to 2 mm/ 2 g ~ 6 cc) (Geistlich Pharma, Wolhusen, 
Switzerland) in an approximately 1:1 ratio. Osseo
Speed TX 4.0 S implants (Dentsply Sirona Implant 
System) were used. The implant surgery was per
formed using the standard Astra Tech Implant Sys
tem protocol (document 79254usx1002 Astra 
Tech 2010). Subsequently, the 11mm OsseoSpeed 
TX 4.0 S implant was inserted. In the other group, 
the 6mm OsseoSpeed TX 4.0 S implant was 
placed. The postoperative treatment comprised 
a chlorhexidine rinse twice daily, starting 1 day 
before the operation and ending 10 days after. 
During the 12week healing period the implants 
were left in a submucosal position (Figs 1a and 2a). 
Twelve weeks after implant placement, a stage
two surgery was performed and a healing abut
ment was placed.

Prosthetic procedure

An impression was made at the implant level, 
2 weeks after the stagetwo surgery to fabricate 
a single crown. Two weeks after, a titanium indi
vidual abutment (Atlantis Abutment, Dentsply 
Implants, Mölndal, Sweden) was placed (20 Ncm 
torque) and a zirconiabased porcelain restoration 
was cemented. The patients received hygiene 
instructions and were scheduled for routine main
tenance recalls yearly (Figs 1bc and 2ac).

Outcome measures

The following items were assessed during the 
5year followup:
• implant survival: if the implant was present, 

not mobile and the removal was not dictated 
by progressive bone loss, infection or fracture;

• restoration survival: if the restoration was pre
sent, not renewed and the renewal was not 
dictated by extensive fracture or inferior aes
thetics;

• complications: any complications observed 
during the period from the implant placement 
until the 5year evaluation were kept in the 
patients’ medical record;
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Fig 1a-d  Example 
of a 6mm implant: 
(a) immediately 
after implant place
ment; (b) 2 weeks 
after  restoration 
placement; 
(c) 12 months after 
restoration place
ment; (d) 60 months 
after restoration 
placement.

Fig 2a-d  Exam
ple of an  11mm 
implant: (a) imme
diately after im
plant placement; 
(b) 2 weeks after 
restoration place
ment; (c) 12 months 
after  restoration 
placement; 
(d) 60 months after 
restoration place
ment.

a b

c d

a b

c d
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• radiographic evaluation: radiographs were 
taken 2 weeks, 12 months and 60 months 
after the restoration placement using a par
allel technique – radiographs were analysed 
using the specially designed DicomWorks 
software (Biomedical Engineering, University 
Medical Center, Groningen, the Netherlands) 
to perform linear measurements from refer
ence points at the neck of the implant, and 
bone loss was presented as the worst value of 
distal or mesial changes between 2 weeks and 
60 months;

• patient satisfaction: a questionnaire described 
previously by Telleman et al18 was used to 
record patient satisfaction, which was com
pleted before surgery and 60 months after the 
restoration placement – the questionnaire was 
composed of questions or statements to be 
answered on a fivepoint rating scale ranging 
from ‘very dissatisfied’ and ‘not in agreement’ 
(score 1) to ‘very satisfied’ and ‘in agreement’ 
(score 5), with the topics being ‘feelings’, ‘aes
thetics’ and ‘function’; in addition, patients 
were asked to mark their overall satisfaction 
concerning their dental situation at the intake 
and at the 1year assessment, using a 10point 
rating scale (0 to 10), in which 10 was the high
est satisfaction score;

• presence of plaque: the modified plaque 
index19 was used to assess plaque accumula
tion, in which score 0 represented no detec
tion of plaque, score 1 represented presence of 
plaque detected by running a probe across the 
smooth marginal surface of the abutment and 
restoration, score 2 represented the presence 
of plaque seen by the naked eye, and score 3 
represented an abundant amount of plaque;

• presence of bleeding: the modified sulcus 
bleeding index19 was used to assess the bleed
ing tendency, in which score 0 represented 
no bleeding when using a periodontal probe, 
score 1 represented isolated bleeding spots, 
score 2 represented a confluent red line of 
blood along the mucosa margin, and score 3 
represented heavy or profuse bleeding;

• periimplant inflammation: the gingival 
index20 was used to assess the periimplant 

inflammation, in which score 0 represented a 
normal periimplant mucosa, score 1 repre
sented a mild inflammation (slight change in 
colour and slight oedema), score 2 represented 
a moderate inflammation (redness, oedema 
and glazing), and score 3 represented a severe 
inflammation (marked redness, oedema and 
ulceration);

• presence of dental calculus: assessment of 
absence (score 0) or presence (score 1) of cal
culus;

• pocket probing depth: measurement of prob
ing depth (the distance between the marginal 
border of the mucosa and the tip of the peri
odontal probe) rounded to the nearest milli
metre using a manual periodontal probe.

The periimplant mucositis and periimplantitis 
were calculated at the implant level. The consen
sus reached at the Seventh European Workshop on 
Periodontology, of the European Academy of Peri
odontology, was used21 to describe periimplant 
mucositis and periimplantitis, using the follow
ing characteristics: periimplant mucositis (radio
graphic bone loss < 2 mm); bleeding on probing 
and/or suppuration and periimplantitis; bleeding 
on probing and/or suppuration in combination 
with marginal bone loss of 2 mm or more.

During the clinical evaluation at the followup 
visits blinding of the treatment group was per
formed to the investigator. However, during the 
analysis of the radiographs, blinding was not pos
sible because the length of the implant was used 
for calibration.

statistical methods

The mean marginal bone level change was seen as 
the primary outcome measure and used to estimate 
the number of patients needed to be randomised in 
the test and control groups. The difference in bone 
level worth detecting between the two groups was 
considered as 0.5 mm. If the assumed standard 
deviation was 0.3 mm, then 14 patients in each 
group were needed to achieve 80% power to detect 
a statistically significant difference (P < 0.05)22. 
Compensating for withdrawal required 36 to 40 
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patients in total. For randomisation, 20 envelopes 
with notes from the 6mm group and 20 enve
lopes with notes from the 11mm group were 
shuffled, and subsequently numbered from 1 to 
40. The sealed envelopes were opened by the sur
gical assistant at the beginning of the surgical pro
cedure. The patient was the statistical unit. To test 
whether the result from the frequency analysis dif
fered significantly from a normal distribution, the 
KolmogorovSmirnov and the ShapiroWilk tests 
were used. For the between groups comparison of 
normally distributed variables, t tests were used. 
Variables that were not normally distributed were 
statistically explored using the MannWhitney test 
for ordinal outcomes and the chisquare test for 
dichotomous outcomes. In addition, to explore if 
there were differences in the outcome between the 
two centres, the independent samples t tests was 
used. In all analyses, a significance level of P < 0.05 
was used. The statistical software used was SPSS 
(version 23.0, IBM, Armonk, USA).

Results

Consecutive patients were recruited from January 
2011 to December 2012. A total of 38 patients 
were screened for eligibility to receive 40 single 
implants (20 patients with 20 implants in the 
6mm group, and 18 patients with 20 implants 
in the 11mm group), with all the patients being 
included. After surgery, the 6mm group consisted 
of 21 implants instead of 20 because both centres 
knew that the last patient to be treated would 
be one belonging to the 6mm group; both cen
tres treated ‘the last patient’ on the same day, 
without any communication occurring between 

the two centres; thus, this randomisation viola
tion was overlooked and it was decided that both 
patients should be included instead of excluding 
one of them. A protocol violation also occurred 
because one patient in the 6mm group received 
two implants, and two patients in the 11mm 
group received two implants; it was decided to 
include both implants in these three patients, 
instead of excluding one patient. One patient (11
mm group) died before the 12month evaluation, 
one patient (6mm group) moved away from 
the area of the study without specifying the new 
address, and one patient (6mm group) lost an im
plant after 4 years of followup; thus, 35 patients 
reached the 60month assessment (Table 1).

Another deviation of the protocol was the 
panoramic radiographs that were conducted dur
ing the assessment instead of the intraoral radio
graphs, in one patient; this patient was against the 
use of an intraoral device because of an extreme 
gag reflex. When reviewing the periimplant bone 
level on the panoramic radiographs, it was decided 
that the depiction of bone level was clear enough 
for the analysis. In two patients, the radiographic 
measurements at T1 (2 weeks after the restor
ation) were performed on an additional intraoral 
radiograph, by the end of the osseointegration 
period. It was assumed that no periimplant bone 
changes would occur in the few weeks immedi
ately before restoration placement.

Implant and restoration survival

The implant survival at the patient level was 
100% in the 11mm group and 94.7% in the 
6mm group (one implant loss), at the end of the 
60month evaluation. There was not a significant 

Table 1  Baseline characteristics of the 6mm group (21 implants in 20 patients) and the 11mm group (20 implants in 18 
patients)

Baseline characteristics 6-mm group 11-mm group

Mean age in years (SD, min–max) 50 (10, 30–71) 48 (12, 29–72)

Sex (no. male/female) 7/13 11/7

No. premolar/molar position 5/16 6/14

No. between two natural teeth/ no. natural tooth distally 18/3 15/5

SD, standard deviation.
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difference between the groups (difference in pro
portions = 5.3%; 95% confidence interval [CI]: 
−0.270 to 0.796; P = 0.343).

Two restorations (in the same patient) in the 
6mm group were subjected to major chipping and 
had to be replaced, and one restoration was lost 
due to implant failure. Therefore, overall, the res
toration survival at implant level was 84.2% and 
at patient level was 89.4% in the 6mm group. No 
restorations were performed in the 11mm group 
(95% CI –0.011 to 0.169; P = 0.091).

Complications

Two patients, one from each group, showed 
loosening in the screw 3 years after the pro
cedure. These screws were retightened again. In 
one patient of the 6mm group minor chipping 
was observed 5 years after the procedure. This 
complication was solved by polishing without the 
need for a new restoration. Implant loss, restor
ation loss, screw loosening and porcelain chipping 
were defined as complications. Four patients in 
the 6mm group and one patient in the 11mm 
group had one or more complication. There was 
no significant difference between the groups 
(95% CI: –0.019 to 0.244; P = 0.198).

Radiographic assessments

The bone level changes were analysed using 
radiographs taken 2 weeks after the restoration 

(T1), 1 year after loading (T12) and 5 years after 
loading (T60) (Figs 1 and 2). From loading to 
the 60month assessment, the mean marginal 
bone loss in the 6mm and 11mm groups, cal
culated at patient level, was 0.12 ± 0.36 mm and 
0.14 ± 0.63 mm, respectively, without a signifi
cant difference between the groups (mean dif
ference = –0.02 mm; 95% CI: –0.32 to –0.37; 
P = 0.884) (Table 2).

Patient satisfaction

The patient satisfaction improved significantly in 
both groups (Table 3). At the 5year assessment, 
the mean overall patient satisfaction in the 6mm 
and 11mm groups was 9.4 ± 0.8 and 9.2 ± 0.8, 
respectively, without a significant difference 
between the groups (mean difference = 0.2; 95% 
CI: –0.333 to 0.758; P = 0.434).

Clinical assessment

No differences in plaque accumulation (P = 0.303), 
bleeding tendency (P = 0.096), calculus (P = 0.746), 
and gingival index (P = 0.134) were observed 
between the groups at the 5year assessment. 
Also, the mean probing pocket depth showed no 
significant difference between the groups (mean 
difference = –0.5 mm; 95% CI –1.157 to 0.125; 
P = 0.111). The periimplant parameters were 
all rather low at the three assessment periods 
(Table 4).

Table 2  Mean values and standard deviation (SD) of marginal bone loss (mm), and frequency distribution of bone loss, 
calculated at patient level 1 year and 5 years after the procedure, between the 6mm and 11mm groups

1 year 5 years

Group (no. patients) 6 mm (n = 20) 11 mm (n = 17) 6 mm (n = 18) 11 mm (n = 17)

Mean SD (mm) 0.10 ± 0.20 0.04 ± 0.33 0.12 ± 0.36 0.14 ± 0.63

0–0.5 mm 90% 94% 94% 82%

> 0.5–1.0 mm 10% 6% 0% 6%

> 1.0–1.5 mm 0% 0% 6% 6%

> 1.5–2.0 mm 0% 0% 0% 6%

> 2.0 mm 0% 0% 0% 0%

Differences between study groups were tested with the independent t test.
At 1 year: 95% CI –0.32 to 0.04; P = 0.121
At 5 years: 95% CI –0.32 to 0.37; P = 0.884



Int J Oral Implantol 2019;12(3):315–326

Guljé et al  11mm implants with sinus graft versus 6mm implants

322

Table 4  Implant plaque index (0 – 3), calculus index (0 – 1), gingival index (0 – 2), bleeding index (0 – 3) and probing depth (mm), calculated at T1, 
T12, and T60 at patient level, and possible differences between groups

T1 T12 T60

Group (no. patients) 6 mm  
(n = 20)

11 mm 
(n = 18)

P value 6 mm 
(n = 20)

11 mm 
(n = 17)

P value 6 mm 
(n = 18)

11 mm 
(n = 17)

P value

Plaque index Median [IQR] 0 [0;0] 0 [0;0] 1.000 0 [0;0] 0 [0;0] 1.000  0 [0;0] 0 [0;0] 0.303

Calculus index Median [IQR] 0 [0;0] 0 [0;0] 0.746 0 [0;0] 0 [0;0] 0.746 0 [0;0] 0 [0;0] 0.746

Gingival index Median [IQR] 0 [0;0] 0 [0;0] 0.784 0 [0;0] 0 [0;0] 0.120 0 [0;0] 0 [0;1] 0.134

Bleeding index Median [IQR] 0 [0;0] 0 [0;1] 0.384 0 [0;0.5] 0 [0;1] 0.283 0 [0;0] 0 [0;0] 0.096

Probing depth Mean (SD) 2.8(1.0) 3.0(0.9) 0.418* 3.1(0.8) 3.1(0.7) 0.943† 2.8(1.0) 3.3(0.8) 0.111‡

