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ABSTRACT

Background: The treatment of mandibular edentulism with implant fixed complete dental prostheses (IFCDPs) is a
routinely used treatment option.

Purpose: The study aims to report the implant and prosthodontic survival rates associated with IFCDPs for the edentulous
mandible after an observation period of a minimum 5 years.

Materials and Methods: An electronic MEDLINE/PubMED search was conducted to identify randomized controlled clinical
trials and prospective studies with IFCDPs for the edentulous mandible. Clinical studies with at least 5-year follow-up were
selected. Pooled data were statistically analyzed and cumulative implant- and prosthesis survival rates were calculated by
meta-analysis, regression, and chi-square statistics. Implant-related and prosthesis-related factors were identified and their
impact on survival rates was assessed.

Results: Seventeen prospective studies, including 501 patients and 2,827 implants, were selected for meta-analysis. The
majority of the implants (88.5% of all placed implants) had been placed in the interforaminal area. Cumulative implant
survival rates for rough surface ranged from 98.42% (95% confidence interval [CI]: 97.98–98.86) (5 years) to 96.86% (95%
CI: 96.00–97.73) (10 years); smooth surface implant survival rates ranged from 98.93% (95% CI: 98.38–99.49) (5 years) to
97.88% (95% CI: 96.78–98.98) (10 years). The prosthodontic survival rates for 1-piece IFCDPs ranged from 98.61% (95%
CI: 97.80–99.43) (5 years) to 97.25% (95% CI: 95.66–98.86) (10 years).

Conclusion: Treatment with mandibular IFCDPs yields high implant and prosthodontic survival rates (more than 96% after
10 years). Rough surface implants exhibited cumulative survival rates similar to the smooth surface ones (p > .05) in the
edentulous mandible. The number of supporting implants and the antero-posterior implant distribution had no influence
(p > .05) on the implant survival rate. The prosthetic design and veneering material, the retention type, and the loading
protocol (delayed, early, and immediate) had no influence (p > .05) on the prosthodontic survival rates.
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INTRODUCTION
Treatment with dental implants represents a scienti-

fically and clinically proven treatment modality for

the restoration of the edentulous jaw. The longitudinal

effectiveness of endosseous implants has been demon-

strated for both partially and completely edentulous

patients.1,2 Nowadays, new materials and treatment

protocols have heralded a new era for implant den-

tistry. From smooth surfaced implants and up to 6

months of submerged healing to allow for osseointe-

gration, rough implant surfaces and new loading

protocols have led to faster healing times and early

or immediate restoration of function and esthetics in

carefully selected cases.3 Prosthodontic protocols have

also significantly evolved since the mandibular hybrid

prostheses with acrylic teeth on a cast gold alloy frame-

work, especially due to the introduction of computer-

aided design/computer-assisted manufacturing (CAD/

CAM) technology.4

As the average life expectancy is constantly

increased and the old age population increases as well,

it becomes clear that the need for dental implant

treatment for the completely edentulous patients will

increase. In the United States, the percentage of edentu-

lous patients is 10% of the total US population and is

expected to increase in the following years as the life

expectancy also increases.5,6 Although the incidence of

complete edentulism in the United States has been

steadily declining (approximately 6% between 1988 and

2000), the continuous growth of the population of 65

years and older indicates that the complete edentulism

rates will remain constant or even increase over the next

decades.7

Many implant surgical and prosthodontic pro-

tocols have been reported for the treatment of the

edentulous mandible.3 Early or immediate loading pro-

tocols of roughened surface implants have shortened

healing times and restoration of function.3 Moreover,

new prosthetic designs and materials for the restora-

tion of the edentulous mandible are currently used.8

Choosing the most appropriate protocol for the reha-

bilitation of the edentulous mandible may represent a

challenge and should rely on evidence-based, thorough

information. It is generally accepted that meaningful

interpretation of the clinical outcomes of dental

implant treatment requires a follow-up period of at

least 5 years.9 From the clinician’s point of view, con-

trolled studies comparing different treatment options

are necessary to determine the effectiveness or super-

iority of different treatment modalities. From the

socioeconomical viewpoint, the patient preference for

specific treatment options relies on the longitudinal

efficacy of the option, coupled with the associated cost

and maintenance.

