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SUMMARY

Purpose: Given the lack of general consensus in the litgearegarding the best method to
rehabilitate partially edentulous patients witheexted atrophic edentulous sites in the posterior
zone of the mandible, and with a residual ridgelhteiess than 8 mm (with or without bone
augmentation procedures), the aim of this systematiew was to analyze all the relevant
randomized clinical trials (RCT), and, by meansiofieta-analysis of the collected data, draw
some conclusions regarding the best availableneyats for the rehabilitation of posterior

edentulism in partially dentate mandible.

Materialsand Methods: An electronic search was conducted in the MEDLENTE Cochrane
Oral Health Group databases for studies publisketaden January 2000 and September 2015
with the use of relevant keywords and hand-seagcifi identified publications were screened
by the authors according to the Cochrane Data &alle Form for Intervention Reviews.
Collected outcomes such as biological complicatieegtical ridge changes, implant and

prosthetic failure were studied by subgroups areaslys

Results: An initial search yielded 81 potential article§which 12 studies were chosen for
inclusion. Short implants seemed to be effectivinmiting incidence of the biological
complications (RR: 2.822; 95% CI: 1.809-4.403; 0.0001) and degree of ridge height

reduction (difference in means of 0.052 mm; 95%03026-0.079 mmp < 0.0001) when



compared with long implants placed in augmentedtbbnplants placed in augmented areas
with the use of onlay block grafts seemed to beheawse than implants placed in the
augmented sites regardless of the augmentatioeguoes. However, this difference did not

reach statistical significance.

Conclusion: Findings from subgroup analyses revealed (theshort implants placed in the
posterior atrophic areas of partially edentulousdifales were associated with superior

outcomes compared with long implants in augmentegpsuch as lower rate of biological
complications and of peri-implant bone loss; whe(@3 there was no evidence that onlay

augmentation was inferior to any of the other augaten techniques employed.
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INTRODUCTION

This paper sets out the results of a systematiewesf the literature on the best treatment to
rehabilitate posterior edentulism in the parti@tientulous mandibles. Treatment with
endosseous standard implants (also known as “loptants”) has been widely accepted as a
reliable and suitable method for oral rehabilitatad edentulous patients. Generally, the
placement of a standard length implant without baungmentation requires a minimum residual
bone height of 8 mm. However, a successful implaattment in the mandible can be limited in
posterior regions due to insufficient bone heiglttich substantially increases the risk of

damaging the inferior alveolar nenigafone et al.2012).

To overcome the issue of bone loss in long-ternmiedieus subjects many rehabilitation
strategies have been developed, from non-standeidmts placed in pristine bone to
replacement with long implants after bone augmentgiroceduresGalvo-Guirado et al.2015;
Esposito et a).2015). When the residual bone height above thedibalar canal ranged
between 6 and 8 mm, standard implants could nptdezed and the use of non-standard implants
(shorts or blades) might be considered clinicgtigrapriate without bone augmentatiatag
Neve et al.2006;Romeo et al.2014). Short implants were considered effectiveshabilitation
of patients with an atrophic posterior mandiblexytlvere well-tolerated by patients, inasmuch as
they were fast, cheap, and less prone to morlsdigieen if several authors did not agree upon
the long-term positive outcomes which were assediatith short implants. In fact some studies
reported that short implants, when they were placgubsterior jaws, achieved favorable
outcomes in terms of survival ra@raran et al. 2015;Schincaglia et a).2015;Thoma et al.

2015); however, other authors reported that shgotants exhibited a lower survival rate

compared to standard implag@ueiroz et al. 2015). Unfortunately, the availabfermation



was too weak to draw conclusions regarding the-teng prognosis for short implantSgposito

et al, 2014).

On the other hand, in patients whose residual riagght was less than 6 mm, bone
augmentation procedures became mandatmpoffini et al, 2014)even though it was unclear
which rehabilitation strategy was the best. Thersfas far as bone augmentation techniques are
concerned, this clinical scenario proved the sibuatvas more intricate. In fact, bone loss could
be corrected with different methods, ranging fromaftgng techniquesBarone et al.2016;
Shordone et al2015;Martuscelli et al, 2014) to distraction osteogenesth{apasco et aJ.

2007). For example, Esposito and co-workers congpidie outcome of prostheses supported
either by short implants placed in pristine sitebwylong implants placed in augmented bone, in
severely atrophic alveolar ridges in patients wittesidual height ranging between 5 and 8 mm,;
that is, the amount of bone required to place shgtants but not enough for the standard
implants. They concluded that there were no sigaifi differences either in failure or in
complication ratesHsposito et aJ.2014); however, in the selected patients, theyicoed that
mandibular implants exhibited a significant diffece in marginal bone loss between short (1.30
mm) and long implants (1.48 mm) one year afterilog(Esposito et a).2014). Furthermore,
other authors investigated the effectiveness oftshiplants placed in pristine bone and of long
implants placed in grafted bone, highlighting faalde results in terms of postoperative
complications but not in terms of survival rate $tort implants placed in the posterior

mandibular areag-€lice et al, 2012).

When bone volume augmentation procedures wereidedcnumerous studies have
compared different grafting materials; the compmaribetween the autogenous and xenogeneic

bone grafts did not show any difference in termgesfical bone gain as well as marginal bone



loss of implants placed in the augmented b&wdaro et al, 2011;Felice et al, 2009).

A viable alternative to bone grafting in the treatmhof the severely resorbed maxillae was
alveolar distraction osteogenesis. This methodeaehi good results in correcting vertically
deficient edentulous ridges, maintaining the olgdibone gain over time, and guaranteeing high

rates of survival and success of implants placabendistracted area€ljiapasco et aJ.2004).