IQR, interquartile range; SD, standard deviation; T1, 2 weeks after placement of crown; T12, 12 months after placement of crown; T60, 60 months after 
placement of crown.
*95% CI = −0.869 to 0.369
†95% CI = −0.518 to 0.483
‡95% CI = −1.157 to 0.125

Table 3  Patient satisfaction before surgery (Tpre), and at 1 year (T12), and 5 years (T60) after crown placement

Tpre% in agreement T12% in agreement T60% in agreement

Group (no. patients) 6 mm 
(n = 20)

11 mm 
(n = 18)

6 mm 
(n = 20)

11 mm 
(n = 17)

6 mm 
(n = 18)

11 mm 
(n = 17)

Feelings Presence of shame 33.3 25.0 0.0* 0.0† 0.0* 0.0‡

Selfconfidence decreased 9.5 5.0 0.0§ 0.0 0.0 0.0

Being partially edentulous is visible 23.8 45.0 0.0§ 0.0* 0.0§ 5.3*

Function Evades eating with the edentulous zone/implant 66.7 75.0 4.8* 10.5* 0.0* 0.0*

Ability to chew is decreased 52.4 75.0 0.0* 0.0* 0.0* 5.3*

Implant influences speech 0.0 0.0 0.0 0.0 0.0 0.0

Implant influences taste 0.0 0.0 0.0 0.0 0.0 0.0

Aesthetics Not satisfied with the crown colour 0.0 0.0 0.0 0.0 0.0 0.0

Not satisfied with the crown form 0.0 0.0 0.0 0.0 0.0 5.3

Not satisfied with the colour of the mucosa 
around the crown

0.0 0.0 0.0 0.0 0.0 0.0

Not satisfied with the form of the mucosa around 
the crown

0.0 0.0 0.0 0.0 0.0 10.5

Overall satisfaction (0–10) 6.5 ± 1.4 5.8 ± 1.6 9.5 ± 0.7* 9.1 ± 0.7* 9.4 ± 0.8* 9.2 ± 0.8*

There was no statistical difference with regard to the overall satisfaction scores between the 6mm and 11mm groups at any time point (pretreatment: P = 0.181, 
95% CI = –0.325 to 1.658; T12: P = 0.103, 95% CI = –0.081 to 0.846; T60: P = 0.434, 95% CI = –0.333 to 0.758).
* Significant difference with pretreatment: P < 0.01
† Significant difference with pretreatment: P = 0.039
‡ Significant difference with pretreatment: P = 0.021
§ Significant difference with pretreatment: P = 0.016

Peri-implant mucositis and peri-implantitis

At the 5year evaluation, the incidence of peri
implant mucositis at the patient level was 22.2% 
(4 implants in 18 patients) in the 6mm group and 
47.4% (9 implants in 19 patients) in the 11mm 
group, without a significant difference between 

groups (difference in proportions = 25.2%; 95% 
CI: –0.203 to 0.540; P = 0.063). The periimplant 
mucositis was not accompanied by severe symp
toms (Table 4 depicts a low bleeding index); 
therefore, the treatment comprised following oral 
hygiene procedures. No periimplantitis occurred.
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Comparison between centres

There were no differences in the outcome between 
the two centres on any of the compared items at 
the 5year evaluation (Table 5).

Discussion

The current study revealed that after a 5year 
followup period, there were no significant dif
ferences in implant survival, clinical performance, 
marginal periimplant bone loss and satisfaction 
between patients provided with 6mm implants 
and 11mm implants in combination with max
illary sinus floor augmentation to support single 
tooth restoration.

The present RCT is similar to the 5year fol
lowup study by Thoma et al12, since the same 
implant system was used in both studies. Thoma 
et al12 reported a 98.5% implant survival rate 
in the 6mm group, and a 100% implant sur
vival rate in the longimplant group placed in 
combination with sinus floor elevation. In that 
study, the mean marginal bone level changes 
were 0.45 ± 0.79 mm in the 6mm group, and 

0.45 ± 0.91 mm in the longimplant group in 
combination with sinus floor elevation, with
out significant differences between the groups. 
These results were very similar to the outcomes 
obtained here. The comparison between the im
plant systems used in other 5year RCT’s1315 with 
the present RCT revealed similar survival rates 
of implants and restorations. However, the peri
implant bone loss in those studies was more than 
1 mm in both short and long implant groups. This 
may be due to the fact that they considered the 
bone level at the implant placement as reference, 
instead of considering the bone level at the restor
ation placement. This may explain the difference 
in bone loss observed between those RCTs and 
the present RCT.

The mediumterm results of the present RCT 
support the conclusions of the systematic review 
with metaanalysis by Fan et al11, stating there 
were no significant differences after a shortterm 
followup between the survival rate of short 
implants (5 to 8 mm) and long implants in com
bination with maxillary sinus floor augmentation.

In the present RCT, the implants were restored 
using singleunit, nonsplinted crowns. The 
nonsplinted design of the restorations used in 

Table 5  Probing depth (mm), periimplant bone loss (mm) and overall patient satisfaction (0 – 10), calculated at T1, T12, T60, and P values for dif
ferences between the Apeldoorn and Groningen centres

6-mm group 11-mm group

T1 Centre (no. patients) Apeldoorn 
(n = 10)

Groningen 
(n = 10)

P value (95% CI) Apeldoorn 
(n = 10) 

Groningen 
(n = 8)

P value (95% CI)

Mean probing depth (SD) 3.1 (1.2) 2.4 (0.5) 0.107 (–0.17 to 1.57) 3.3 (1.1) 2.7 (0.5) 0.122 (–0.20 to 1.53)

T12 Centre (no. patients) Apeldoorn 
(n = 10)

Groningen 
(n = 10)

P value (95% CI) Apeldoorn 
(n = 10)

Groningen 
(n = 7)

P value (95% CI)

Mean probing depth (SD) 3.1 (0.9) 3.1 (0.7) 1.000 (–0.76 to 0.76) 3.2 (0.7) 3.0 (0.8) 0.529 (–0.51 to 0.96)

Mean bone loss (SD) –0.1 (0.2) –0.1 (0.2) 0.780 (–0.17 to 0.22) 0.0 (0.1) 0.0 (0.5) 0.996 (–0.36 to 0.36)

Mean overall satisfaction 
(SD)

9.8 (0.4) 9.2 (0.8) 0.048* (0.01 to 1.19) 9.1 (0.6) 9.1 (0.9) 0.969 (–0.76 to 0.73)

T60 Centre (no. patients) Apeldoorn 
(n = 9)

Groningen 
(n = 9)

P value (95% CI) Apeldoorn 
(n = 10)

Groningen 
(n = 7)

P value (95% CI)

Mean probing depth (SD) 3.1 (1.3) 2.4 (0.5) 0.165 (–0.31 to 1.64) 3.2 (0.4) 3.4 (1.2) 0.724 (–1.06 to 0.75)

Mean bone loss (SD) –0.1 (0.2) –0.2 (0.5) 0.485 (–0.24 to 0.49) –0.2 (0.7) –0.1 (0.6) 0.689 (–0.79 to 0.54)

Mean overall satisfaction 
(SD)

9.6 (0.7) 9.2 (0.8) 0.379 (–0.45 to 1.12) 9.1 (0.9) 9.3 (0.7) 0.736 (–1.00 to 0.72)

*Significantly different (P < 0.05); T1, 2 weeks after placement of crown; T12, 12 months after placement of crown; T60, 60 months after placement of 
crown. 
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the present study, with high forces in the pos
terior region, contrasts with the supporting bone 
around the short implants used in other stud
ies23,24. Nevertheless, the present results are in 
agreement with the findings of recent systematic 
reviews2,9,10, where most of the included restor
ations were splinted on short implants, instead 
of nonsplinted.

The dynamic forces on the implants promote a 
significantly greater bone density surrounding the 
neck of the implant compared with static forces. 
This might be a key factor in understanding factors 
related to different lengths of implants25.

The mean indices for plaque, calculus, gin
giva and bleeding were very low at each assess
ment in both groups. The probing pocket depth 
was within normal values without a significant 
difference between the groups. Apparently, the 
oral hygiene regime advised to patients resulted 
in healthy periimplant tissues. However, there 
was a contradictory result: although there were 
patients with healthy periimplant tissues, some 
presented with periimplant mucositis; this was 
because 25 patients showed no bleeding and 12 
patients showed an isolated bleeding spot visible, 
from a total of 38 patients. This result along with 
the fact that 33 patients scored 0 (normal peri
implant mucosa) on the periimplant inflammation 
index, indicate that overall, patients had healthy 
periimplant soft tissues.

There was only limited periimplant bone loss 
in both groups (0.14 mm in the 6mm group and 
0.16 mm in the 11mm group), during the 5year 
functional period. The mean bone loss (from the 
restoration placement to the 5year assessment) 
reported by Thoma et al12, who, as previously 
mentioned, used the same implant system as the 
present study, was 0.12 mm in the shortimplant 
group and 0.18 mm in the longimplant group; 
these results are very similar to the results obtained 
here. Interestingly, the close connection with 
platformswitch between implant and abutment, 
together with an optimal surface roughness at the 
neck of the implant, provided a stable periimplant 
marginal bone level.

Patients were highly satisfied with the end 
result in both groups. Patient satisfaction is rarely 

reported with implant treatment in the posterior re
gion. Telleman et al18 reported the use of 8.5mm 
implants in the posterior region of the maxilla and 
mandible, and used the same questionnaire; the 
authors also mentioned high satisfaction scores at 
the end of the 5 years.

No difference in complications between the 
groups was observed, which contrasts with Fan 
et al11, who observed fewer complications in the 
shortimplant group in their systematic review.

A limitation of the present RCT is that the the 
first radiograph was taken at the start of the func
tional loading of the implant, which did not allow 
the information on possible periimplant bone 
changes to be compared, during the 3month 
osseo integration period, between the 6mm and 
the 11mm groups. The interventions in both 
groups were tested under conventional clinical 
conditions and using inclusion and exclusion cri
teria. Therefore, other experienced operators 
treating patients under similar conditions can 
obtain similar results.

Short implants must be seriously taken into 
account as a treatment of choice for the resorbed 
posterior maxilla, since they offer greater simplicity 
of execution and less treatmentrelated morbid
ity. Moreover, the total costs of a shortimplant 
treatment are lower, because the augmentation 
procedure can be avoided2,9.

Conclusions

The 5year results revealed that the 6mm implant 
and the 11mm implant placed in combination 
with a maxillary sinus floor augmentation, con
tributed equally to support a single restoration in 
the resorbed posterior maxilla. Therefore, 6mm 
implants should be considered as firstchoice treat
ment to support single restorations in the resorbed 
posterior maxilla if the morbidity and economical 
aspects are taken into account.
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ABsTRACT
Purpose: To investigate whether functional factors estimated by the masseter muscle thickness 
(MMT) and the maximum occlusal force (MOF), were associated with the amount of continuous 
eruption of maxillary incisors in adults.
Materials and methods: Dental casts were taken twice in 24 adult female patients during a 
10year prospective cohort study. At the first appointment, ultrasonographic measures of the 
MMT and MOF were recorded. The casts were scanned into a digital model and measurements 
of the eruption and clinical crown lengthening (CL) of the maxillary incisors were calculated after 
superimpositions on the palatal region. Univariate and multivariate mixed effect regression mod
els were used to assess the single and joint role of functional factors, with presence or absence 
of occlusal contacts and CL on incisor eruption.
Results: By using the linear mixed effects regression model, we observed that both the MMT and 
MOF were correlated with the maxillary incisor eruption. In particular, the thicker the masseter or 
the stronger the occlusal force, the lower the amount of eruption. Using a backward multivariable 
mixed effects model, the incisor eruption was correlated with the MMT combined with presence 
or absence of contacts and clinical CL. The amount of tooth eruption (0.32 mm on average) 
was positively associated with CL (0.29 mm on average); therefore, the greater the CL (gingival 
recession), the greater the amount of tooth eruption. The presence of occlusion contact between 
the maxillary incisors and their mandibular antagonists was found as an inhibitor of eruption in 
the multivariate model.
Conclusions: The functional capacity of masticatory muscles, as estimated by the MMT, plays a 
role in the amount of maxillary incisor eruption. The stronger the masticatory muscles, the lower 
the amount of eruption.

Conflict of interest statement: All the authors declare that they have no conflict of interest.

Stavros Kiliaridis, Grethe Jonasson, Luis Tomas Huanca Ghislanzoni

Functional factors associated with continuous 
eruption of maxillary incisors in adulthood: 
A 10-year prospective cohort study

Introduction

The maxillary incisor zone is the litmus test of im
plant placement since it impacts the longterm 
 aesthetic outcome. It is well known that continuous 

physiological eruption of teeth goes on until adult 
life and is very likely never to cease1,2. This phe
nomenon may have a negative aesthetic impact 
with infraocclusion of implantsupported crowns 
in the smile area. Continuous eruption has often 
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been studied in terms of vertical discrepancy of 
the implants adjacent to natural teeth with radio
graphic35 or photographic records6. In a recent 
study, the continuous eruption pattern and the 
vertical changes at the gingival level of maxillary 
teeth, from first molar to first molar, were evalu
ated longitudinally by means of superimposition 
of threedimensional (3D) digital models on a sta
ble area including the palatal rugae7. The central 
and lateral incisors were identified as the teeth 
that underwent the greatest changes in terms of 
eruption. The mean vertical displacement of the 
anterior teeth adjacent to the infraoccluded an
terior single implants, was reported to be around 
0.7 mm, during a 1 to 3year period3,5. Those 
studies also reported a wide interindividual vari
ation, with a few subjects exhibiting almost no 
eruption while other subjects showed substantial 
eruption (more than 1.0 mm). It would be a clinical 
challenge to identify the particular characteristics 
of individuals who run the risk of developing a 
vertical discrepancy due to the natural teeth erup
tion that occurs in relation to the adjacent single 
implants.

A previous study8 has shown that continuous 
eruption occurs both in the presence and absence 
of antagonist teeth, although it seems to be greater 
in the unopposed teeth.