A recent descriptive analysis of implant and pros-

thodontic survival rates with implant fixed complete

dental prostheses (IFCDPs) for the edentulous maxilla

showed good long-term survival rates.10 The purpose of

this systematic review was to analyze randomized con-

trolled clinical trials (RCTs) and prospective clinical

studies of at least 5 years with IFCDPs for the edentulous

mandible, and report the 5- and 10-year implant and

prosthodontic survival rates with this treatment modal-

ity. The focused question was whether or not the treat-

ment of mandibular edentulism with dental implants

and IFCDPs yields high implant and prosthodontic

survival rates.

MATERIALS AND METHODS

Search Strategy

An electronic search using the MEDLINE/PubMED

database was performed for articles published in

English. The time period extended from January 1980

up to December 2011. The search strategy included

the following keyword combinations: “edentulous

mandible” AND “implant,”“complete edentulous” AND

“mandible,” “full arch” AND “edentulous mandible,”

“implant complete prostheses”AND “fixed,”“fixed com-

plete prostheses” AND “implant.” Articles were collected

in reference manager software (Endnotes, Thomson

Reuters, New York, NY, USA) and duplicates were

discarded electronically. The inclusion criteria were as

follows:

• The studies should be RCTs or prospective studies.

• Articles should be in the English language.

• The studies should report on IFCDPs for edentu-

lous mandibles.

• The studies should report data on implant- and

prosthodontic survival rates.

• The studies should include at least 10 edentulous

patients and follow-up for a minimum of 5 years.

• Only studies with solid screw-type implants were

considered. Studies reporting on zygoma, pterygo-

maxillary, and transitional implants were excluded.

Animal studies were excluded.
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Titles and abstracts were initially screened by

two calibrated reviewers (P.P. and M.M.) for potential

inclusion. If no abstract was available in the database,

the abstract of the printed article was used. If title and

abstract did not provide sufficient information regard-

ing the inclusion criteria, the full report was obtained

as well. All titles and abstracts selected by the two

reviewers were discussed individually for full-text

reading inclusion. The full-text reading of selected

publications was carried out independently by the

reviewers. Consensus between the reviewers was

reached in every step of the review. The electronic

search was supplemented by manual search of the bib-

liographies of all the full-text articles that were selected

from the initial search. Moreover, the Cochrane Data-

base of Systematic Reviews was searched and the bib-

liographies of previous systematic reviews relevant to

the topic were searched for full-text articles. Inter-

reviewer agreement between the two reviewers was

always determined with the use of Cohen’s kappa

K-statistics. In cases where information was not clear,

the issue was elucidated by contacting the authors of

the pertinent study via e-mail.

The initial search yielded 4,563 hits after discarding

duplicate references (Figure 1). The subsequent search

at the title level exhibited 2,507 titles (k-score = 0.75)

and further at the abstract level identified 612 abstracts

(k-score = 0.85). The independent abstract investigation

revealed 35 articles for full-text reading (k-score = 0.95).

Data Extraction

Data extraction for each of the 35 selected full-text

articles was done by the reviewers using a standar-

dized electronic spreadsheet. Data extracted included

patient characteristics/demographics, implant and

prosthodontic survival rates, as well as implant

and prosthesis details. For studies with mixed data

and follow-up period ranging from less than 5 to

more than 5 years, data were extracted to include

only patients followed up for minimum 5 years and

thus implant- and prosthodontic survival rates were

identified and recorded. Survival was defined as the

prosthesis remaining in situ at the examination visit

with or without modifications.2 For the purpose of

descriptive analysis, 5-, 10- and 20-year end points

were selected.