Nevertheless, bone augmentation techniques pressateral drawbacks that should be
considered(1) vertical ridge augmentation was more time consgr{) the healing phase was
longer;(3) it was more expensive; afd) it exhibited more complications compared with $hor
implants Chiapasco et a).2007;Felice et al, 2010). In addition, augmentation surgery needed
an experienced surgeon, due to the anatomicatulifies inherent in rehabilitating the posterior

atrophic mandible.

As previously mentioned, the literature does noeagn the best rehabilitation strategy for
posterior atrophic mandibles with a residual riigeght of between 5 and 8 mm, and shows
even less consensus on what the best bone augmeréhnique is for posterior mandibular

areas.

The main objective of the present systematic review to evaluate, in partially edentulous
mandibles, (in terms of success rate, predictglalitd bone loss around implants) which is the
best treatment option to replace posterior misteth between standard implants placed in
augmented bone vs. short implants placed in pedione in the rehabilitation of atrophic
posterior mandibles. The secondary aim was to coergtandard implants placed in augmented
bone with autogenous onlay blocks standard implants placed in augmented bone withoany

the other augmentation procedures that did notiwevonlay blocks.



MATERIALSAND METHODS
Search Strategy

The data for this systematic review and meta-arsalysre processed following PRISMA
(Preferred Reporting Items for Systematic Reviemd leta-Analyses) principledipher et al,
2010); the introductory set of studies relatechtopic “surgical strategies for rehabilitation on
the posterior mandible ” was obtained through actebnic search of the MEDLINE (Pubmed
via the search engine Entrez <http://www.ncbi.nimgov/sites/gquery>) and Cochrane Oral

Health Group databases.

Relevant articles published between Janudr2@00 and July 36 2016 were searched
using the relevant keywords and respective Bodlegin operators (AND, OR, NOT) used in

the above-mentioned databases:

(1) human AND mandible AND posterior

(2) bone AND graft

(3) inlay OR onlay OR interpositional OR autogenousx@Rogeneic
(4) allogeneic AND material

(5) augmentation

(6) vertical OR horizontal

(7) guided AND bone AND regeneration



(8) distraction AND osteogenesis

(9) nerve

(10) transposition OR lateralization OR tunneling

(11) short AND implant

(12)2 AND 3

(13)5 AND 6

(14)9 AND 10

(15)40OR70R80R 11 OR 12 OR 13 OR 14

(16)1 AND 15

An additional manual search was performed dirdetign the websites of the following

scientific journals:

Clinical Implant Dentistry and Related Research

Clinical Oral Investigations

Clinical Oral Implants Research

European Journal of Oral Implantology

European Journal of Prosthodontics and Restordireatistry

Journal of Clinical Periodontology



Journal of Cranio-Maxillo-Facial Surgery

Journal of Dental Research

Journal of Oral Implantology

Journal of Oral Maxillofacial Surgery

Journal of Oral Rehabilitation

Journal of Periodontology

Implant Dentistry

International Journal of Oral & Maxillofacial Surgg

International Journal of Oral Surgery

International Journal of Periodontics & Restoratizentistry

The International Journal of Oral & Maxillofaciahiplants

Two independent reviewers (A.B, S.M) screenedfathe titles, abstracts and then the full

text of the studies according to the inclusion eardusion criteria.

Sdlection Criteria

Studies were included if they fulfilled the followg a priori criteria: (1) randomized clinical

studies that included clinical or radiological autees of the surgical strategies for rehabilitation



of atrophic posterior mandibles in partially edéotis patients, including any dimensional
change, survival rate and adverse ev@&)tcontaining a follow-up from 12 to 24 months; and

(3) written in English.

Exclusion criteria were animal experiments and agge reports of the same study/author (a
single reference among multiple references of #meesauthors describing the same set of
subjects should be included in the analysis). $&idould be excluded if enrolled patients were

all heavy smokers or drinkers, or showed a podrigrgiene.

PICO Criteria Definitions

Participants: Partially edentulous patients suffering from atrpphthe posterior mandible with

insufficient bone to place standard dental implants

Intervention: All the surgical interventions and treatmentd@aned to rehabilitate patients
suffering from atrophy of the posterior mandiblerbgans of a fixed prosthesis, and supported
by either osseointegrated titanium standard demfalants placed in augmented bone or

osseointegrated titanium short dental implantsqalan pristine bone.

Comparison: Outcomes of standard implants placed in augmdmeé vs. outcomes of short
implants placed in pristine bone; and outcomesarfdard implants placed in bone augmented
with onlay blocks vs. outcomes of standard implatased in bone augmented using the others

augmentation procedures that did not involve oblagks.

Outcome: Biological complication, bone remodeling aroundit@éimplant, implant and



prosthesis survival rate.

Quality Assessment

Each of the authors independently assessed thiestaderms of the inclusion, relevance,
eligibility, and risk of bias, in a standard and-btnded way, following the Cochrane
Collaboration toolKliggins et al, 2011); any disagreement was resolved by consarisus

reviewers and statistics researcher (P.T.).

Data Extraction and Collection Process

The authors read the full text of all the studiesoied in this search process and the data were
extracted independently, and any conflict was resbbetween the authors and confirmed by the
statistician. Information was extracted from eawctobed trial on th€1) number of patient$?2)
number of treated site@3) position of placed implant§4) type of intervention, an(b) mean

observation period.

The primary (implant failure and marginal bone )amsd secondary outcomes (biological

complications and prosthesis failure) were clasdis follows:

Implant failure: classified as failing if the published resultsigaded that the implants were not

in function at the time of evaluation.

Marginal boneloss: (MBL) peri-implant bone loss measured after implasertion.



Biological complications: insufficient bone gain for implant placement, ass; pus, transient

postoperative paresthesia, pain, swelling and atieerse events.