A possible reason for the variation in the erup
tion rates may be the difference in the magni
tude of the occlusal forces acting on teeth with 
or without antagonist; the latter reaching a zero 
level. In healthy subjects the level of the occlusal 
forces may vary substantially between individu
als9, mainly due to the different muscular capacity 
of their masticatory muscles10. Thus, we hypoth
esised that the variability of the occlusal forces can 
lead to different continuous eruption rates among 
individuals.

The aim of this study was to investigate whether 
functional factors, such as the masseter muscle 
thickness (MMT) or the maximum occlusal force 
(MOF), are associated with the amount of con
tinuous eruption of teeth in adult individuals. The 
manuscript was written according to the STROBE 
guidelines for cohort studies11.

Materials and methods

subjects

Fortysix female patients were recruited during 
their annual visit in a public dental clinic in Swe
den. They were fully dentate and did not have any 
major restorative dental treatment. All the par
ticipants were informed that they would have to 
volunteer to be part of a longterm followup of 
oral parameters with noninvasive methods12, and 
all signed an informed consent. Subsequently, they 
underwent a clinical examination and complemen
tary recording of the ultrasonographic thickness 
of their MMT and MOF. Finally, alginate impres
sions of both arches were taken to construct dental 
casts.

All the 46 female patients were invited to 
attend a followup comprehensive visit 10 years 
later. Among these, a total of 24 came to the visit 
without having undergone any substantial dental 
restorations, and new impressions were taken.

Masseter muscle thickness (MMT)

The estimation of the MMT was performed using 
ultrasonography, as described by Kiliaridis and 
Kalebo13, and modified by Raadsheer et al14 using 
a real time ultrasound scanner (Pie Medical Scan
ner 480, Imaging BV, Maastricht, the Netherlands) 
with a 7.5 MHz linear array transducer. One ex peri
enced operator, who had developed the method, 
did all the recordings and measurements. The sub
jects were seated in an upright position without 
leaning on a headrest. The measurements were 
performed at the thickest part of the masseter 
muscle that is near the occlusal plane level. The 
probe was oriented perpendicularly to the ascend
ing ramus of the mandible, to avoid the oblique 
scanning of the muscle, which would increase 
the thickness of the muscle. To avoid tissue com
pression and, thus, distortion of the thickness of 
the muscle, a generous quantity of gel was used 
between the transducer and the skin of the sub
ject. The recordings and measurements were per
formed twice, with a 5minute interval between 
scans. The MMT of each side was calculated as the 
mean of the two readings that were registered to 
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the nearest 0.1 mm. Each scan was printed on film 
paper using a special videoprinter (model P66E, 
Mitsubishi, Japan).

Maximum occlusal force (MOF)

The maximum voluntary molar occlusal force (New
tons) was measured using a bite forkstrain gauge, 
as described by Kiliaridis et al9. The subjects were 
seated in an upright position without leaning on 
a headrest. The 11mm bite fork was covered by 
a 2mmthick elastic material, and then placed 
between the first molars alternating twice on each 
side, and the subjects were instructed to bite as hard 
as possible and encouraged to ‘do their best’. The 
MOF was considered as the highest value obtained 
during four recordings.

3D superimpositions and digitisation

A single operator collected alginate impressions of 
the maxillary and mandibular arches at both the 
first visit and the 10year after visit. Plaster casts 
were then digitised into 3D files with an intraoral 
scanner (Trios, 3Shape, Copenhagen, Denmark).

Subsequently, 3D images were treated and 
superimposed with Viewbox (dHAL Software, 
Kifissia, Greece). A first rough manual superim
position of the palate at baseline (T0) with the 
palate 10 years later (T1) was performed. A sec
ond fine superimposition was performed on the 
‘mushroom’ area that includes the palatal rugae 

and extends posteriorly along the palatal raphe on 
the hard palate (Fig 1)7,15. The superimposition 
builtin tool was set to match a 95% correspond
ence between the selected surfaces at T0 and T1. 
The procedure was repeated three times, until no 
further adjustment was possible.

After the superimpositions, a total of 14 points 
were digitised for each virtual model (Fig 2). An 
occlusal point and a gingival point were digitised 
for each incisor. They represented the occlusal and 
gingival limits of the facial axis of the clinical crown 
(FACC)16. The occlusal point was taken at the cen
tre of the incisal edge for the incisors. The gingival 
point (intersection of the FACC and the gingival 
sulcus) varied according to the periodontal status 
of the tooth.

Six more occlusal points corresponding to the 
buccal cusps of premolars and the mesiobuccal cusp 
of the first molars were also digitised to set a refer
ence occlusal plane17 on the model of the first visit. 
This plane was used to recalculate 3D coordinates 
of all the points. It was set on the T0 model and 
used to measure vertical displacement of the digit
ised points (at both T0 and T1). The xy axes were 
set as main axes of the occlusal plane while the z 
axis corresponded to the pure vertical displacement.

Eruption and crown lengthening (CL) 
measurements

The eruption was calculated as the vertical differ
ence between occlusal points on the incisal margin 

Fig 1  Superimposition in the ‘mushroomshaped’ area that 
includes the rugae and extends posteriorly on the raphe 
medianus.

Fig 2   Occlusal (blue points x 10) and gingival (red points x 4) markers were used 
to measure the vertical displacement of the crowns and clinical crown lengthening. 
The occlusal points were also used to calculate the occlusal plane (reference plane).
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(distance perpendicular to the occlusal plane) at 
T0 and T1. Values at T1 higher than values at T0 
represented tooth eruption between the two time 
points.

The clinical crown length was calculated at 
both T0 and T1, as the distance between occlusal 
and gingival points. Then, the difference between 
crown length at T0 and T1 was calculated. An 
increase in crown length could be interpreted as 
gingival recession or eruption of the tooth without 
gingival displacement.

The method error for linear measurements was 
calculated using the Dahlberg’s formula18 and cor
responded to 0.13 mm.

In the present study, only the maxillary central 
and lateral incisors were considered because they 
are the most susceptible teeth to vertical variation, 
according to a previous study concerning erup
tion of all the maxillary teeth7. Moreover, maxillary 
central and lateral incisors are mostly responsible 
for aesthetic problems when a vertical discrepancy 
develops between single anterior implantsup
ported crowns and natural teeth.

Contact with antagonists

The presence or absence of contact between max
illary teeth and their antagonists was verified by 
using contact points through software visualisa
tion. The validity of this visual method on digital 
models has been confirmed in the clinic through 
checking the presence of occlusal contacts using a 
0.020mm aluminium foil between two right cen
tral incisors and two left lateral incisors in 10 indi
viduals19. The Kappa agreement was high (80%) 
between the visual and the clinical method. The 
maxillary central incisors had contact with their 
antagonists in 64% of cases, and the maxillary lat
eral incisors had contact with their antagonists in 
40% of cases.

statistics

The age of patients and tooth characteristics were 
described as mean ± standard deviation (SD) and 
range (minimum and maximum values). Because 
the tooth eruption, crown lengthening (CL) and 

presence of occlusal contact were measured on 
four locations (maxillary right central and lat
eral incisors [tooth 11 and 12, respectively] and 
left central and lateral incisors [tooth 21 and 22, 
respectively]) in each patient, the linear mixed 
effects regression model was used to assess the 
association between tooth eruption (the depend
ent variable) and CL, MMT, MOF and contact 
with antagonist teeth (independent variables). 
Firstly, the univariable mixed effects model was 
used with each of the independent variables as the 
fixed effect, and the patients as random effect on 
intercept. A backward multivariable mixed effects 
model was constructed to retain all variables inde
pendently associated with tooth eruption (the 
variables entered in the model were CL, contact 
with antagonists, MMT and MOF). The normality 
of the residuals and the normality of the random 
effect were verified using histograms and a QQ 
plot. The homoscedasticity was verified using scat
ter plots representing standardised residuals versus 
predicted values. All the analyses were made at a 
twosided alpha level of 5%. The analyses were 
performed using STATA 15 (StataCorp, College 
Station, TX, USA).

Results

The average and standard deviation of age, tooth 
eruption (E), CL of the maxillary incisors, MMT 
and MOF are shown in Table 1. The eruption aver
age was 0.32 mm ranging between –0.24 mm 
and 1.12 mm, while the CL average was 0.29 mm 
ranging between –0.25 mm and 2.04 mm.

The MMT average was 13.2 mm, ranging 
between 8.6 mm and 13.9 mm, and the MOF 
average was 354 N, ranging from 189 N to 602 N.

The contact between incisors was present only 
in 52% of the teeth.

Via analysing the single factors associated with 
tooth eruption using an univariate linear mixed 
effects model, we observed that the MMT, MOF, 
and CL were significantly associated with tooth 
eruption, whereas the absence or presence of 
occlusal contact was not associated with tooth 
eruption as a single factor (Table 2).
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Furthermore, by using a backward multivari able 
mixed effects model, the variables that showed a 
significant association with tooth eruption when 
considered together were MMT, CL and absence 
or presence of occlusal contacts (Table 3).

Discussion

The present study found that the continuous erup
tion of maxillary incisors is linked to the functional 
capacity of the individual, since individuals with 
a thick masseter (and greater MOFs) showed a 
lower amount of continuous eruption over a 

10year period, when compared with individuals 
with weak masticatory muscles.

Continuous eruption is a neverending process 
even in adulthood, as shown by many studies47. 
Nevertheless, it remains unclear which factors 
influence this physiological phenomenon. In the 
current study, we included two different functional 
factors that characterise the masticatory muscles: 
MMT (mm), which represents the thickness of 
all masticatory muscles, according to Weijs and 
Hillen20; and MOF (N). When considered alone, 
both functional factors showed a statistically sig
nificant negative correlation with tooth eruption; 
this means that the greater the MOF, the thicker 

Table 3  Multivariable linear mixed effects model: factors associated with eruption (mm)

Variable (mm) Coef. [95% Conf. Interval] P > z

Masseter thickness (mm) –0.05 –0.09 –0.01 0.007

Crown lengthening (mm) 0.27 0.13 0.41 0.000

Occlusal contact (0 = no, 
1 = yes)

–0.11 –0.21 –0.01 0.033

_cons (constant or intercept) 0.993 0.471 1.51 0.000

Values represent the estimated adjusted fixed effects with 95% confidence interval of independently associated variables, by using 
a linear mixed effects model with a patient random effect on intercept.

Table 1  Descriptive statistics of the age of female patients and tooth characteristics at the beginning of the study

Variables Average sD Min Max

Age (years) 48.7 4.4 40.0 58.0

E (mm) 0.32 0.31 –0.24 1.12

CL (mm) 0.29 0.42 –0.25 2.04

MMT (mm) 13.2 2.2 8.6 13.9

MOF (N) 354 131 189 602

CL, crown lengthening of maxillary incisors; E, tooth eruption; MMT, masseter muscle thickness; MOF, maximum occlusal force; 
N, Newtons.

Table 2  Univariate linear mixed effects model: factors associated with eruption (mm)

Variable (mm) Coef. [95% Conf. Interval] P value

Masseter thickness (mm) –0.06 –0.10 –0.02 0.006

Maximum occlusal force (N, 
per 100 units)

–0.07 –0.13 –0.00 0.049

Crown lengthening (mm) 0.29 0.15 0.43 <0.001

Occlusal contact (0 = no, 
1 = yes)

–0.09 –0.20 0.01 0.088

Values represent the estimated unadjusted fixed effect with 95% confidence interval of each independent variable, by using a 
linear mixed effects model with a patient random effect on intercept (the P values are of type III); N, Newtons.



Int J Oral Implantol 2019;12(3):329–335

Kiliaridis et al  Muscular factors associated with continuous eruption of maxillary incisors

334

the masseter, and the lower the recorded values 
of tooth extrusion. Weaker muscles have a slight 
effect in inhibiting tooth eruption, while stronger 
muscles partially counteract eruption.

When considering the presence or absence of 
contact and periodontal status in a backward mul
tivariable mixed effects model, together with func
tional factors, the model excluded the MOF. Inter
estingly, the presence of contact was significantly 
correlated with eruption as an inhibiting factor in 
the model together with MMT; however, when 
considered as a single factor it did not inhibit erup
tion. In fact, in a previous study where the occlusal 
contact with opposing teeth was considered as a 
factor that inhibits tooth extrusion, a higher extru
sion value was found when the occlusal contacts 
were absent8. Therefore, the masticatory muscles 
regulate the eruption rate, only when antagonist 
teeth are in contact during swallowing, chewing 
and parafunction cases such as clenching. The 
occlusion was actually only assessed in maximum 
intercuspation; however, it was not possible to 
assess if sliding contact surfaces were present dur
ing the functional movement of occlusion and dis
occlusion, as these also may play a role.

The periodontal status played an important role 
in the tooth eruption phenomenon. As no clas
sic direct indices of periodontal health, such as 
pocket depth, bleeding on probing and alveolar 
bone changes, were recorded at the two time
points (T0 and T1), we decided to consider the 
change in the clinical crown length as an indica
tor of the periodontal status evolution, during the 
10year interval. In fact, physiological eruption of 
a crown should ideally be followed in a 1:1 ratio by 
the gingiva, and the crown length should exhibit  
zero changes. The reduction in crown length could 
be due to the occlusal surface wear, while the CL 
could be due to either gingival recession or lack 
of response to crown eruption, as a cause of gin
gival inflammation. This has been found associ
ated with the absence of contact, both in human 
experiments21 and more recently, in animal experi
ments22. By having stone casts as a reference, we 
considered CL as the more appropriate indicator 
of an active or passive defected periodontal con
dition. CL was positively related to continuous 

eruption. The teeth that exhibited greater CL 
were also the teeth that exhibited greater erup
tion. Consequently, we wondered if a mildcom
promised periodontal status may also play a role in 
the amount of continuous tooth eruption.

The present study was based on a limited sample 
of adult female patients aged between 40 and 58 
years at the time of the first appointment. In previ
ous studies, sex has not been reported as a discrim
inating factor; thus, caution should be taken when 
extrapolating these findings to the male popula
tion. An average amount of eruption of 0.32 mm, 
and CL of 0.29 mm were considered low but still 
greater than the method error (0.13 mm).