Assessment of Study Quality

After the selection of papers on the basis of inclusion

and exclusion criteria, studies were rated on their

quality. Specific study design-related information such

as randomization (if applicable), patient characteris-

tics, patient selection, intervention, evaluation method,

outcome, and follow-up was individually assessed for

all included publications, using the Newcastle–Ottawa

quality assessment scale for case control and cohort

studies. The risk of bias was defined as low, medium, or

high. To reduce the risk of bias as much as possible, we

excluded studies showing high risk of bias.

Excluded Studies

Out of the 35 studies selected for full-text reading,

18 were finally excluded (Table 1). The main reasons

for exclusion included: less than 10 patients followed

up for minimum 5 years, retrospective study design,

mixed data on implant and prosthodontic survival

rates, and lack of response to the e-mails requesting

further details on the published data.11–28 In addition

to that, multiple publications on the same cohort of

patients were also excluded and the most recent was

included for statistical analysis. Excluding some recent

studies due to their retrospective design may have

resulted in the loss of a considerable amount of data.

However, strict inclusion criteria were selected for

this systematic review to reduce the high risk of bias of

retrospective studies. Hence, we excluded retrospective

studies.Figure 1 Search strategy.
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Statistical Analysis

The estimated implant and prosthesis survival rate were

calculated from the negative exponential failure (event)

rate.2 The 5- and 10-year survival rates were also esti-

mated from the negative exponential failure (event)

rates, which were multiplied by 5 and 10, respectively.

The 95% confidence intervals (CIs) for the survival rates

were also presented.29

As the number of events for implant/IFCDP

loss was counted by Poisson distribution (count

events), the count events were weighted by total expo-

sure time which then subsequently applied to data

analysis for this study. chi-square statistics were com-

puted and analyzed. All statistical analyses were per-

formed using a statistical software program (StataCorp,

Version 11.2, 2009, College Station, TX, USA), and the

level of statistical significance (alpha level) was based

at 0.05.

RESULTS

Included Studies/Study Characteristics

The full-text reading yielded 17 prospective and no

RCTs, including 501 patients and 2,827 implants that

satisfied the inclusion criteria and were used for statis-

tical analysis (Tables 2 and 3). These studies were con-

ducted in academic institutions and private clinics.1,30–45

The year of publication ranged from 1997 to 2012.

The summary of random-effects meta-analysis using

survival rates, CIs, and the weight of each study by expo-

sure time is shown in Figure 2. The figure performs a

random-effects meta-analysis of the effect of prosthesis

and implants on the incidence of failure between studies

in the Forest plot. The overall risk ratio (RR) is 1.48

(95% CI: 0.79–2.77), and the I2 statistic indicates that

the percentage of between-study heterogeneity is 2.4%,

with p value = .423. There is no significant difference

(p value > .05) for overall RR.

Implant Survival by Implant Surface. Only studies with

at least 5-year follow-up were included. The data were

considered cumulative and implant survival rates were

pooled. Cumulative implant survival rates for rough

surface ranged from 98.42% (95% CI: 97.98–98.86)

(5 years) to 96.86% (95% CI: 96.00–97.73) (10 years);

smooth surface implant survival rates ranged from

98.93% (95% CI: 98.38–99.49) (5 years) to 97.88%

(95% CI: 96.78–98.98) (10 years).