Prosthetic failure: fixed prosthetic device detachment, looseningbett@ent screw or healing

cap, and fracture (screw, framework or estheticend).

Variables such as smoking, alcohol intake, or hygieere considered confounding factors
for endosseous dental implant treatment, they Weeened too complex in these final outcomes

and so were not extracted.

Statistical Analysis

Implant and prosthesis failure including biologicamplications were the dichotomous
outcomes evaluated; whereas the marginal bonedpsssented a continuous outcome. The
statistical unit used for analysis of “implant taig” and “marginal bone loss” was the implant,
while for analysis of “prosthesis failure” and ‘bdgical complications’ the statistical unit was

the patient.

To assess heterogeneity of the study-specific emeisbmes, Cochran’s Q arfstatistics
were performed and tHevalue was also calculated. The data were analyzed) the statistical
software METAN command in the STATA statistical qmuiting environment (Stata Statistical

Software, Version 11.2, Stata Corp), with a leviedtatistical significance set at= 0.05.

RESULTS



Search

The selection process of publications, which ioregd in the PRISMA flow diagram (Figure 1),
yielded 81 articles in MEDLINE. The initial screagiof articles was carried out using keywords
and abstracts; in the event that both were not,dlea full-text articles were evaluated. The
screening yielded 28 eligible studies and onlytl@ies of these fulfilled the inclusion and

exclusion criteria.

Once a consensus had been achieved, the characteuslity and heterogeneity of the
enrolled studies were assessed by the Cochranab©ddition tool and reported in Table 1. In
addition, a comprehensive overview of the randothizantrolled trials on the rehabilitation
strategies of an atrophic posterior area of théglgredentulous mandible are reported in Table
2.A small number of trials compared the effectdifferent rehabilitation interventions. As a
result of the relatively small number of studieslyadwo meta-analytic processes could be

carried out.

Trials enrolled in the present review were ranked three categories:

Group A: Studies which compared outcomes of standard ingpjaaced in augmented bone
(long implants groupli) vs. outcomes of short implants placed in prisboae (short implants

group:si).

Group B: Studies which compared outcomes of standard ingfalaced in bone augmented
with onlay block (onlay blocks groupb) vs. outcomes of standard implants placed in
augmented bone with any of the other augmentatioogolures that did not involve onlay blocks

(non-onlay blocks groumob).



Group C: Studies not included in category a) or b).

Meta-analyses were performed to compare the resiiésned from the studies reviewed in

A and B groups.

Population Epidemiology

In the 5 studies of group A-élice et al, 2010;Esposito et al.2011; 2014Pistilli et al., 2013a;
2013b) a total of 223 patients with 386 dental mmp$ were included. Regarding dichotomous
outcomes variables, the long implant group hadrflant failures out of the 197 implants
(5.1%) in a 2-year period of follow-up. On the athand, the short implant group had 5 implant
failures out of 189 implants (2.7%) within the safokow-up period. Fifty biological
complications (50% [95% CI, 40.2% to 59.8%]) andpt@sthesis failures (10% [95% CI, 4.1%
to 15.8%]) were observed in 100 patients who beddrtg the long implant group; whereas 14
biological complications (12.4% [95% ClI, 6.3% to3%]) and 6 prosthesis failures (5.3% [95%
Cl, 1.2% to 9.4%]) were found in 113 patients wietobged to the short implant group. The
range of the marginal bone loss (MBL) registeradstadies of the groulp was 0.25+0.56 mm

at loading and 1+1.16 mm within 2-year of follow;uyghereas in studies on short implant,
MBLs ranged between 0.23 mm and 0.59 mm at the dinh@ading, and between 0.94 mm and

1.05 mm within 2-year follow-up.

In the 3 studies of group B\(norfini et al, 2014;Chiapasco et al.2007;Felice et al, 2009)
a total of 53 patients with 81 dental implants wiactuded. In the group of the onlay grafting

procedure, 5 implants failed (11.9%) out of thamflants placed within 2-year of follow-up;



by comparison, in non-onlay augmentation strate@asplants failed (5.2%) out of 39 implants
within the same follow-up period. The occurrenckprosthesis failure and biological
complications were not reported, therefore, théengers were unable to perform data extraction
and meta-analysis calculations or comparisons. @méyout of the studies, which belonged to
the group of onlay grafting procedui@, reported a mean value of marginal bone loss afte
years of loading (0.78 mm), whereas the studieshvbelonged to the list of non-onlay
augmentation techniques, had a mean marginal lnsseénging from 0.62 to 0.9 mm within the

same follow-up period.

Four randomized control trials were classified as-relevant to the study of outcomes

comparisons and meta-analysis.

Bianchi & co-workers in their study describechdal outcomes of patients who underwent
distraction osteogenesidd) or inlay bone graftingirt), reporting 100% of implant survival rates
for both groups and differing complication rate8%&for do group and 14.3% fan group)

(Bianchi et al, 2008).

Two additional studies evaluated outcomes of baa#tigg when comparing different bone
substitute materials. Cordaro & co-workers (20iiase of onlay grafting procedure,
evaluated results of bone augmentation using edth&rgenous bone block (AB) alone or AB
plus xenograft and a collagen membrane coveringtai. Out of the 17 treated patients, 3
complications were observed in the bone mixturegns. one complication in the group

grafted with autogenous blocks (contrdofdaro et al, 2011).

Felice and co-workers, in the case of sandwichodstey procedures, evaluated results of

augmentation using either a bone block harvestad the iliac crest or a xenogenic bone block.



The authors recorded one implant failure in thegemous bone group and non-significant
differences on the peri-implant marginal bone lwbkgn two groups were compared (0.82 mm

and 0.59 mm in the autogenous and Bio-Oss grospentively) Eelice et al, 2009).