Periodontal and muscular factors seem to be 
related to eruption pattern in the longterm (10 
years), in the maxillary central and lateral incisors. 
The periodontal status of the implant and adjacent 
teeth has been considered as the main crucial factor 
for implant stability and aesthetics, and may also 
influence the eruption of adjacent natural teeth, 
accentuating the infraocclusion appearance of the 
single anterior implants. The muscular capacity of 
individual patients may also be considered as a fac
tor that influences the longterm aesthetics of the 
implantsupported crown, by regulating the erup
tion rate of the natural maxillary incisors. Among 
the limitations of the study, it was unfortunate that 
only half of the female patients contributed to the 
evaluation at the 10year followup visit. It would 
have been interesting to study a younger female 
population that was more likely to be treated with 
dental implants due to traumatic loss of central 
incisors.

The results of the present study may only be 
extrapolated to a similar female middleaged pop
ulation.

Conclusions

The continuous tooth eruption of the maxillary 
central and lateral incisors during a 10year period 
was found to be significantly correlated with 
a combination of factors, including MMT, pres
ence or absence of occlusal contact, and clinical 
CL. The MMT and MOF alone were considered as 
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parameters that can assess the masticatory mus
cular functionality, and were inversely related with 
the amount of eruption in the natural incisors.

Clinical CL, considered as a parameter of peri
odontal health, may also be an important factor 
related to the amount of eruption.
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KEY WORDs  
bone graft, implant stability quotient (ISQ), osteotome sinus floor elevation (OSFE), posterior 
maxilla, resonance frequency analysis (RFA)

ABsTRACT
Purpose: Osteotome sinus floor elevation (OSFE) is a technique aimed at simplifying implant 
placement in the posterior atrophic maxilla. The necessity of bone grafting under the elevated 
sinus membrane has been widely debated. The aim was to compare the evolution over 5 years 
of implant stability in sites grafted or left ungrafted.
Materials and methods: A total of 12 patients (9 female and 3 male) presenting ≤ 4 mm initial 
bone height (IBH) in the posterior maxillary sites were recruited. Implants (n = 37) were placed 
using OSFE. According to the randomisation, the sinuses received either bone graft (n = 20, con
trol group) or no graft (n = 17, test group). Patients received both these treatments when both 
sinuses fulfilled the inclusion criteria. Control assessments were performed 1 week, 10 weeks, 
12 weeks, and then 1 year, 3 years and 5 years after the implant placement. Periapical radio
graphs were taken and the implant stability quotient (ISQ) was measured at different time points.
Results: At implant surgery, the mean ISQ was 58.9 ± 11.2 for the test group and 53.8 ± 10.2 for 
the control group; it plummeted 10 weeks after the implant placement and rose thereafter. Five 
years after the implant placement, the mean ISQ reached 80.8 ± 4.2 for the control group, and 
79.7 ± 4.3 for the test group. The difference between the groups was not significant. The IBH 
significantly affected implant stability at implant insertion and 5 years after the implant insertion, 
but not at the other time points.
Conclusions: The implants performed using OSFE in ungrafted sites were as stable as the 
implants placed in grafted sites.
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Joe Merheb, Nathalie Nurdin, Mark Bischof, Myriam GimenoRico, Marc Quirynen, Rabah Nedir

stability evaluation of implants placed in the 
atrophic maxilla using osteotome sinus floor 
elevation with and without bone grafting:  
A 5-year prospective study

Introduction

Due to atrophy that occurs following loss of teeth 
and maxillary sinus pneumatisation, the posterior 
maxilla very often displays an insufficient initial 
residual bone height and density1,2. However, a 
sufficient bone density and an appropriate volume 

of bone are crucial factors for a successful implant 
treatment3,4. A higher failure rate was observed 
following the placement of implants shorter than 
8 mm into bone with poor density5,6. 

These limitations can lead to the indication of 
a grafting procedure to allow implant insertion 
in the posterior maxilla. The sinus floor elevation 
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with a lateral window approach is still considered  
the standard approach. Nevertheless, numerous 
studies described techniques aiming to simplify 
the augmentation procedures in this area79. The 
osteotome sinus floor elevation (OSFE) procedure 
seeks to ensure the preservation of all the existing 
bone by minimising, or even eliminating, the drill
ing sequence of the surgical protocol. The bone 
layer adjacent to the osteotomy site is progres
sively compacted with various bone osteotomes, 
which will result in a denser bonetoimplant 
contact and improved bone density to help opti
mise the primary implant stability10. Additionally, 
OSFE allows the placement of implants in ridges 
of reduced initial bone height (IBH) after the sinus 
membrane has been elevated and the integrity of 
the sinus cavity secured.

With the improvement of implant design, and 
surface and surgical techniques, the higher predict
ability of implant therapy has encouraged the re
evaluation of the necessity of grafting when using 
OSFE. Favourable results for OSFE without graft
ing using a 10mmlong standard cylindrical im
plant, in a mean IBH of 5.4 ± 2.3 mm, have been 
reported1114. An 8mmlong tapered cylindro
conicalshaped implant has also been successfully 
used to achieve primary stability in ungrafted sites 
of even a lower IBH mean (2.4 ± 0.9 mm)13,15,16. 
Few studies have compared the behaviour of 
implants placed using OSFE with and without 
grafting; nevertheless, all reported high success 
rates regardless of whether grafting material was 
present1618.

Several methods allow the quantification of 
implant stability19,20. Nowadays, resonance fre
quency analysis (RFA) is extensively used in clin
ical research to monitor implant stability over the 
healing period21, and in the long term, mostly 
due to its great reproducibility. With this method, 
the implant stability is measured by determin
ing the resonance frequency of the implantbone 
complex. The resonance values are expressed by 
the implant stability quotient (ISQ) on a scale of 
0 to 100.

The purpose of the present clinical study was: 
1) To measure and compare stability evolution 
of implants placed in the atrophic maxilla with 

or without bone graft using RFA measures over 
5 years; 2) To assess the influence of IBH and bone 
quality on implant stability.

Materials and methods

Ethics committee and study population

This prospective study was approved by the Ethics 
Committee for Human Research, at the University 
Hospitals of Geneva and Lausanne, Switzerland 
(reference no. 06089 and 245/06). The patients 
were recruited over a 12month period according 
to the following inclusion criteria:
• The patients require implant treatment in the 

posterior maxilla.
• The tooth extractions at the implant sites were 

performed at least 4 months before surgery.
• The residual bone height between the alveolar 

bone crest and the sinus floor, measured via 
panoramic radiographs, was ≤ 4 mm.

• The patients agreed to avoid wearing a remov
able prosthesis at the implant sites during the 
healing period.

• Absence of medical history of acute or chronic 
sinusitis, sinus disease or previous sinus surgery.

• Absence of active periodontal disease, diabetes 
or metabolic bone disease.

At the initial screening appointment, the medical 
and dental history of the subjects were reviewed, 
and inclusion criteria were confirmed. Patients re
quiring one to two implants per side in the atrophic 
and edentulous posterior maxilla were recruited. 
The IBH was determined via panoramic radio
graphy, and had to be ≤ 4 mm at the osteo tomy 
site for the patients to be enrolled.

A total of 12 patients (9 female and 3 male, 
mean age 57.6 ± 4.7 years) were recruited. The 
mean maxillary IBH was 2.4 ± 0.9 mm (range 
between 0.9 and 4.0 mm). A random allocation 
sequence was generated using an open gen
erator provided online by the François Rabelais 
University (Tours, France; http://biostat.med.
univtours.fr). For each patient, one sinus was 
randomised to receive either grafting material 

http://biostat.med.univ-tours.fr
http://biostat.med.univ-tours.fr
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(control group) or not (test group). If patients 
needed implant treatment of both sinuses (n = 7), 
the right side was treated according to the pro
cedure allocated by randomisation, whereas the 
left side was treated with the other procedure16. 
The grafted group included nine sinuses (17 
implants) and the nongrafted group 10 sinuses 
(20 implants).

The bone quality was assessed during the sur
gery according to the index described by Lekholm 
and Zarb22. Four of the 37 implants were placed 
in type 2 bone, 16 implants in type 3 bone, and 
17 implants in type 4 bone.

surgery and prosthetic procedure

Details of the procedures used were described pre
viously16. One or two 8mmlength, 4.1/4.8 mm 
diameter, TE SLActive implants (Straumann, Basel, 
Switzerland) were placed per sinus after an OSFE 
procedure, where the floor of the maxillary sinus 
was pushed up by means of ostetomes percus
sion. When attributed to the nongrafted group, 
the elevated sinus was filled with a bovinederived 
bone graft substitute (BioOss, Geistlich Pharma, 
Wolhusen, Switzerland), and the implants were 
placed simultaneously. When attributed to the test 
group, the implants were placed without insertion 
of bone grafting material in the cavity created by 
the bed preparation (Fig 1). The sites were left 
unloaded during the healing period. After 8 weeks, 
an impression was taken and the classic prosthetic 
steps were conducted. Ten weeks after surgery, 
prosthetic abutments were tightened at a 15 Ncm 
torque and the implants were rehabilitated using 
single crowns. One year after the implant place
ment, the abutments were further tightened with 
a 35 Ncm torque.

survival criteria

Implants were assessed 1 week, 8 weeks (impres
sion time), 10 weeks (prosthetic delivery), 
12 weeks, and then 1 year, 3 years and 5 years 
after implant placement. Implant success was eval
uated according to the following criteria: 1) no 
clinically detectable implant mobility; 2) no pain 

or any subjective sensation; 3) no recurrent peri
implant infection; 4) no continuous radiolucency 
around the implant23,24.

Radiographic measurements

The IBH was measured on standardised pano
ramic radiographs taken immediately after im
plant surgery (Fig 1). The calibration of the 
measurements to correct image deformation was 
based on the distance between three consecutive 
implant threads (2.4 mm) on an implant. An illus
tration of the radiographic followup of the study 
patients over 5 years is depicted in Fig 2.

Implant stability measurement

The implant primary stability at insertion (T0) 
was first assessed clinically by manual percussion 
exerted on the implantmount. If the implant was 
stable, the ISQ value derived from the RFA ana
lysis was measured with a commercially available 
transducer (Osstell, Integration Diagnostics, Goth
enburg, Sweden). The ISQ measurements were 
conducted at the implant placement (T0), and then 
repeated 8 weeks, 12 weeks (before tightening the 
abutments), 1 year, 3 years and 5 years after the 
procedure, in the buccal and proximal directions, 
with three repetitions. The ISQ data were obtained 

Fig 1  Illustration of surgical techniques and radiographic measurements of initial 
bone height (IBH).
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by averaging the six measurements (performed at 
the six different times).

statistical analysis

Comparisons between treatments and time points 
were made using a linear mixed model with the 
patient as a random factor, and the treatment and 
time as crossed fixed factors. The treatments were 
compared per time, and time points were com
pared with the initial measurements. The Šidák 
corrections for simultaneous hypothesis testing 
were applied. At each time, the normal distribu
tion of the residual values was confirmed by a nor
mal quantile plot and their homoscedasticity by a 
residual dot plot.

The relationship between ISQ values and the 
IBH was assessed graphically at each evaluation 
time by means of an orthogonal regression. After 
removal of outliers, a locally weighted scatter
plot smoothing (LOWESS) showed that the  linear 
relationship between the ISQ values and the 
IBH was applied. Standard errors for the regres
sion coefficients of the orthogonal regression line 
were obtained by bootstrapping. P values to test 
whether the slope was equal to 0 were calculated 
using these standard errors and assuming a tdis
tribution. A Pearson correlation coefficient was 
calculated as well.

The relationship between bone densities and 
postoperative ISQ was assessed by a Spearman 
correlation coefficient and by a variance analysis 
(ANOVA) model that compared the ISQ values for 
the different density scores. A correction for simul
taneous hypothesis testing according to Tukey was 
applied. The threshold value for statistical signifi
cance was set at P < 0.05.

Results

Failures and complications

During surgery, no perforation of the sinus mem
brane was detected. Six patients complained about 
typical postoperative events (such as moderate 
pain and swelling) without further consequences. Fig 2  Radiographic follow up of both control and test groups over 5 years: an example.
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At the 8week assessment (before impression) two 
control implants placed in merged corticals were 
clinically mobile and were considered as early fail
ures. At the 10week milestone, while applying the 
15Ncm abutment screw tightening of the final 
crown, in a single patient, two additional implants 
rotated (spinners). After three additional months 
of healing, these implants resisted tightening and 
were successfully rehabilitated. At the 1year 
assessment, 35 implants were clinically stable with 
their final prosthesis in function. One osseointe
grated test implant was removed 2.7 years after 
the procedure due to periimplantitis.

Influence of bone grafting on implant 
stability

The influence of bone grafting on the implant 
stability is depicted on Table 1. The mean ISQ 
at the implant surgery (T0) was 58.9 ± 11.2 for 
the nongrafted group and 53.8 ± 10.2 for the 
grafted group. The difference between both 
groups was not statistically significant (P = 0.53). 
For the two cases of early failure, the mean ISQ 
at surgery was low (38.5 and 34.0) but not for 
the two spinner cases (64.5 and 54.0). Only 10 
implants were analysed at the 1week assess
ment because of doubts regarding the rotational 
stability of those implants, and towards affecting 
their osseointegration process by tightening the 
transducer. These 10 implants showed a decrease 
in the mean stability level at the 1week assess
ment. For both grafted and nongrafted implant 
groups, the stability increased up to an overall ISQ 
mean of 76.9 ± 4.8 after 1 year and 80.2 ± 4.2 
after 5 years (Fig 3 and Table 1). There were no 
significant differences (P > 0.05) at any time point 
between grafted and nongrafted sites.

Influence of initial bone height on implant 
stability

The implant stability was plotted against the IBH 
at each time point (Fig 4). At the implant place
ment, a low but statistically significant correlation 
was found between the two variables (r = 0.33, 
P < 0.05). The relationship lost significance at later 

stages. However, a stronger and statistically signifi
cant correlation was found at the 5year assess
ment (r = 0.51, P < 0.01) (Fig 4).