TABLE 2 Characteristics of Included Prospective Clinical Studies

Study Study Type

Total Number
of Patients

Followed Up

Follow-Up
Time

(years)
Implant
System

Type of Prostheses/
Material

Risk of
Bias

Ortorp and Jemt42 Prospective 42 10 Branemark CNC titanium-resin Medium

Heschl and colleagues39 Prospective 21 5 Friadent Metal-resin Medium

Eliasson and colleagues35 Prospective 24 5 Paragon Metal-resin Medium

Degidi and colleagues33 Prospective 28 5 BioHorizons Metal-ceramic Medium

Gallucci and colleagues38 Prospective 45 5 Straumann Metal-resin/metal

ceramic

Medium

Åstrand and colleagues1 Prospective 17 20 Branemark Metal-resin Medium

Friberg and colleagues37 Prospective 10 5 Branemark Metal-resin Medium

Purcell and colleagues43 Prospective 46 5 SteriOss Metal-resin Medium

Rasmusson and colleagues44 Prospective 17 10 AstraTech Metal-resin Medium

Attard and Zarb32 Prospective 29 20 Branemark Metal-resin Medium

Åstrand and colleagues31 Prospective 31 5 Branemark,

AstraTech

Metal-resin Medium

Ekelund and colleagues34 Prospective 30 20 Branemark Metal-resin Medium

Murphy and colleagues41 Prospective 26 5 AstraTech Metal-resin Medium

Tinsley and colleagues45 Prospective 17 5 Calcitek Metal-resin Medium

Ferrigno and colleagues36 Prospective 14 5 Straumann Metal-resin Medium

Arvidson and colleagues30 Prospective 91 5 AstraTech Metal-resin Medium

Makkonen and colleagues40 Prospective 13 5 AstraTech Metal-resin Medium

Implant and Prosthesis Survival Rates in Edentulous Mandible 709
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The effect of implant surface texture on survival

rates was assessed by dividing the data into two groups:

smooth (machined) surface and rough surface inde-

pendent of the surface treatment and of degree of

roughness. The implant surface had no influence

(p > .05) on the implant survival in the edentulous

mandible (Table 4).

Implant Survival by N of Implants and Implant

Distribution. Cumulative implant survival rate esti-

mates at 5- and 10-year end points depending on

number of supporting implants and antero-posterior

implant distribution are shown in Table 4. The effect of

the number of supporting implants and the implant

distribution had no influence (p > .05) on the implant

survival (Table 4). Out of 2,827 implants placed, 2,501

had been placed interforaminally, which stands for the

88.5% of all the implants.

Prosthodontic Survival by Prosthesis Design, Retention

Type, Prosthetic Material Type, and Loading Pro-

tocol. The parameters given for prosthesis survival and

success were inconsistent and varied from continuous

prosthesis stability to a number of maximum prosthetic

maintenance events.

The prosthodontic survival rate estimates for

one-piece IFCDPs ranged from 98.61% (95% CI:

97.80–99.43) (5 years) to 97.25% (95% CI: 95.66–98.86)

(10 years). No data were available for segmented or

noncantilevered prostheses. Out of the 501 IFCDPs,

94.4% were screw retained and 93.6% were metal resin

IFCDPs, respectively. Only 6.4% of the 501 IFCDPs were

metal ceramic.

The prosthodontic survival rates for screw- and

cement-retained IFCDPs, metal ceramic and metal resin

IFCDPs, and different loading protocols can be seen in

Table 5. The prosthetic design, the veneering material,

and the retention type had no influence (p > .05) on the

prosthodontic survival rates. The loading protocol also

had no influence on the prosthodontic survival rates

(Table 5).

DISCUSSION

As implant dentistry is continuously growing, the

demand for quality clinical research that offers

evidence-based clinical guidelines is increasing. The

objective of this systematic review was to report

the implant and prosthodontic survival rates with

mandibular IFCDPs for edentulous patients after 5-

and 10-year follow-up. Seventeen prospective studies,

Figure 2 Forest plots of relative risk ratio for implants and prostheses.
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including 501 patients and 2,827 implants, were

included in the present meta-analysis.