Finally, Merli and co-workers compared the efficagywo different techniques for vertical
bone regeneration at implant placement with pdetetautogenous bone: resorbable collagen
barriers supported by osteosynthesis plates vsresmrbable titanium-reinforced expanded
polytetrafluoroethylene barriers. No prosthesigyglant failures occurred within loading;
patients treated with resorbable barriers haddasean of 0.51 mm of bone, whilst patients

receiving non-resorbable barriers had lost a mé&b8 mm of boneNlerli et al,, 2010).

M eta-analysis of Studiesin Group A

The study report stated that the pooled risk r@ig) for the effect of the intervention on
biological complications was 2.822 (95% CI, 1.8091403) (Figure 2a) when group of short
implant placed in pristine sitesi{ and group of long implants placed in augmenteasli)
have been compareB € 0.0001); this signified that the magnitude skrof complications in

theli groups is approximately 282% of the magnituddsif of complication in thai group.

Moreover, pooled results on marginal bone lossiwiBhyear of follow-up found a significant
effect in favor of the short implant with differema means of 0.052 mm (95% ClI, 0.026 to

0.079 mm, withP-value < 0.0001), as illustrated in Figure 2d.

Even if data could encourage net benefit resulthersurvival outcomes in favor of short

implants, it should be considered that the poaolgdmatio of 1.594 (95% CI, 0.542 to 4.690, and



P-value = 0.397) for implant failure, and 1.488 (98% 0.559 to 3.963, witR-value = 0.426)
for prosthesis failure (Figure 2c) showed no sigaift increases on the risk of

implant/prosthesis failure betwergroup andsi-group within a 2-year period.

M eta-analysis of Studiesin Group B

No significant difference was found on the risknzdrginal bone loss or implant failure between
theon-group and the group related to non-onlay augmientatrategies (non-onlay blockb).
The meta-analysis revealed that implants placdmbire augmented with onlay blocks showed
similar outcomes to implants placed in augmentateboespective of the augmentation
procedure used. In fact, differences betweeroth@ndnob-group were a non-significant
pooled risk ratio of 1.809 in favor abb-group (95% CI, 0.417 to 7.839, aRevalue = 0.428)

for implant failure, and a non-significant diffeEin means of 0.006 mm (95% CI, -0.190 to

0.177 mm, and-value = 0.946) for marginal bone loss in favonob-group.

DISCUSSION

The main aim of the current systematic review aetbranalysis was to clarify the best
rehabilitation strategy and surgical treatmengtoabilitate partially edentulous patients with
atrophic posterior mandibles. The present data wetaned from randomized controlled
clinical trials describing rehabilitation of atrdptposterior mandibular areas with a residual

ridge height of less than 8 mm.



The articles embraced a wide variety of approacksdgdting from differences in study
design, terms and definitions, surgical techniguglant system, outcomes’ measurement,
reported data and follow-up period. This heterogeseature of the publications made it very
difficult to find proper answers to the queriedathin the focus question of the present
systematic review. This was perhaps due to theeattshg evaluations of the recorded data,

which were copied out from enrolled studies.

The 12 overviewed randomized controlled clinicallsr (RCTs) were analyzed for the risk of
bias according to the Cochrane Collaboration tonbtsessing risk of bias. None of the selected
papers could be judged at “Low Risk” of bias beeanfsthe presence of two or more domains at
“High” or “Unclear” risk of bias. In brief, the maireasons for uncertainty of the results resided
in the allocation concealment and blinding procgeskefact, when very different surgical
procedures were compared, it was impossible toeairibe allocation group and to blind both
the patients and the outcome assessors. In orgerfiarm the meta-analytic processes, the
authors examined very carefully the 12 enrolledepspdentified rehabilitation surgery and
strategy, and ranked each trial among those witilagi design. With this in mind, trials were
split up into three groups: 5 trials (group A) caargd outcomes of standard implants (placed in
augmented bone) vs. outcomes of short implantsédlavithout augmentation); 3 trials (group
B) compared outcomes of standard implants placéoire augmented with onlay blocks vs.
outcome of standard implants placed in bone augedenith others augmentation procedures
not involving onlay blocks; and 4 trials (group Which matched the inclusion and exclusion
criteria but the meta-analysis could not be perfatrdue to the intra-study surgical intervention

homogeneity.



Rehabilitation Strategies

Some interesting information about rehabilitatitnategies was obtained by comparing studies
in group A: longer implants placed in augmentedeébshowed that 17 out of 239 (6.1%)
implants failed within 2 years of the survey, wholdy 5 out of 189 (2.7%) short implants
placed in native bone exhibited failure in the sarservation period. This difference was not
statistically significant. Results on implant faguwere in line with the data collected by
Esposito and co-workers in their systematic reigsposito et al.2009) in which a meta-
analysis of two trials resulted in more implantdees (OR = 5.74P = 0.06) for those implants
placed in the vertically augmented bone. A vergntsystematic review on four RCTs, which
compared short implants placed in native bone leitiger implants placed in vertically
augmented sites, tended to demonstrate similaimbggurvival rates (96.24% vs. 95.09%,
respectively, for short and long implaniigand et al.2015). In a former systematic review,
Atieh and co-workers focused their attention ongimeival of short dental implants for the
treatment of posterior edentulism, and obtainedltesimilar to the present review. Atieh and
co-workers, irrespective of treated sites, suggetstat there was no significant difference in the
reported survival of short (98.5%) versus long iamp$ (97.7%) at the 2-year follow-up. Even if
they reported an average follow-up period of 3.@&rgdrange, 1 to 7 years) with at least 6,000
implants studied, it was apparent that many singptants were not followed for the duration of
the investigation. Moreover, the authors definedhgplant as “short” when it was 8.5 mm. In
this review, even though there was no common ageaeon the definition of “short” implant, if
implant length was less than 10 mm, the implant reaked into the short implant groug)(

(Atieh et al, 2012).