Influence of bone quality on primary 
implant stability

At implant placement, the average ISQ was: 
62.8 ± 7.0 for implants placed in the type 2 bone 
(n = 4); 57.0 ± 14.3 for implants placed in the 

Table 1  Evolution of implant stability (implant stability quotient, ISQ) 

Time point Group Average IsQ standard deviation

Postoperative Grafted 58.9 11.2

Nongrafted 53.9 10.2

1 week Grafted 52.3 9.8

Nongrafted 50.5 11.3

8 weeks Grafted 61.2 8.5

Nongrafted 63.2 7.2

3 months Grafted 69.3 8.3

Nongrafted 68.3 5.3

1 year Grafted 78.7 4.6

Nongrafted 74.9 4.3

3 years Grafted 78.2 6.3

Nongrafted 76.7 3.4

5 years Grafted 80.8 4.2

Nongrafted 79.7 4.3

Fig 3  Mean ISQ measured immediately after surgery, and 1 week, 8 weeks, 
12 weeks, 1 year, 3 years and 5 years after surgery.
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Fig 4  Relationship 
of IBH and implant 
stability.
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type 3 bone (n = 16); and 52.5 ± 7.2 for implants 
placed in the type 4 bone (n = 17); however, this 
difference was not statistically significant (Fig 5).

Discussion

Currently, implant therapy has reached very high 
survival rates nearing 100%25,26. However, there is 
a constant strive towards offering better treatment 
to patients. Implant survival has become irrelevant 
in terms of study as it is considered as practically 
guaranteed. Thus, treatments aiming at reducing 
the treatment time have become the priority27,28. 
Long treatment protocols with long healing times 
are now frowned upon, and fewer patients are 
willing to wait long periods of time for the peri
implant healing to be completed. Aesthetically, 
implants are now expected to perfectly mimic the 
natural tooth and meet the increasing expectations 
of patients. Moreover, new treatment concepts 
aim towards simplifying implant treatments while 
keeping the results at a very high standard.

In recent years several authors have suggested 
the use of short implants in sites with limited bone 
height to avoid bone grafting or other invasive 
procedures2931. In the present study, only im
plant sites with an IBH under the maxillary sinus 
of ≤ 4 mm were included (IBH = 2.4 ± 0.9 mm). 
Moreover, if shorter implants were used, a sinus 
floor elevation would have been conducted. In 
the present study, all implants used were 8 mm 
long. According to the most recent guidelines by 
the International Team for Implantology (ITI)32, 
the definition of ‘short’ implants has been set as 
implants ≤ 6 mm in length. According to the litera
ture, 6mm implants seem to be a valid solution 
when the available bone height is limited, tak
ing into account the special considerations when 
using these implants, such as as splinting or using 
wider diameter implants (≥ 4 mm). The present 
study investigated different bone characteristics 
and their influence on the stability of implants 
placed in reduced bone height. No difference in 
stability was found between grafted and non
grafted sites at any time point over the 5year 
period; however, a drop in implant stability was 

observed around 1 week after the implant place
ment, when the mechanical stability was partially 
lost due to the start of the bone remodelling pro
cess, and thus, the biological stability had not yet 
replaced mechanical stability (Fig 3).

These results were expected since implant sta
bility is solely based on the mechanical engage
ment of the implant with the bone, thus, it relies 
on the density and microarchitecture of the 
bone and is not influenced by the grafting ma
terial. The lack of significance between grafted 
and nongrafted sites remained in the later time 
points when the mechanical stability was gradu
ally replaced by biological stability, as a result of 
the osseointegration process, bone regeneration 
and graft integration.

This observation suggests that a bone graft 
does not accelerate or decelerate the overall speed 
of newbone formation in the augmented sinus. In 
addition, the study by Merheb et al33 showed that 
there were very low changes in implant stability, 
as long as cortical anchorage and marginal bone 
integrity were ensured. These factors might then 
be more relevant than the bone graft and spon
gious bone anchorage on implant stability.

A previous study, based on a similar pool of 
patients to the present study, focused on marginal 
bone loss and implant survival, and found that, 
after 5 years of function, implants in the grafted 

Fig 5  Relationship between primary implant stability and bone quality according to 
the Lekholm and Zarb index22.
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group lost an average of 0.7 ± 1.4 mm of mar
ginal bone, while the nongrafted group lost an 
average of 0.6 ± 0.9 mm of marginal bone13. The 
authors also found that three implants failed over 
a period of 5 years: two implants failed 8 weeks 
after the procedure, and both belonged to the 
control group (grafted group); a third implant 
failed due to periimplantitis 2.7 years after the 
procedure, and belonged to the test group (non
grafted group)13. Because of this sole failure after 
osseointegration, it is difficult to draw any statis
tical conclusion as to the effect of bone grafting 
on implant survival.

In the present study, the relationship of implant 
stability and the IBH was investigated. A signifi
cant correlation was found at the implant surgery, 
which is in agreement with previous studies3436. 
This correlation was lost at the following assess
ments during osseointegration. Surprisingly, a 
strong correlation was found again 5 years after 
the procedure. This discrepancy could be explained 
by the resorption of the bone graft substitute 
( BioOss) placed at the grafted sites. BioOss is 
known to undergo a slow resorption throughout 
time; however, histological studies have shown 
that BioOss particles are still significantly present 
in the grafted sites more than 10 years after graft
ing37,38. Nevertheless, after a few years, a com
plete bone integration of BioOss in a lamellar 
structure, in absence of bone remodelling, has 
been observed39. Hence, it could be hypothesised 
that a positive correlation between the IBH and 
implant stability might be found once the bone 
maturation has finished taking place.

Primary implant stability seems to be greater 
in denser bone. This trend has already been well 
established in previous reports40,41. However, this 
superiority did not reach statistical significance; 
the lack of significance could be attributed to 
the rather limited sample size, especially in the 
dense bone group (group 2, n = 4). Additionally, 
the osteotome technique, which aims to con
dense bone, particularly in areas of lower bone 
density, may have played a role in attenuating the 
differences in the density of the different bony 
beds42. Finally, the particular tapered design of the 
implants used in the present study was engineered 

to take maximal advantage of the available bone 
and secure good anchorage in areas with deficient 
bone quality or quantity43,44. The use of this im
plant type helped in providing good stability even 
in the softer types of bone.

Several cutoff values of ISQ have been sug
gested as thresholds for the prediction of implant 
survival4547. These values have differed from 
one author to another, and from one system to 
another. Nevertheless, they provide broad guides 
to the surgeon about the safety of deviating 
from the traditional twostage protocol towards 
a onestage protocol, and further on towards 
immediate loading of the implants. In addition 
to absolute values, special attention should be 
devoted to monitoring the trend of evolution of 
the ISQ values. A positive trend is the sign of an 
uneventful healing, while a negative trend could 
be announcing a possible boneimplant complex 
degradation with ensuing failure. In the present 
study, the decreased ISQ values of the two spin
ner implants observed at the 10week assessment 
were probably predicating implant failure, in case 
the implants had effectively been loaded on the 
day of the measurements.

Conclusions

This study demonstrated that the stability of 
implants placed with OSFE in nongrafted sites 
was as great as the stability of implants placed in 
grafted sites, over a 5year period. Further research 
is required to confirm and clarify the correlation 
between implant stability and the IBH observed 
5 years after the implant surgery was conducted.
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ABsTRACT
Purpose: This report originated from the finding of metal artefacts on magnetic resonance images 
(MRI) which were not detected on panoramic radiography or cone beam computed tomography 
(CBCT) imaging. It was hypothesised that drills or implants might release metal particles during 
surgical procedures in the jawbones. Therefore, the aim was to assess whether dental implants or 
surgical drills might cause metal debris in the surrounding tissues.
Materials and methods: The experiment consisted of a postmortem and an antemortem model. 
A splitmouth design was carried out in a postmortem fresh frozen cadaver head. In the left man
dible only the drill preparation sequence was performed, whereas in the right mandible, the drill 
sequence was followed by implant placement. Before surgery, the postmortem model underwent a 
baseline MRI acquisition. A second MRI (MRI2) was acquired after performing the osteotomies on 
both sides and implant placement on the right side. Finally, the implants were carefully removed, 
and a final MRI (MRI3) was acquired. Bone blocks containing the implant and osteotomy sites 
were isolated. For the antemortem model, a fresh frozen cadaver head was selected that already 
had implants in place. An implant in the anterior maxilla was removed and the surrounding bone 
block was isolated as well. A histological analysis was prepared for both models.
Results: In the antemortem model, histological analysis showed irregularshaped dark particles 
near the boneimplant interface consistent with metal debris. Additionally, in the postmortem 
model, both sites showed metal artefacts on MRI2 and MRI3, and by using a balanced fast field 
echo sequence, and histological analysis, the suspected particles of metal debris were confirmed 
on both sides of the mandible.
Conclusions: Further studies should investigate the origin and extent of the metal debris following 
implant placement, as well as its clinical significance, possible risk factors and preventive measures.
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Metal debris after dental implant placement: 
A proof-of-concept study in fresh frozen cadavers 
using MRI and histological analysis

Introduction

There is increased alertness and awareness regard
ing metal allergy and toxicity in humans1. There
fore, concerns are rising on the formation of metal 
debris around implants and its impact on the body 

immune system and toxic effects. Titanium and 
its alloys are widely used in dentistry due to their 
biocompatibility; they are regarded as weak sen
sitisers but the amount of titanium in the products 
of daily consumption has increased, thereby pro
viding more opportunities for the body to become 
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sensitised to this metal2. Consequently, the risks 
associated with titanium exposure have been 
questioned. On the other hand, this possibility 
remains difficult to prove due to the lack of avail
able agents to test and predict titaniumrelated 
hypersensitivity3. Despite this fact, several stud
ies have reported cases of metal allergy caused 
by titaniumcontaining materials and titanium 
 particles25.

The literature highlights that particles released 
from titanium implant surfaces may combine 
with endogenous proteins to form antigenic mol
ecules. These are captured by Langerhans cells, 
related to Tlymphocytes, and generate a spe
cific kind of reaction named delayedtype hyper
sensitivity or type IV allergy. This type of reac
tion involves mainly type 1 Thelper cells (Th1), 
macrophages and cytokines, and are observed in 
autoimmune diseases such as rheumatoid arthri
tis, and in drug and foreign body reactions6,7. 
Titanium alloys are the preferred choice for den
tal implants as compared to pure titanium, due 
to their higher strength. However, it should be 
noted that no material, including the different 
types of implants, can be universally considered 
biocompatible8.

This report originated from the finding of metal 
artefacts on magnetic resonance images (MRI) 
(Fig 1c), which were detected neither on pano
ramic (Fig 1a) nor on cone beam computed tom
ography (CBCT) imaging (Fig 1b). The patient’s 
complaint consisted of persistent pain after dental 
extraction of the maxillary left third molar. Based 
on these imaging findings, it was hypothesised 
that surgical drills might release small metal par
ticles during surgical procedures in the jawbones 
that behave differently according to each imaging 
modality and may potentially induce a discrete for
eign body reaction.

Based on these observations and clinical experi
ence, it was  decided to conduct an experiment to 
investigate whether dental implants release metal 
particles into the environment, or whether the sur
gical drills used can be the cause of metal debris in 
the surrounding tissues.

Materials and methods

After approval by the Advisory Committee on 
Bioethics, at UZ Leuven (reference: NH0192018
0302), an experiment was performed using two 
sample conditions:
• A postmortem model, consisting of a cadaver 

head with an edentulous mandible and free of 
metallic structures

Fig 1a-c  Clinical 
case where the 
patient presented 
with persisting pain 
after extraction 
of maxillary left 
third molars (white 
 circle): (a) no arte
facts are present on 
panoramic imaging; 
(b) cone beam 
computed tomog
raphy; (c) the metal 
artefact is seen on 
magnetic resonance 
imaging. a

b

c
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• An antemortem model, consisting of a cadaver 
head that had several implants placed antemor
tem in his maxilla and mandible.

Both fresh frozen cadaver heads were gradually 
defrosted at 4°C over a period of 2 days before 
starting the experiments. The imaging acquisitions 
and surgical interventions were performed on the 
third day. Before performing any surgical inter
vention, both heads underwent a baseline MRI 
(MRI1).

In the postmortem model, a splitmouth 
approach was used. After conventional soft tis
sue flap preparation at the body of the mandible 
of the postmortem model, two drill sequences 
2 cm apart, without placing implants, were per
formed at the left side of the mandible. On the 
right side the same sequence was used but with 
the placement of two titanium implants (diameter 
3.75 mm, length 13 mm, Brånemark System Mk 
III TiUnite, Nobel Biocare, Zurich, Switzerland). 
All experiments were conducted using new sur
gical instruments and drills. The implant place
ment sequence was performed by one oral and 
maxillofacial surgeon, according to current clinical 
practice standards and strictly following the man
ufacturer’s instructions. After performing bilateral 
osteotomies with consecutive implant placement 
on the right side, the MRI2 was acquired. Subse
quently, the MRI3 was taken after careful removal 
of the implants. Lastly, the implant and osteotomy 
sites were carefully removed using a trephine drill 
(Meisinger 229L, Meisinger, Neuss, Germany) and 
sent for histological analysis.

In the antemortem model, one implant present 
in the anterior maxilla was carefully removed, and 
its surrounding bone was collected using a tre
phine drill (Meisinger 229L). This bone block was 
also submitted for histological analysis. 

MRI acquisitions

The MRI was performed by using Philips Ingenia 
3T system (Philips Healthcare, Best, The Nether
lands) with the acquisition of T1, T2 weighted and 
balanced fast field echo (BFFE) sequences, con
ducted using a standard 32 channel head coil. The 

images were obtained at 0.7 to 1.0 mm sections 
in the coronal, axial, and sagittal planes.  Imaging 
parameters were acquired as follows: T2W 
images: TR (repetition time) = 3000, TE (echo 
time) = 80 milliseconds (ms), echo train length 
(ETL) = 10, 256 x 256 matrix, 1.0 mmslice thick
ness, number of excitations (NEX) = 2, and field of 
view (FOV) = 120 mm; T1W images: TR = 600, 
TE = 12 (effective), ETL = 10, 256 × 256 matrix, 
1.0 mmslice thickness, NEX = 2; BFFE images: 
TR = 9.68, TE = 4.82 ms (effective), ETL = 10, 
256 x 256 matrix at 0.7 mmslice thickness.