Implant survival rates were similar for the rough

surface and the machined surface implants at all time-

points for the edentulous mandible. There were 49

(3.36%) failures out of 1,459 smooth surface implants

placed, and 14 (1.1%) failures out of 1,305 rough surface

implants placed. Cumulative implant survival rates for

rough surface ranged from 98.42% (95% CI: 97.98–

98.86) (5 years) to 96.86% (95% CI: 96.00–97.73) (10

years); smooth surface implant survival rates ranged

from 98.93% (95% CI: 98.38–99.49) (5 years) to 97.88%

(95% CI: 96.78–98.98) (10 years). The difference was

not statistically significant. The clinical implications are

that treatment of the edentulous mandible with endos-

seous implants has longitudinal effectiveness, with more

than 96% survival after 10 years.

The findings of this study for the mandible are in

contrast with the findings of a descriptive meta-analysis

by Lambert and colleagues for implants in the eden-

tulous maxilla.10 That study reported better survival

rates with rough surface implants than with machined

implants for the edentulous maxilla. However, the

findings of the present review are in accordance with

another longitudinal 5-year study that found similar

time-dependent survival rates between smooth-surface

and rough-surface implants.46 The implants were placed

in various locations of the mouth and not only on the

mandible. A possible explanation is the fact that the

host alveolar bone in the interforaminal mandible is of

optimal quality and quantity that the implant surface

does not have an impact on the implant survival.

The number of implants for every mandibular

IFCDP was ranging from four to nine implants. Place-

ment interforaminally was the most common technique.

Out of the 2,827 implants placed, 88.5% was inserted

in the interforaminal area. A larger number of failures

(59 out of 2,442 or 2.41%) on implants placed interfo-

raminally was observed, when compared with 4 failures

out of 322 (1.24%) implants placed antero-posteriorly,

but it was not statistically significant. The studies did

not clarify if the four implant failures in the anterior-

posterior group were indeed posterior or anterior

implants. The number of supporting implants and the

antero-posterior implant distribution had no statisti-

cally significant influence on the implant survival rate.

The dental literature has started to point out that “all on

four” types of IFCDPs may be a viable prosthetic option,

in contrast to the belief that more implants is better.21

No statistical difference was found regarding the

number of supporting implants in the present study.

The selection of the prosthetic design should be

based on scientific evidence as much as possible.

Implant survival directly affects the prosthesis survival,

but the prosthesis design may not be a determining

factor in implant survival for edentulous patients.47 The

findings of the present review are in agreement with

the previous study.

The one-piece prosthetic design with incorporation

of posterior cantilevers into mandibular IFCDPs was the

most common. The local conditions of the posterior

residual edentulous ridge often preclude the possibility

to place implants posteriorly. For implant-supported

fixed dental prostheses, the incorporation of cantilevers

into implant-borne prostheses may be associated with a

higher incidence of technical complications but was not

associated per se with complications after 5-year follow-

up.48 However, the presence of cantilevers in mandibular

IFCDPs had no influence on the prosthesis survival. No

comparison could be made between one-piece versus

segmented prosthetic design or cantilever versus non-

cantilevered prostheses due to the absence of segmented

and noncantilevered prostheses.

The one-piece design was the only one identified

in the present meta-analysis. The one-piece IFCDP

fabricated with CAD/CAM technology offers ease of

insertion due to elimination of interproximal contact

adjustments and splinting of the implants where neces-

sary. Other options have also been proposed for the

complete arch fixed rehabilitation with segmented

prostheses and strategically positioned implants. Seg-

mentation of the complete arch prosthetic rehabilitation

has been proposed to improve ease of fabrication and

maintenance issues.49–52

Prosthetic design was stratified into metal resin and

metal ceramic IFCDPs. The preponderance of literature

reported on metal-resin IFCDPs (93.6% of all IFCDPs).

The longitudinal effectiveness of the metal-resin

IFCDPs has been demonstrated in the literature, and

technical complications like chipping encountered

with this type of prostheses may be easily fixable. No

studies comparing metal-ceramic IFCDPs to metal-resin

IFCDPs were identified. Only two studies reported on

metal-ceramic IFCDPs, but the number was too low

to draw any conclusions (469 metal-resin vs 32

metal-ceramic IFCDPs).33,38 Moreover, there is paucity

Implant and Prosthesis Survival Rates in Edentulous Mandible 713



of reports on complications with metal-ceramic IFCDPs

for edentulous mandibles, with observation periods of

at least 5 years.