Few authors reported middle-term results in an R&&lice and co-workers found a major



implant failure rate in the short implants groupcampared with implants in augmented bone
group, even though the results were not stati$gisggnificant =1). Although the present
results seemed to be dissimilar from those of Eedizd co-workers, the lack of significance did
not allow any conclusions to be drawn other thaféict that short implants could suffer from
loss of loading resistance, thereby producing negagsults in a longer perio&élice et al,

2014).

Data emerging from the present review about trerirent of posterior edentulism in the
mandible attested that the long implants placexlgmented bone showed a higher rate of
biological complications (50%) than that registeirethe group of short implants placed in
pristine bone (12.4%). The difference appearecetsignificant: the pooled risk ratio (RR) for
the effect of the intervention on biological congplions was 2.822 (95% CI, 1.809 to 4.403)
(Figure 2a). This indicated that short implantsevagnificantly more favorablé>(< 0.0001) to
standard implants placed in augmented bone. Thlstaite of complications registered in the
group of long implants was confirmed by the revi@i&sposito and co-workers (Esposito et al.
2009), in which short implants appeared more adgedus than long implants in augmented
bone in terms of complications (OR of 4.97 in fagbshort implants), and of Nisand and co-
workers, in which 56 patients out of 85 experiencenhplications in the augmented groups
(65.9%), whilst 18 patients out of 85 had complmads in the short implants group (21.2%).
When paresthesia was considered, rates of complhsabwered, respectively, to 56.2% and
16.7% (isand et al.2015). Even when major complications were considldonger implants
in augmented bone appeared again to be an unfae@pproach due to the appreciable rate of

surgical failure of the first surgery (11 graftipgpbcedures failed).

In the present review, when the rates of prostHasdige within the 2-year follow-up were



analyzed, no significant difference were found kestawvlong implant group (10%) and short
implant group (5.3%). This was confirmed by datatbfer review papers which attested that in
terms of prosthetic survival rates, there were ifferénces between the two treatmemssand

et al, 2015).

Assessment of marginal bone loss (MBL) around imigl@laced in augmented bone or in
pristine bone was very important in the evaluabbthe success of dental implants. In the
present review, long implants placed in augmentiges showed a marginal bone loss ranging
from 1 mm to 1.16 mm within the 2-year follow-uphie short implants in pristine bone had a
marginal bone loss ranging between 0.94 mm to th@bwithin the same follow-up period, with
a difference in means attesting that short implaiee significantly more favorabl®
0.0001). Results of the meta-analysis have beefireed only by a few RCTs in which short
implants experienced statistically significantlgdebone loss (from 0.18 to 0.82 mm, Ps < 0.014)

than long implantsEsposito et a).2011;Felice et al, 2014).

Bone augmentation techniques

Since the evaluation of longer implants in augme iiene depends greatly on the surgical
technique, a meta-analysis of the collected dataasaducted among the RCTs describing
different surgical techniques. The present datardesg bone augmentations suggested that
implants placed in bone augmented with onlay gititsved similar outcomes to implants
placed in augmented bone, irrespective of the aatatien procedure used. When the onlay-
graft technique was concerned, mean bone lossddnmya 0.78 mm to 0.89 mm within 2 years

of survey, while non-onlay augmentation techniquesluced a bone loss ranging from 0.62 mm



to 0.9 mm in the same period of follow-up. Theseliings agree with Pefarrocha-Diago and co-
workers who obtained a peri-implant marginal basslof 0.7+1.1 mm in onlay-augmented

ridges Pefarrocha-Oltra et a).2014).

Moreover, in the present study, the pooled risiorag¢tween the two groups for implant
failure (1.809), and the difference in means betwtbe two groups for marginal bone loss
(0.006 mm) did not reach statistical significan©er results have been confirmed by the review
of Esposito and co-workerEgposito et a.2009) which compared various horizontal and
vertical augmentation techniques and observedatsttally significant differences between
procedures. Even if some authors seemed to sutpgesinlay bone grafts could exhibit minor
implant survival rate when compared to other saigiechniquesAghaloo et al.2007), trials in
the literature reported results on only a low nundieatients and treatmen®Rdcchietta et al.
2008). An extension of the meta-analytic processther atrophic sites was very limited at the
present time due to several confounding factopse tyf intervention, bone morphology, defect
size, augmented volume and regenerative capacthealefects. These were not well described
in the respective literature and could heavily istpan the results. In addition, when the implant-
supported prosthesis bears occlusal loading, trsticatory forces were exerted mainly on the
graft, thus producing a variable and unpredictaéd®rption rate. Some authors tried to compare
autogenous bone graft alone or associated withiditd mesh for vertical ridge augmentation,
and stated that the protection of the mesh couldecaignificantly less bone resorption
(Roccuzzo et 312007). The most likely hypothesis lay in its gaitve effect from mechanical

pressure during the healing period.

Finally, the trials in the Group C were rather hegeneous and this made comparison

between them impossible. In addition, since thésaiess did not generally compare two



different techniques within the same study; no datatatistically significant differences were

given and no specifie values were available for the comparison.

The main limitation encountered in this literatuegiew was the lack of studies with a strict
comparative design protocol. Future research shiaaldde control groups and standardized
criteria for defining the best treatment to rehiédité edentulous atrophic posterior mandibles of
partially edentulous patients, in order to obtagorous evidence-based results. As a result,

further controlled randomized clinical trials adnerto strict protocols are needed in the future.