The image registration was done by correcting 
the rotation axis (x, y, z) to match the pre and 
postoperative slices using the 3D Synapse imaging 
system (Fujifilm, Japan). Each slice was reoriented 
perpendicular to the rotation axis, and a final 
image was saved according to the new orienta
tion. A colour mapping of the postoperative BFFE 
images (with and without implants in situ) was 
done to detect added features and artefacts.

The American Society for Testing and Mater
ials specifications (F2119) were used to evaluate 
the artefacts in magnetic resonance images9. Each 
pixel image at the artefact area was expected to 
alter the signal intensity by at least 30%. Thus, 
artefacts were evaluated by visualisation of signal 
void areas situated beyond the original size of the 
implant and the region in which the implant was 
placed and extracted. The signal void areas with 
the pileup high signal intensity indicated a metal 
artefact on the images.

Histological acquisition

The specimens collected from the postmortem 
and antemortem models were prepared in blocks, 
and haematoxylin & eosin (h&e) staining from 
both models (Agilent/Dako) was performed by 
the Pathology Department. Initially, the samples 
were decalcified using formic acid and sodium 
formate, and subsequently embedded in paraf
fin. Sectioning was conducted using a microtome 
(Leica RM2255, Leica, Wetzlar, Germany), and 
samples were assessed using a microscope (Leica 
DM2500) with polarisation filters (Leica 505087).
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Results

MRI evaluation

No artefact was observed on the postmortem 
model, which was free of metallic structures in the 
MRI1 image (Fig 2a to c). However, the postmor
tem cadaver head showed a considerable number 
of artefacts on the MRI2 (Fig 2d to f) and MRI3 
(Fig 2 g to i) on the BFFE sequence images. The 
artefacts were described as signal voids surrounded 
by circular high signal intensity areas. All implants 
gave a low signal intensity on all sequences and 
were surrounded by a high signal intensity area. 
On the other hand, drill sequences which were 

conducted 2 cm apart without placing implants 
generated similar artefacts also detectable on the 
BFFE sequence.

Histological evaluation

Analysis of the h&e staining showed irregular
shaped dark particles in the boneimplant area, 
both in the postmortem right (Fig 3a to c) and left 
side (Fig 3d to f) and in the antemortem cadaver 
head (Fig 3g to i). The polarisation micros
copy showed reflection patterns corresponding 
to metal particles. These particles were most 
abundant in the postmortem on the side where 
implants were placed and removed. However, 

Fig 2a–i  Schematic drawing of the experimental edentulous mandible splitmouth postmortem model and balanced fast field echo magnetic 
resonance imaging analysis with colour mapping: (a to c) before the implant placement; (d to f) with implants in place; (g to i) after removal of the 
implants. Metal artefacts (signal voids surrounded by circular high signal intensity areas) are noticed around the implants when in place and after 
removal of the implants (arrows), as well as on the left side where only a drill sequence was performed without placing implants.

Free of metal

With implants

Without implants

a cb

d fe

g ih
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Fig 3a–i  Consecutive magnifications (2.5x – 40x – 63x) of haematoxylin and eosin (h&e) staining showing: (a to c) metal debris in the postmortem 
model where a drill sequence with implant placement was applied; (d to f) metal debris in the postmortem model where only a drill sequence was 
applied; (g to i) metal debris at the boneimplant interface in the antemortem model.
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the debris was also identified on the side where 
only a drill sequence was used without placing 
implants. In the antemortem model, no apparent 
immune reaction was identified near the implant 
surface or around the debris. No other foreign 
bodies were identified in the histological slices.

Discussion

This proofofconcept study confirms, by histo
logical analysis, the release of metal debris at the 
boneimplant interface, causing MRI artefacts. 
Dental implants are often used in dental rehabili
tation procedures in which patients may require 
followup imaging. First and foremost, the metal 
itself does not generate any MRI signal, so it 
appears dark on MR images. This contrasts with 
radiographic and tomographic images in which 
dense materials, with high atomic numbers, 
appear as bright objects. Secondly, MRI arte
facts show different behaviour and distribution 
compared with CBCT and computed tomog
raphy. In the present study, the right side of the 
postmortem model generated larger artefacts, 
whereas the contralateral side, where only a drill 
sequence was performed, generated small signal 
void areas with a pileup of artefacts. It is im
portant to consider that small metal particles 
may not be detectable on routine radiography, 
yet those small particles may be dense enough 
to cause artefacts on MRI.

In MRI images, the strength of artefacts 
depends on many factors including the magnetic 
field, pulse sequence, echo time, image resolution, 
imaging plane, amount and shape of the dental 
material and distance between the object of inter
est and the material10,11. In the present study, arte
facts were observed around the titanium implants 
before and after removal of the implants, but also 
on the left side of the mandible, where only the 
drill sequence was used, which confirms that drills 
may also release some particles; this justifies the 
presence of artefacts on the patient case.

It is well known that the configuration and 
the extent of artefacts on MRI depend on the 
material properties and the sequence selected. In 

the present study, the artefacts appeared when 
using a BFFE sequence. According to the litera
ture, when rapid scanning sequences such echo
planar imaging (EPI) and fast imaging employ
ing steadystate acquisition (FIESTA) or BFFE, are 
required and metallic materials such as titanium, 
nickelchromium and cobaltchromium alloy are 
present, it may be necessary to extract these 
materials before scanning11. However, this is not 
possible in the case of dental implants placed in 
the jaws.

To the best of the present authors’ knowledge, 
this is the first report describing the presence of metal 
deposition around dental implants in human cadav
ers using MRI and histological analysis. Another 
study evaluated debris after socket preparation in 
sheep using scanning electron microscopy (SEM) 
but did not evaluate the content of the debris12. 
Most studies using SEM focus on the implant sur
face but do not assess the release of metal particles 
in the surrounding tissues1315. Additionally, it is 
known from other medical fields, such as orthopae
dics, that metal oxides are indeed released into the 
surrounding tissues and that they may be toxic1,16

18. Due to this fact, further studies are required to 
address the clinical significance and evaluate pos
sible risk factors and preventive measures.

Currently, the amount of titanium in products 
has increased, thereby providing more opportuni
ties for humans to be sensitised to this metal19. 
In the last two decades, the risks associated with 
titanium exposure have been questioned. Several 
studies have reported cases of metal allergy caused 
by titaniumcontaining materials. The detailed 
mechanism of action of allergy and hypersensitiv
ity towards metal materials is not known; however, 
some authors speculate that the total amount of 
exposure to specific metallic ions is an important 
risk factor.

Another important factor that affects osseoin
tegration, and which may play a role in the release 
of metal particles, is the technique used for the 
implant site preparation. In this pilot experiment, 
a conventional progressive drilling technique was 
performed by the same surgeon. This technique 
uses successively increasingdiameter clockwise 
twisted drills, rotating from 800 rpm to 1500 rpm 
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under abundant irrigation to avoid overheating of 
the bone and drill. Other studies aim to assess 
and improve osseointegration and overcome some 
technique sensitivities of the conventional drilling 
procedure, such as the risk of bone necrosis, risk of 
damaging to adjacent structures, and drilling preci
sion20. However, there are no studies comparing 
techniques and risk of release of metal debris and 
its clinical consequences.

Conclusions

Based on these findings, the actual nature of 
the metal debris cannot be concluded. Do they 
originate from the drills, from the implants or 
from both? How small are these metal particles 
and their material characteristics? How do size 
and material properties behave between differ
ent image modalities? Therefore, future studies 
should investigate the clinical significance, local 
tissue response, possible risk factors, and preven
tive measures.

References
1. Kovochich M, Finley BL, Novick R, et al. Understanding 

outcomes and toxicological aspects of second generation 
metalonmetal hip implants: a stateoftheart review. 
Crit Rev Toxicol 2018;48:853–901.

2. Hosoki M, Nishigawa K, Miyamoto Y, Ohe G, Matsuka Y. 
Allergic contact dermatitis caused by titanium screws and 
dental implants. J Prosthodont Res 2016;60:213–219.

3. Uter W, Werfel T, White IR, Johansen JD. Contact allergy: 
a review of current problems from a clinical perspective. 
Int J Environ Res Public Health 2018;15:pii:E1108.

4. HenstenPettersen A. Casting alloys: sideeffects. Adv 
Dent Res 1992;6:38–43.

5. St. Pierre CA, Chan M, Iwakura Y, Ayers DC, KurtJones 
EA, Finberg RW. Periprosthetic osteolysis: characterizing 
the innate immune response to titanium wearparticles. 
J Orthop Res 2010;28:1418–1424.

6. Williams DF. Definitions in biomaterials: proceedings of a 
consensus conference of the European Society for Biomat
erials, Chester, England, March 3–5, 1986. European Soci
ety for Biomaterials. Amsterdam; New York: Elsevier, 1986.

7. Chaturvedi TP. An overview of the corrosion aspect of 
dental implants (titanium and its alloys). Indian J Dent Res 
2009;20:91–98.

8. Williams DF. Titanium: epitome of biocompatibility or 
cause for concern. J Bone Joint Surg Br 1994;76:348–349.

9. ASTM standard F 218202a. Standard test method for 
measurement of radio frequency induced heating near 
passive implants during magnetic resonance imaging. 
West Conshohocken: ASTM International, 2002;1–14.

10. Schenck JF. The role of magnetic susceptibility in magnetic 
resonance imaging: MRI magnetic compatibility of the 
first and second kinds. Med Phys 1996;23:815–850.

11. Murakami S, Verdonschot RG, Kataoka M, Kakimoto N, 
Shimamoto H, Kreiborg S. A standardized evaluation of 
artefacts from metallic compounds during fast MR im
aging. Dentomaxillofac Radiol 2016;45:20160094.

12. Pourdanesh F, Jafarian M, Shariati M, Sharifi D, Khojasteh 
A. Scanning electron microscope evaluation of dental im
plant socket hole: drilling versus osteotome technique. 
J Craniofac Surg 2016;27:e497–e500.

13. ElMekawy N, Fouad MM, ElHawary YM, AlShahat MA, 
ElGendy R. Scanning electron microscopy observations of 
osseointegration failures of dental implants that support 
mandibular overdentures. Implant Dent 2013;22:645–649.

14. Daood U, Bandey N, Qasim SB, Omar H, Khan SA. Sur
face characterization analysis of failed dental implants 
using scanning electron microscopy. Acta Odontol Scand 
2011;69:367–373.

15. ElMekawy N, Fouad MM, ElHawary YM, AlShahat MA, 
ElGendy R. Scanning electron microscopy observations 
of osseointegration failures of dental implants that sup
port mandibular overdentures. Implant Dent 2013;22: 
645–649.

16. Meachim G, Williams DF. Changes in nonosseous tis
sue adjacent to titanium implants. J Biomed Mater Res 
1973;7:555–572.

17. Ferguson AB, Akahoshi Y, Laing PG, Hodge ES. Character
istics of trace ions released from embedded metal implants 
in the rabbit. J Bone Joint Surg 1962;44:323–336.

18. Sundgren JE, Bodö P, Lundström I. Auger electron spectro
scopic studies of the interface between human tissue and 
implants of titanium and stainless steel. J Colloid Interface 
Sci 1986;110:9–20.

19. Hosoki M, Nishigawa K, Miyamoto Y, Ohe G, Matsuka Y. 
Allergic contact dermatitis caused by titanium screws and 
dental implants. J Prosthodont Res 2016;60:213–219.

20. Tretto PHW, Fabris V, Cericato GO, SarkisOnofre R, 
Bacchi A. Does the instrument used for the implant site 
preparation influence the boneimplant interface? A sys
tematic review of clinical and animal studies. Int J Oral 
Maxillofac Surg 2019;48:97–107.



Int J Oral Implantol 2019;12(3):349–356

Van der Cruyssen et al  Metal debris after dental implant placement

356

Fréderic Van der Cruyssen, MD
OMFS IMPATH Research Group, Depart
ment of Imaging and Pathology, Faculty 
of Medicine, KU Leuven, Leuven, Bel
gium; Department of Oral and Maxillofa
cial Surgery, University Hospitals Leuven, 
Leuven, Belgium

Karla de Faria Vasconcelos, MD, PhD 
OMFS IMPATH Research Group, Depart
ment of Imaging and Pathology, Faculty 
of Medicine, KU Leuven, Leuven, Belgium

Pieter-Jan Verhelst, MD
OMFS IMPATH Research Group, Depart
ment of Imaging and Pathology, Faculty 
of Medicine, KU Leuven, Leuven, Bel
gium; Department of Oral and Maxillofa
cial Surgery, University Hospitals Leuven, 
Leuven, Belgium

sohaib shujaat, Msc
OMFS IMPATH Research Group, Depart
ment of Imaging and Pathology, Faculty 
of Medicine, KU Leuven, Leuven, Belgium

Anne-Marie Delsupehe, MD
Department of Imaging and Pathology, 
KU Leuven and University Hospitals Leu
ven, Leuven, Belgium

Esther Hauben, MD, PhD
Department of Imaging and Pathology, 
KU Leuven and University Hospitals 
 Leuven, Leuven, Belgium

Kaan Orhan, DDs, Msc, MHM, PhD, 
BBAc
OMFS IMPATH Research Group, Depart
ment of Imaging and Pathology, Faculty 
of Medicine, KU Leuven, Leuven, Bel
gium; Department of Dentomaxillofacial 
Radiology, Faculty of Dentistry, Ankara 
University, Ankara, Turkey

Constantinus Politis, MD, DDs, 
MHA, MM, EBOMFs, PhD
OMFS IMPATH Research Group, Depart
ment of Imaging and Pathology, Faculty 
of Medicine, KU Leuven, Leuven, Bel
gium; Department of Oral and Maxillofa
cial Surgery, University Hospitals Leuven, 
Leuven, Belgium

Reinhilde Jacobs, DDs, Msc, PhD
OMFS IMPATH Research Group, 
Department of Imaging and Pathology, 
Faculty of Medicine, KU Leuven, Leuven, 
Belgium; Department of Dental Medicine, 
Karolinska Institutet, Stockholm, Sweden

Fréderic Van der 
Cruyssen

Correspondence to: 
Fréderic Van der Cruyssen, Department of Oral & Maxillofacial Surgery, OMFSIMPATH Research Group, University 
Hospitals of Leuven, Kapucijnenvoer 33, BE3000 Leuven, Belgium. Email: frederic.vandercruyssen@uzleuven.be

mailto:frederic.vandercruyssen@uzleuven.be


Register Now!