CONCLUSION

Even within the limitations of this literature rew about the treatment of posterior edentulism
in the mandible, one can conclude that short intplptaced in atrophic posterior mandibles had
fewer biological complications and presented adbettarginal bone level when compared to
longer implants placed in augmented bone, theréeying a good choice for prosthetic
rehabilitation. However, the large heterogeneityhefanalyzed studies relating to procedures
and employed bone substitute materials did nowalts a conclusive answer to the second point
of the focus question: based on the current liteeatthere was no evidence that standard
implants placed in bone augmented with onlay blagkese inferior to those placed in bone

augmented using other augmentation procedureswolving onlay blocks.
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Fisher exact test.



Table 1. Risk of bias assessment of the selected studies. N/A: not reported or unable to be extracted.

Study reference

Amorfini, 2014 cidrr 16:655

Bianchi, 2008 oooo 105:282

Chiapasco, 2007 coir 18:432

Cordaro, 2011 coir 22:1145

Esposito, 2011 goi 4:21

Esposito, 2011 goi 4:301

Felice, 2009 cidrr 11S1:e69

Felice, 2009 coir 20:1386

Felice, 2010 coir 21:1394

Merli, 2010 ijomi 25:801

Pistilli, 2013 gjoi 6:343

Pistilli, 2013 ejoi 6:359

Random sequence
generation

2

N/A

N/A

low

low

low

N/A

low

low

low

N/A

low

concealment

Allocation

2

N/A

high

low

low

low

N/A

N/A

low

low

low

low

Py
3
o
o
7]

and surgeons

Blinding of patients

2

2.
Q
=>

N/A

low

high

N/A

low

high

low

low

high

high

assessment

Blinding of outcome

Q
z

N/A

N/A

N/A

high

low

high

high

high

low

low

low

Incomplete outcome
data

Z

/A

low

low

high

N/A

low

low

low

N/A

low

low

Selective reporting

N/A

N/A

N/A

N/A

N/A

low

low

N/A

N/A

low

N/A

Risk of bias (other sour ces)

Group imbalance

Q
z

)
£

low

low

low

low

low

low

low

low

low

low

Sample size

high

low

low

low

low

low

low

high

low

low

low

low

Conflict of interest

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Radiographic
outcome

Q
z

high

low

high

high

low

low

low

low

low

low

low



ACCEPTED MANUSCRIPT

Table 2. Comparison of outcomes considering RCTB am observation period between 12 and 24 mowtlsning prosthetic loading. N/A: not reported arable to be

extracted. Protocolgbr: gain bone regeneratioon: onlay grafting;in: inlay grafting;do: distraction osteogenesis; short implants without bone-augment@avalues of

dichotomous variables were obtained by Fisher eastt

Amorfini, 2014

cidrr16:655

Level of significance
Bianchi, 2008
0000105:282

Level of significance
Chiapasco, 2007

coirl8:432

gbr

allograft

8 8
8 8
6 21
5 16
8 19
9 19

gbr

xenogeneic

allogeneic

autogenous

autogenous

autogenous

autogenous

yes 1
yes 1
yes 1.9+2.5
yes 1.9+2.5
yes 2+4
yes 2+4

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

N/A

N/A

N/A

N/A

N/A

N/A

0.46

N/A
+0.23

N/A  0.430.33

- 0.72
1 N/A
3 N/A
0.2222 =
N/A 0.3:0.3
N/A 0.2+0.3

0.62+0.40

0.780.52

0.03

N/A

N/A

0.20.4

0.20.4



Level of significance

Cordaro, 2011

coir22:1145

Level of significance
Esposito, 2011

ejoi 4:21

Level of significance
Esposito, 2011

ejoi 4:301

Level of significance

Felice, 2009

cidrr11S1:e69

Level of significance
Felice, 2009
coir 20:1386
Level of significance

Felice, 2010

test

control

long

short

augmented

short

inlay

onlay

autogenous

xenogeneic

augmented

8 28 on
9 27 on
15 30 in
15 26 s
30 61 in
30 60 s
10 20 in
10 23 on
10 10 in
10 10 in

30 30in

autogenous +

xenogeneic

autogenous

xenogeneic

autogenous

xenogeneic

autogenous

autogenous

autogenous

autogenous

xenogeneic

xenogeneic

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

15

15

15

15

N/A

N/A

0(5)

0(0)

1(N/A)

O(N/A)

N/A

N/A

1(N/A)

O(N/A)

1(N/A)

0.4864 - - - -

0 N/A 3 N/A N/A
0 N/A 1 N/A N/A
1 - 0.6109 - )
1 1 1 023021 1.160.46
0 0 1 0.250.08 0.9%0.56
1 1 1 - -
3 4 20 0.56:0.29 1.00:0.31
2 3 5  0.58:0.30 1.00:0.36
1 1 0.0001 - 0.90
0 N/A 3 N/A  0.9(0.3-1.8)

0.85(0.2-
0 N/A 3 N/A

2.8)

- - 1 - 0.971
1 1 2 N/A 0.82+0.59
1 1 1 N/A 0.59:0.4
1 1 1 : 0.41
3 3 4 056029 1.080.31



coir 21:1394

Level of significance

Merli, 2010

ijomi 25:801

Level of significance
Pistilli, 2013

ejoi 6:343

Level of significance
Pistilli, 2013

ejoi 6:359

Level of significance

short

resorbable
non-

resorbable

long

short

augmented

short

30 30 s
11 34 dgbr
11 43 dgbr
20 31 in
20 32 d§
20 47 in
20 41 s

autogenous

autogenous

autogenous

xXenogeneic

autogenous

xenogeneic

autogenous

yes

yes

yes

yes

yes

yes

yes

1

1

O(N/A) A

0(0)
C
0(0)
1(1)
O(N/A) A
1(N/A)
oN/A) A

1 1 0

0.9478 0.9478 0.0521

0 0 0
0 0 0
1 1 1
2 2 17
0 0 8

0.23  0.2307 0,0022

2 3 8

0 0 0

0.4966 0.2307 0.0012

0.58t0.30

N/A

N/A

0.46£0.05

0.45:0.04

0.876

0.55:0.05

0.59£0.05

0.5108

1.080.36

0.90

0.51+0.34

0.59:0.58

1.030.07

0.940.05

0.295

1.0740.06

1.05+0.06

0.7384



Identification

Records identified through
database searching:
138 titles

Initial records after
duplicates removed:
81 titles

|

43 records deleted after title
screening

Screening

After excluding titles:
38 abstracts obtained

|

10 records deleted after
abstract screening

After excluding abstracts:
28 full-text articles obtained

Eligibility

v

16 deletions of articles not
fulfilling inclusion criteria
after full-text article review

Inclusion

12 articles included




posterior_mandible Qutcome Statistics for each study Weight(Fixed) Risk ratio and 95% C1
Risk Relatve  Relatve
ratio ZValue pValue weight weight
Esposito. 2011_ejoi_4.21 1.000 compication 0.000 1.000 2.76 |
Esposite, 2011_ejoi_4_301 4.000 ‘complication 3281 9.167 0.001 28.85 —a—
Felice, 2010_ooir_21_1384 9.300 complication 1518 165.391 0128 238
Pist, 2013_sjoi_6_343 2237 complcaton 1280 2825 3910 0.005 5345 .
Pistili, 2013_sjoi_6_353 17.850 complication  1.101 2028 289355 0.043 255
2822 1809 45T 44 0.000 <
0.01 01 1 10 100
Favours IN Favours SH
Model Effect size and 95% interval Test of null (2-Tail) Heterogeneity Tau-squared
Number Point Lower  Upper Tas  Standard
Model Studies  estimate Tt limit Zvalue  P-value Q-value df (Q) P-value |-squared Squared Error Variance Tau
Fixad 5 10200 4281 24424 5214 0000 3144 a 0534 0000 0.000 0820 0872 0,000
Rendom 5 1020 4261 24424 5214 0,000
poste Outcome Stafistics for each study Weight(Fixed) Risk ratio and 95% Cl
Risk Lowe Upper Relative Relative
ratic fumi Zvalle  lmi pValie  weight weight
¢
Esposto, 2011_sjoi 4 21 261 impl_faiure_tyr 0111 05% 61511 0551 1167
Esposito, 2011_ejoi_4_301 1475 impl_faiure_1yr 0286 0.435 8.519 0.66¢ 37.88 H—
Felice, 2010_cair_21_13%4 0345 impl_feiure_tyr 003 0945 3127 03 2395 [
Pistili, 2013_ejoi_6_343 5323 impl_failure_1yr 0.266 1.084 106.536 0.274 12.87 L
Pistii, 2013_sjol_6_368 6125 impl_faiure_tyr 0326 1211 115178 0225 13.53
1.594 0.542 0.847 4.6% 0.357 -
0.01 0. 1 10 100
1
Favours IN Favours SH
Model Effect size and 95% interval Testof null (2-Tail) Heterogeneity Tau-squared
Number  Point  Lower  Upper Tou  Standard
Model Studies estmate limit limit Z-value  P-value Qwalue df(0) Palue lsquared  Squared Emor  Variance  Tau
Foced 5 164 0538 5054 0676 0361 3436 4 0.486 0000 0000 122 1503 0,000
Fandom 5 1,649 0538 5054 087 0381
posterior_mandible Outsome Statistios for each study Weight (Fixed) Risk ratio and 95% C
Risk Lower Upper Relative Relative
ratio limit  ZValue  himit  pValue  weight weight
Esposito, 2011_siol_4 21 3.000 prosth_faiue D132 0683 6825 291 9.82
Espostto. 2011_ejoi_4 301 133 prostn_fsiue  0.328 0s2 541 588 s877 _l-_
Faica, 2010_coir_21_1384 0.345 prosth_falue 0038 0346  3.127 348 1973
Pistili, 2013_sjoi_6_343 5.250 prosth_failue 0.268 1088 102740 0.274 10.8¢
Pistill, 2013_ejoi_6_3569 5.250 prosth_fsilue 0.268 1093 102.740 0274 1084
1488 osss  o7m 38 04z i
0.01 01 1 10 100
Favours IN Favours SH
Model Effect size and 95% interval Test of null (2-Tail) Heterogeneity Tau-squared
Number  Point  Lawer  Upper Tau  Standard
Model Swdies  estimate limit Zwvalue  P-value Qvolue df(0) Pvslue Fsquared  Squared  Emor  Varisnce  Taeu
Foed 5 1567 0539 4558 0825 0410 s 4 0437 0000 0.000 1170 1370 0000
Random H 1567 053 4556 0625 0410
oostedior_mandible Stafisficsforeachsudy  Ouicome S fudy Difference in means and 95% CI
Difference  Standard Upper Relaive  Relafive
error Variance ZValue limit pValue weight ‘weight
Esposito, 2011_sjoi 4 21 0130 048 003 mo_fy 0177 1015 055 0310 051
Esposito, 2011_sjo 0000 005  000B mblfy 0171 0000 0171 1000 231
Falice, 2010_coir 21_1334 0.000 0087 0008 mbliy 0171 0000 0471  1.000 234
0.0%0 0.020 0000 wmoity 0052 459% 0428 0000 4652
002 0019 0000 mblty 0018 1040 0058 0288 4829
ves 003 000 00% 39 0079 0000 i
-2.00 -1.00 0.00 1.00 2.00
Favours IN Favours SH
Model Effect size and 95% interval Test of null (2-Tail) Heterageneity Tau-squared
Number  Point  Lower  Upper Tau  Standard
Model Studies  estimate limit Timit Zvalue  Pvalue Q-value d1(Q) P-value |squared Squared Error Variance Tau
Fixed 5 1 1.082 2877 EXIH 0021 13242 4 oMo 69793 0723 0745 0555 0850
Randam 5 2.069 0843 5076 1587 03