The Superb Clinician Redefined: 
Acquire the Skills

Avishai Sadan, DMD, MBA

Sillas Duarte, Jr, DDS, MS, PhD

The 26th International
Symposium on Ceramics2020

SHERATON SAN DIEGO HOTEL & MARINA   |  JUNE 12–14, 2020

Register: www.quintpub.com/ISC

Spanish 

Translation 

Available

attended by prosthodontists and lab technicians from around the world

Featured Speakers:

Leonardo Bacherini
Markus B. Blatz
Victor Clavijo

Mauro Fradeani 
Iñaki Gamborena
Galip Gürel

Ricardo Mitrani 
Andrea Ricci 
Eric Van Dooren

... and more!

CALL: (800) 621-0387 (toll free within US & Canada) • (630) 736-3600 (elsewhere) 7/19

FAX: (630) 736-3633   EMAIL: service@quintbook.com   WEB: www.quintpub.com
QUINTESSENCE PUBLISHING CO INC, 411 N Raddant Rd, Batavia, IL 60510

http://www.quintpub.com/ISC
mailto:service@quintbook.com
http://www.quintpub.com


www.quintessenz.de buch@quintessenz.de

Giorgio Tabanella

Retreatment of Failures 
in Dental Medicine –
A Surgical Atlas
Step-by-Step Clinical Procedures 

200 pages, 456 illus.
ISBN 978-1-78698-094-6
£78 | € 89 

NOVEL SURGICAL 
APPROACHES

Modern dentistry increasingly 
faces mistreatments, 
complications, failures, 
and iatrogenic damages. 
The sharing of protocols, 
techniques, instruments, 
materials, and innovations 
is valuable for successful 
retreatment. This book 
describes novel oral surgery 
approaches and looks at how 
failures can be retreated with 
minimally invasive step-by-step 
surgical approaches, with the 
ultimate goal of the best and 
longest-lasting biomimetics for 
our patients.

N
EW

 +49 (0)30 76180-667

http://www.quintessenz.de
mailto:buch@quintessenz.de


Int J Oral Implantol 2019;12(3):359–372 359

 ORIGInAL ARTICLE

KEY WORDs  
bone resorption, edentulous patient, maxillary advancement, maxillary atrophy, zygomatic 
 implant placement

ABsTRACT
Purpose: To illustrate the workflow for simultaneous LeFort I maxillary advancement and zygo
matic implant (ZI) placement.
Materials and methods: Three consecutive patients referred for the rehabilitation of the severely 
atrophic maxilla were treated with simultaneous LeFort I maxillary advancement and ZI place
ment. An evaluation of the treatment protocol was carried out to validate the proposed work
flow: indications, treatment planning, surgical splint manufacturing, surgical procedure and pros
thetic loading.
Results: Maxillary reposition was carried out according to the previous virtual planning. Conse
quently, in all cases extrasinusal or sinus slot paths were used, proper emergence of the implant 
platform fully surrounded by alveolar bone was ensured, and fullarch rehabilitation supported by 
ZI was performed. A straight facial profile was achieved postoperatively in all cases and no surgical 
complications were noted. No resorption of maxillary distal bone was evident at the end of the first 
year of followup. However, a mean relapse of −4.3 mm (−10.06%) was evidenced for maxillary 
downward movement, and conversely, an extraforward maxillary movement was observed (mean 
+1.4 mm, +82.8%) in all cases.
Conclusions: Besides restoring oral function and aesthetics, this technique avoids donor site mor
bidity, decreases surgical time, and shortens the overall rehabilitation period.

Conflict of interest statement: The authors have no financial interests to declare regarding the 
contents of this article.
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Maria GiraltHernando, Raquel GuijarroMartínez, Pelayo SiciliaBlanco, Natalia VenturaMartínez, 
Adaia VallsOntañón

Rehabilitation of the severely atrophic maxilla using 
LeFort I maxillary advancement and simultaneous 
zygoma implant placement: Proof of concept

Introduction

Resorption of the maxillary alveolar process after 
tooth loss leads to a threedimensional (3D) atro
phy that is worsened by the pneumatisation of the 
maxillary sinuses. Rehabilitation of these cases is a 
great challenge both from a surgical and prosthetic 
perspective.

To date, several strategies have been described 
for bone regeneration prior to conventional im
plant placement, namely LeFort I osteotomy with 
downward and forward repositioning of the max
illa alone or in combination with interpositional 
bone grafting, distraction osteogenesis, inlay 
grafting to the maxillary antrum and nasal floor, 
and onlay grafts of several origins13. All of these 
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protocols involve various surgical procedures with 
high surgical morbidity and a complex, long pros
thetic rehabilitation process.

Since the introduction of zygomatic implant (ZI) 
by Brånemark4, several authors have defended this 
approach as an effective solution to fully rehabili
tate the severely atrophic maxilla5. Additionally, ZI 
offers the possibility of immediate loading, thereby 
guaranteeing a shorter provisionalisation process. 
The original procedure defined by Brånemark4 
consisted of the insertion of a 35 to 55 mmlong 
implant anchored in the zygomatic bone follow
ing an intrasinusal trajectory, which required fen
estration of the maxillary sinus to allow the implant 
platform to emerge in the palatal cortex of the al
veolar crest. However, it is well acknowledged that 
the palatal emergence of the ZI renders prosthetic 
re habilitation uncomfortable for both the clinician 
and patient, due to compromised cleaning and dic
tion, respectively6. Moreover, it has been suggested 
that intrasinusal installation of the ZI may lead to 
sinusrelated complications5,7. Thus, several techni
cal modifications such as sinus slot and extrasinus 
techniques have been proposed79. Furthermore, 
currently there is consensus in choosing a prosthet
icallyguided position, and placing the implant plat
form as centred as possible in the residual crest of 

the alveolar ridge and completely surrounded by 
bone, with the implant being extrasinusal in most 
cases79.

To conduct the ZI with a welldesigned pros
thesis is a nongrafting option for the edentulous 
patient with maxillary vertical and transversal skel
etal discrepancy and mild sagittal atrophy. How
ever, severe sagittal discrepancy continues to be an 
unsolvable problem if onlay grafts are not placed 
in the premaxilla. In this context, Nocini et al10 
proposed the LeFort I maxillary advancement with 
simultaneous ZI placement without bone grafting. 
The aim of this paper is to support simultaneous 
LeFort I maxillary advancement and ZI placement 
and add certain technical modifications, such as 
using the distal maxillary segment as a ‘pedicled 
onlay bone graft’. For this purpose, the workflow 
followed in three cases is described in depth, cov
ering the indications, treatment planning, surgical 
splint manufacturing, surgical procedure, prosthetic 
loading, and followup.

Materials and methods

Three consecutive patients were referred for the 
rehabilitation of the severely atrophic maxilla11. 

a

cb

Fig 1a-i  Preop
erative facial and 
intraoral pictures 
and panoramic 
radiographs of each 
patient.
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All the patients were treated with simultaneous 
LeFort I maxillary advancement and ZI placement. 
An evaluation of the treatment protocol followed 
in all the three cases was carried out to validate the 
proposed workflow. 

Patient selection and diagnostic work-up
The inclusion criteria were as follows: patients who 
presented a 3D severe maxillary hypoplasia and 
concave facial profile, who required full maxillary 
arch dental rehabilitation (Fig 1). Patients who did 
not agree with the surgical or implant treatment 
were excluded. The Helsinki Declaration guidelines 

d

fe
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on medical protocol and ethics were followed at 
all treatment phases. A specific written informed 
consent was obtained.

The diagnostic workup consisted of physical 
intraoral and facial examination with intraoral and 
facial photographic records, cone beam computed 
tomography (CBCT) examination (iCAT, Imaging 
Sciences International, Hatfield, USA), and the use 
of plaster dental casts.

Full denture wax try-in and bite registration

Once the residual vertical dimension was deter
mined, the vertical dimension of the occlusion plus 
the interocclusal space, and the sagittal and vertical 
maxillomandibular relationship were simulated on 
the articulator using a teeth tryin. Subsequently, 
the teeth tryin was checked in the patient. Thus, 
the amount of required maxillary movement was 
established (Fig 2).

The teeth tryin was scanned digitally in order 
to superimpose the final occlusion on the CBCT, 
and thus proceed with virtual planning of the sur
gical procedure.

Virtual surgical planning

A specific dental imaging communication 
(DICOM)managing software was used for the 3D 
planning of the LeFort I osteotomy and the implant 
placement (SimPlant O&O version 13.0, Dentsply, 
Leuven, Belgium). First, the previously estimated 

amount and direction of maxillary repositioning 
required to address the maxillary sagittal hypo
plasia with the tryin procedure was transferred. 
Then, both zygoma and conventional implant 
placement were planned ensuring proper 3D 
emergence of the implant platform. At this point, 
if any further movement of the maxillary bone 
was necessary to achieve a proper emergence of 
the implant platform fully surrounded by alveolar 
bone, it was added (Fig 3).

In addition, surgical provisional prostheses were 
manufactured as occlusal splints, and rigid fixation 
miniplates with the proper bridge were selected 
according to the amount of maxillary advance
ment.

surgery

Surgery was performed under general anaesthesia. 
A bilateral maxillary crestal incision was made and 
a mucoperiosteal flap was elevated up to the 
zygomatic buttress and palatally. Subsequently, a 
LeFort I osteotomy was performed with an oscillat
ing reciprocating saw. Pterygomaxillary disjunction 
was achieved using a straight osteotome through 
an anterior approach, whereas maxillary down
fracture was completed by inwardly rotating the 
osteotome (anchored at the zygomatic buttress) 
or using the socalled ‘twist technique’ described 
elsewhere12. The osteotomised maxilla was repos
itioned with the aid of the previously customised 
provisional prosthesis, and fixed with screws to 
the bone to increase its stability (Fig 4). Subse
quently, a rigid fixation was carried out with the 
miniplates selected in advance with proper bridge 
and monocortical screws (Osteomed, Addison, 
TX). The interosteotomy sites were filled with 
interpositional block bone grafts (OsteoBiol, Sp
Block, Tecnoss, Italy).

If placement of conventional dental implants in 
the anterior maxilla was planned, it was carried out 
at this point. Prior to the ZI placement, both infra
orbital nerve foramina and zygomatic buttresses 
were identified. Extrasinusal or sinus slot paths 
were used for the ZI placement, which enabled 
the surgeon to avoid creating a sinusal window 
and to have full direct visualisation of the tip of the 

Fig 2  Simulation 
on the articulator 
using a teeth tryin 
in case 2.

11 mm

14 mm



 HernándezAlfaro et al  Maxillary advancement and zygoma implant placement

Int J Oral Implantol 2019;12(3):359–372 363

Fig 3a-f  Virtual 
surgical planning of 
each patient.  
(a and b) Case 1;  
(c and d) Case 2;  
(e and f) Case 3.

a b

c d

e f

Fig 4  Maxillary 
reposition using 
a customised 
provisional pros
thesis fixed with a 
screw to the bone 
(case 3).
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implant drill at all times, to ensure a proper ZI tra
jectory. The parallelism between the implant heads 
was checked bilaterally. Then, a gentle dissection 
of both buccal fat pads was performed, and these 
were repositioned over the most lateral aspects of 
the maxilla, thereby achieving a good coverage 
of the extrasinus path of the ZI with soft tissue 
thickening and mucosal reinforcement especially 
at the uppermost buccal sulcus area (Fig 5). Abut
ment screws were placed on each implant and the 
mucoperiosteal flaps were readapted and sutured 
back into position with resorbable sutures (Vicryl 
4.0, Ethicon, Sommerville, NJ, USA).

A closedcircuit coldwater mask (17ºC) was 
worn during the first postoperative day. The 

following drugs were prescribed during the first 
10 postoperative days: 500/125 mg amoxicillin/
clavulanic acid antibiotics (every 8 hours); 25 mg 
dexketoprofen antiinflammatory (every 8 hours); 
and 575 mg metamizole analgesic (every 8 hours).

Prosthetic loading

Impressions of both arches and a bite registration 
were obtained immediately after the surgery to 
manufacture a provisional fixed prosthesis. The 
maxillomandibular relationship was determined 
based on the preoperative teeth tryin, which was 
used to simulate and plan the surgery. The teeth 
tryin was adapted to create the space for the 

Fig 5a-e  Intra
operative pictures of 
each case showing 
maxillary reposition, 
implants placement 
and the Bichat’s fat 
pad flap used.  
(a) Case 1;  
(b to d) Case 2;  
(e) Case 3.

a b

c d

e
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transepithelial abutments to ensure correct fitting 
in the maxilla. Then, the bite registration was per
formed. The provisional prosthesis was delivered 
24 hours after the surgery (Fig 6).

Postoperative evaluation

Eventual complications and postsurgical stability 
were evaluated at the end of the first week, first 
month, and at 6 months and 1 year followup 
appointments (Fig 7); and two control CBCT scans 
were performed at the end of the first month (T1) 
and the end of the first year (T2) of the followup.

To evaluate the stability of maxillary advance
ment and an eventual resorption of the distal 
maxillary segment used as a ‘pedicled onlay bone 

graft’, the two postoperative CBCT exams (iCAT, 
VisionQ Version 1.8.0.5) obtained at two specific 
time points (T1 and T2) were carried out. CBCTs 
were obtained in the DICOM format and pro
cessed with a specific thirdparty software (Dol
phin 3D Orthognathic Surgery Planning Software, 
version 11.8, in a Pentium 4 Processor 3.8 GZ, W/
SP5 Windows XP Professional, 120 GB memory, 
2 GB RAM). A 3D volume was created with the 
hard tissue reconstruction for the T1 and T2 data
bases. The 3D superimposition and dimensional 
comparisons were performed by means of surface 
matching between different datasets (Fig 8).