posterior_mandible Outcome Statistics for each study Weight (Fixed) and 95% CI
Risk Lower Upper Relative Relative
ratio Timit ZValue limit pValue weight weight
Chispasco, 2007 _coir_18_432 5000  impl_failure_1y1 0.256 1.061 97 697 0.283 2434 | = |
Feligs, 2009_cid_1151_e68 1304 impl_faiure_ty 0.242 0.309 7.080 0.757 5.6
1.808 0.417 0782 7833 0.428
0.01 0.1 1 10 100
Favours ON Favours RA
Model Effect size and 95% interval Test of null (2-Tail) Heterogeneity Tau-squared
Mumber  Paint Lower  Upper Tau  Standard
Model Studies  estimate  limit limit Zwvalue  P-value Q-value di(Q) P-value Isquared Squared  Eror  Variance  Tau
Fixed 2 1.809 a7 7839 0.792 0.428 0594 1 0.441 0.000 0.000 2150 4620 0.000
Random 2 1.809 o7 7839 0.792 0.428
posterior_mandible Statistics for each study Qutcome Statistics for each study Weight (Fixed) Difference in means and $5% CI
Difference Standard Lower Upper Relative Relative
inmeans error Variance limit  ZValue limit  p-Value weight weight
Chispasco, 2007_coir_18_432 0010 0w 0.037 mbi_1yr  -0.387 -0.082 0.367 0.888 2368
Chispasco, 2007_coir_18_432 -0.05¢ oA 0.015 mbi_1yr  -0.287 0.414 0.187 0.679 60.05
Amorfini, 2014_cidm_15_655 0.160 0232 0.054 mbl_1yr  -0.29% 0.5%0 0.615 0.490 16.25
-0.00¢ 0034 0.003 -0.18¢ -0.068 0477 0.945
-2.00 -1.00 0.00 1.00 2.00
Favours ON Favours RA
Model Effect size and 95% confidence interval Test of null (2-Tail) Heterogeneity Tav-squared
Number  Paint  Standard Lower  Upper Tau  Standard
Model Studies  estimate  emor  Varance  limit limit Zwolue  Pvalue Qwvalue di(Q) Pwvalue |squared Squared  Eror  Variance
Fixed 3 0,006 0,094 0,009 0,190 0177 0,088 0945 0648 2 0724 0000 0,000 003 0.001
Pandam 3 -0.006 0094 0.008 0190 0177 -0.068 0.946



TITLE PAGE

Title of thearticle
Surgical techniques used in the rehabilitation aftiplly edentulous patients with atrophic postemeandibles: A

systematic review and meta-analysis of randomipadirolled clinical trials

Authors
Paolo Toti, BSc, DDS, Post-doctoral Felfow

Saverio Marchionni, DDS, PhD Student

Giovan-Battista Menchini-Fabris, DDS, Researchdvell

Simone Marconcini S, DDS, Research feffow

Ugo Covani, MD, DDS, Full Professor

Antonio Barone, DDS, PhD, M$c

Department and I nstitutions
" Department of Surgical, Medical, Molecular and icait Area Pathology, University of Pisa, Via PasadR, 56124
Pisa, Italy. Tuscan Dental Institute, Fortis Der@ainter, Via Padre Ignazio da Carrara 39, 55042eFaei Marmi,

Italy.

" Department of Surgical, Medical, Molecular andti€al Area Pathology, University of Pisa, Via Pdsad2, 56124

Pisa, Italy. Azienda Ospedaliero-Universitaria R&gsav/ia Paradisa 2, 56124 Pisa, Italy.

% Department of Surgical, Medical, Molecular and i€ait Area Pathology, University of Pisa, Via PasadR, 56124

Pisa, Italy. Tuscan Dental Institute, Fortis Der@ainter, Via Padre Ignazio da Carrara 39, 55042eFaei Marmi,

Italy.

5 Department of Surgical, Medical, Molecular and iCalt Area Pathology, University of Pisa, Via PaszdR, 56124

Pisa, Italy. Azienda Ospedaliero-Universitaria R&gsaVia Paradisa 2, 56124 Pisa, Italy.



° Department of Surgical, Medical, Molecular andti€al Area Pathology, University of Pisa, Via Pdisa 2, 56124
Pisa, Italy. Tuscan Dental Institute, Fortis Der@ainter, Via Padre Ignazio da Carrara 39, 55042eFaei Marmi,

Italy.

* Unit of Oral Surgery and Implantology, DepartmefitSurgery, University of Geneva, Rue Barthélémyrlel9,
1205, Genéve, Switzerland (formerly Department ofg®al, Medical, Molecular and Critical Area Patgy,

University of Pisa, Via Paradisa 2, 56124 Pisdy)ta

Corresponding Author

Prof. Antonio Barone, DDS, PhD, MSc
School of Dental Medicine
Department of Surgery

University of Genéeve

Rue Barthelémy-Menn 19

1205 Genéve

Switzerland

Tel : +41 22 372 80 08

Fax :+41 22 372 76 04

E-mail: Antonio.Barone@hcuge.ch

Fax number and e-mail can be published.

GRANTS

The present study has been supported in part TuStamatologic Institute. No external funding was

available for this study.