To evaluate the postsurgical stability the follow
ing linear measurements were conducted at the 
maxillary midline, in all three spatial planes:

a b

Fig 6a-b  Provi
sional prosthesis 
loaded 24 hours 
after surgery in  
(a) case 2 and  
(b) case 3.

cb

a

Fig 7a-i  Post
operative facial and 
intraoral pictures 
and panoramic 
radiographs of each 
patient.
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Fig 7d-i   Post
operative facial and 
intraoral pictures 
and panoramic 
radiographs of each 
patient.

fe

d

ih

g

• Sagittal plane: projected distance from Apoint 
to nasion perpendicular (ANper).

• Transverse plane: distance between both 
greater palatine foramina (PFRPFL).

• Vertical plane: perpendicular distance from 
Apoint to the Frankfort horizontal plane 
through nasion (AFHN).

In addition, the following 3D maxillary measure
ments were taken to assess the maxillary resorp
tion:
• Sagittal plane: distance between the posterior 

nasal spine (PNS) and Apoint (PNSA).
• Transverse plane: distance between both 

greater palatine foramens (PFRPFL).
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Fig 8a-f  Superim
position of the two 
postoperative CBCT 
images of each 
patient in order to 
evaluate implant 
stability, maxillary 
movement relapse 
and maxillary 
resorption. White 
represents the CBCT 
taken at the end of 
the first month of 
followup (T1); and 
green is the CBCT 
taken 1 year after 
the procedure (T2): 
(a and b) Case 1;  
(c and d) Case 2;  
(e and f) Case 3..

e f

a b

c d

• Vertical plane: length of the anterior cortical of 
the incisive fossa (IF).

statistical analysis

Statistical analysis was carried out using SPSS for 
Windows (version 15.0.1, SPSS, Chicago, IL). 

Descriptive statistics were used for the quantita
tive analysis. Each patient’s percentage variation 
in maxillary surgical movements (relapse) was cal
culated as follows: [1year postoperative Apoint 
position × 100/1month postoperative Apoint 
position].
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Results
The three clinical cases presented here are summa
rised in Table 1 and illustrated in Fig 1. The sample 
under study comprised two male patients and a 
female patient with a median age of 50.7 years of 
age (from 45 to 56 years). Apart from their need 
for complex oral rehabilitation, all the patients 
complained of a concave facial profile and, as 
planned, a straight facial profile was achieved post
operatively in all cases. Regarding surgery, extrasi
nusal or sinus slot paths were used in all cases, and 
proper emergence of the implant platform fully 
surrounded by alveolar bone was ensured. Two 
protocols for fullarch rehabilitation supported 
by the ZI were used depending on whether con
ventional implants could be placed in the anterior 

region of the maxilla or not. Two cases were solved 
using two posterior ZI in combination with four 
conventional fixtures in the anterior maxilla, and 
the remaining case through four ZI (quadruple ZIs 
protocol).

The postoperative pictures and followup 
records are shown in Fig 7 and Table 2, respect
ively. No surgical complications, such as infraorbital 
nerve (V2) damage and orbital, infratemporal 
fossa or intracranial involvement, were noted. The 
immediate postoperative courses were unevent
ful. Two conventional implants placed in the an
terior maxilla in case 2 failed. However, the pros
thetic loading was carried out successfully with the 
remaining two ZI and two conventional implants in 
the anterior maxilla.

Table 1   Descriptive analysis of each patient and surgery performed in each case

Case Age 
(y)

Gender Initial situation Initial/final facial 
profile

Maxillary 
 reposition

number of maxillary 
implants

ZI: position (length, mm)
(Brand)

1 45 M Partially edentulous + 
periodontal disease

Concave/straight Advancement + 
downwards

2 ZI + 4 anterior 
 conventional implants

#16: 45 mm
#26: 50 mm
(Nobel Biocare, Gothenburg, 
Sweden)

2 56 M Fully edentulous Concave/straight Advancement + 
downwards

2 ZI + 4 anterior 
 conventional implants

#16: 52.5 mm
#26: 52.5 mm
(Neodent, Curitiba, Brazil)

3 51 F Fully edentulous Concave/straight Advancement + 
posteriorly 
downwards

4 ZI #13: 50 mm
#16: 45 mm
#23: 52.5 mm
#26: 50 mm
(Neodent, Curitiba, Brazil)

ZI, zygomatic implant.

Table 2  Prosthetic and loading aspects and followup for each case

Case Loading protocol Provisional 
 prosthesis

Permanent  prosthesis Follow-up 
(months)

number ZI 
failure

ZI survival 
rate

1 Immediate Acrylic resin Fixed white and pink aesthetics with titanium 
framework

45 0 100%

2 Immediate Acrylic resin Fixed white and pink aesthetics with titanium 
framework

18 0 100%

3 Immediate Acrylic resin Fixed white and pink aesthetics with titanium 
framework

12 0 100%

ZI, zygomatic implant.
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Eventual complications and the surgical stabil
ity were assessed through clinical and radiological 
controls (Fig 8 and Table 3). Regarding the implant 
stability, apart from the abovementioned failure of 
2 implants, they were well positioned and osseoin
tegrated, no periimplant mucositis and mucosal 
dehiscence were observed, and no sinus pathology 
was detected. On the other hand, with regards to 
maxillary bone reposition, no resorption of maxil
lary distal bone was evident at the end of the first 
year of followup. However, a mean relapse of 
–4.3 mm (–10.06%) was evidenced for maxillary 
downward movement, and conversely, an extra
forward maxillary movement was observed in all 
cases (mean +1.4 mm, + 82.8%) (Table 3).

The patients’ and surgeon’s degree of satis
faction with the aesthetic and functional results 
was excellent: an attractive smile and more youth
ful appearance were achieved while restoring an 
appropriate occlusion (Fig 7).

Discussion

So far, the ZI is considered a predictable treatment 
option for patients with an atrophic maxilla. How
ever, in the most severe cases of maxillary bone 
deficiency, additional bone grafting procedures are 
required in order to facilitate an ideal 3D implant 
placement in terms of implant survival rate, pros
thetic oral rehabilitation and biological complica
tions13.

Since the first description of ZI by Brånemark4 
for a full rehabilitation of the severely atrophic 
maxilla, several technical modifications have 
been reported in order to avoid its two main 
drawbacks: sinus and palatal emergencerelated 
problems79.

Postsurgical sinus disease has been reported as 
one of the major biological complications of the 
ZI technique13. Hence, the sinus slot and extrasi
nus techniques79 have been proposed. In the 

Table 3  Measurements to evaluate maxillary reposition stability and distal maxillary segment resorption

Case Presurgery 1-month 
follow-up

A-nper A-FHn PFR-PFL Pns-A IF A-nper A-FHn PFR-PFL Pns-A IF

1 –5.3 51.2 25.4 48.0 15.3 9.5 52.5 25.4 48.1 15.1

2 –3.9 57.8 26.0 50.5 14.0 11.9 60.9 26.0 50.3 14.1

3 –1.2 46.0 24.5 50.1 13.5 10.8 47.9 24.5 50.5 13.8

1-year follow-up surgical movement Relapse Maxillary 
resorp-
tion

Case A-nper A-FHn PFR-PFL Pns-A IF sagittal Vertical Trans-
versal

sagittal Vertical Trans-
versal

1 7.8 54.8 25.4 47.9 15.3 1.3 14.8 0 +2.3 
+176.9%

–1.7
–11.4%

0 None

2 10.5 62.8 26.0 50.5 14.0 3.1 15.8 0 +1.9 
+61.2%

–1.4 
–8.8%

0 None

3 9.6 48.1 24.5 50.5 13.7 1.9 12.0 0 +0.2 
+10.5%

–1.2 
–10%

0 None

ANper, Apoint to nasion perpendicular; AFHN, Apoint to the Frankfort horizontal plane through nasion; PFRPFL, transverse plane (distance between 
both greater palatine foramina); PNSA, sagittal plane (distance between the posterior nasal spine [PNS] and Apoint); IF, vertical plane (length of the 
 anterior cortical of the incisive fossa).
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present case series, an extrasinusal placement of 
the ZI was carried out. In this sense, and unlike the 
Nocini et al10 technique, the window across the 
upper aspect of the maxillary buttress to support 
correct intrasinus ZI path was avoided, thereby 
reducing the operative time and sinus morbidity8.

On the other hand, achieving a proper emer
gence of the implant platform, that is, as centred 
as possible in the residual crest of the alveolar ridge 
and completely surrounded by bone, is a major 
challenge when placing a ZI79. In cases where 
the lateral maxillary wall is grossly concave or a 
severe maxillary atrophy exists, the platform and 
the threads of the implant may be subperiosteal 
and not supported by bone. This may lead to 
drawbacks in terms of periimplant mucositis and 
mucosal dehiscence, in spite of implant ‘coverage 
manoeuvres’ such as advancement flaps, buccal 
fat pad or AlloDerm placement14. In this context, 
the lack of transversal maxillary bone support can 
be solved with a concomitant LeFort I maxillary 
advancement, where the backmost (and widest) 
area of the maxilla is brought forward.

As highlighted in the present protocol, com
puterassisted virtual planning and prefabricated 
surgical splints were essential tools to ensure the 
proper implant emergence and corresponding 
maxillary advancement reposition15. During the 
computerassisted preoperative planning of the 
abovepresented cases, the software evidenced 
that the ZI did not contact any maxillary support
ing surface transversally, suggesting the need for a 
bone graft. Nevertheless, it could be verified that 
the maxillary advancement by means of a LeFort 
I osteotomy could be used as a bone graftsub
stitute to address the lack of transversal alveolar 
bone support, thus, improving the transversal ZI 
platform emergence and the final stability. This is 
the main difference from the methodology pro
posed by Nocini et al10, who reports an implant 
platform emergence in the palatal cortical bone of 
the alveolar crest following the intrasinus ZI path.

Besides addressing transversal maxillary defi
ciency, severe maxillary atrophy requires a holistic 
3D approach. Vertical defects can be easily man
aged prosthetically with full arch metalresin (clas
sically known as hybrid prosthesis), metalceramic 

or zirconia prostheses, restoring the pink and 
white aesthetics. In cases where labial support is 
needed, an overdenture is indicated to restore the 
aesthetics while allowing correct hygiene. None
theless, focusing specifically on the reconstruc
tion of severe anterior maxillary defects, and thus, 
sagittal maxillary atrophy, there are few nongraft
ing options. The placement of four ZI (quadruple 
ZIs approach16) with a welldesigned prosthesis, 
represents a reliable treatment approach for the 
reconstruction of anterior maxillary defects with 
mild sagittal atrophy13. However, the lack of any 
maxillary supporting bone in severe sagittal atro
phies represents an unsolvable problem without 
premaxilla onlay grafts, or the abovementioned 
simultaneous LeFort I maxillary advancement tech
nique10. Accordingly, the distal maxillary segment 
moved forward was used as a ‘pedicled onlay bone 
graft’. Since autologous corticocancellous bone 
blocks from a donor site are the gold standard 
grafting option because the maxilla offers only 
small amounts of mainly cancellous autografts, 
this is an exceptional situation17. Moreover, this 
source has as advantages the proximity of donor 
and recipient sites, convenient surgical access, and 
low morbidity18.

There are two protocols for fullarch rehabilita
tion supported by the ZI: using four ZI (quadruple 
ZIs16); or two posterior ZIs in combination with at 
least two conventional fixtures in the anterior max
illa. Although the ZI has been reported to have a 
high survival rate, of 96.7% to 100%13,14,19, while 
standard implants in the anterior atrophic maxilla 
(either with or without bone grafting) have shown 
a relatively high failure rate, of 8% to 27%19, there 
is still limited evidence to demonstrate a better 
survival rate of one technique over the other when 
considering ZI protocols13.

When the quadruple ZIs protocol is used, the 
implant platform emergence is usually located at 
the level of the lateral incisor or canine and second 
premolar or first molar, for the anterior and pos
terior ZI, respectively. Computerguided ‘flapless’ 
surgery using stereolithographic templates is not 
recommended for ZI placement, because direct 
visualisation of the path of the drills is impera
tive to avoid potential major complications such as 
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infraorabital nerve (V2) damage, and involvement 
of the orbit, infratemporal fossa or cranial base. 
Thus, the use of surgical splints for the ZI installa
tion is only recommended for marking the location 
of implant emergence, if necessary.

As the distal maxillary segment was used as a 
‘pedicled onlay bone graft’, its eventual resorption 
rate was evaluated. Fortunately, maxillary bone 
resorption could be ruled out since both postoper
ative CBCTs, performed 1 month and 1 year after 
the procedure, matched perfectly on superimposi
tion. However, a longterm followup evidenced a 
light vertical relapse of –4.3 mm (–10.06%) for the 
maxillary downward movement. Conversely, an 
extraforward movement in the sagittal plane was 
observed, probably due to the occlusal stabilisa
tion effect of the prosthetic loading. In spite of the 
vertical relapse, the implant emergence was not 
modified, nor were more implant threads exposed. 
Nevertheless, further studies using longer follow
up periods and randomised controlled trials are 
required, to assess the longterm effect of this 
technique on the 3D stability of the maxillary bone 
atrophy and ZI survival rate.

Finally, the precise virtual planning and malar 
bone anchorage granted primary implant stabil
ity and therefore, immediate provisional prosthesis 
loading was achieved. This, in turn, shortens the 
edentulous period of the patient20.

Conclusions

Simultaneous maxillary advancement and ZI place
ment is an excellent surgical option for selected 
cases of severe maxillary atrophy. Besides achiev
ing successful functional and aesthetic oral rehabil
itation, this technique provides a high implant sur
vival rate, avoids donor site morbidity, decreases 
surgical time, and shortens the overall rehabilita
tion period.
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