Screw retention was the most common type of

retention (94.4% of all IFCDPs) and had no influence

on the implant survival rate. Only the study by Degidi

and colleagues reported on cement-retained IFCDPs.33

No direct comparison with cement retention could

be carried out due to the small number of reported

cement-retained IFCDPs (28 cement-retained IFCDPs

vs 473 screw-retained IFCDPs). A recent meta-analysis

showed that technical complications are frequently

encountered with IFCDPs during 5 to 10 years of clinical

function.53 Technical complications after the definitive

prosthesis placement may not lead to implant loss but

can result in an increased number of repairs and main-

tenance sessions. The 10-year cumulative rate of “pros-

thesis free of complications” of 8.6% (95% CI: 7.1–10.3)

reported in that review epitomizes the advantage of

retrievability of screw-retained IFCDPs vs cement-

retained metal-ceramic IFCDPs. Where applicable, a

segmented prosthetic design may be recommended for

the complete arch implant rehabilitation, for prosthetic

maintenance reasons.49–52

A previous consensus meeting reported that for the

edentulous mandible, both immediate and 6 to 8-week

post-implant placement loading protocols were sup-

ported by the literature.3 Conventional loading defined

as greater than 2 months after implant placement was

also equally predictable. The findings of the present

meta-analysis are in agreement with the aforementioned

consensus report. The loading protocol had no influence

on the estimates of prosthodontic survival rate at the

5- and 10-year end points.

Even though there was an abundance of retrospec-

tive studies reporting on various amounts of patients,

the decision was made to strictly include only RCTs and

prospective clinical trials, in order to reduce the high

risk of bias that the retrospective design inherently

carries. As no RCTs were identified during the full-text

reading, only prospective cohort studies were included

in the meta-analysis. It becomes clear that further long-

term RCTs are necessary in order to assist the dentists

in making the right everyday decisions based on

evidence-based quality research findings.

Only 5 out of the 17 included studies reported on

both survival and success rates.35,36,38,39,45 The success

rates reported in these studies were lower than the

survival rates. This is clearly manifested in the study by

Gallucci and colleagues,38 with a significant difference

between the reported 100% implant survival rate and

86.7% treatment success rate, when prosthesis survival

and complications where taken into consideration. In

another study by Eliasson and colleagues,35 the cumula-

tive implant survival rate of 99.4% contradicts the

success rate of 86.2% when implant fractures and exces-

sive annual radiographic bone loss where also consid-

ered. The advances in contemporary oral implantology

coupled with the patients’ high esthetic expectations

underscore the necessity for more factors to be included

in the success criteria assessment of the implant pros-

theses, besides the implant survival.54

Patient-centered outcomes are frequently over-

looked, in spite of the obvious ramifications in the

success of the dental implant therapy.55 Most of the

included articles did not present data on patient-

centered outcomes. Restoration of function, esthetics,

and patient satisfaction is the goal when treating the

edentulous patient with dental implants and thus new

studies should report on these important parameters of

the implant treatment.

In this context, well-defined success criteria should

be established and used for reporting and assessing

implant, prosthetic, and patient-centered outcomes as

well as biological and technical complications. Longitu-

dinal clinical studies should ideally report on complica-

tions in order to provide clinicians with reliable and

thorough information for evidence-based treatment

planning.

CONCLUSION

The 5- and 10-year estimated implant and prosthodon-

tic survival rates with all IFCDPs clearly demonstrate

that treatment with mandibular IFCDPs yields high

implant and prosthodontic survival rates (more than

96% survival after 10 years). Rough surface implants

exhibited cumulative survival rates similar to the

smooth surface ones in the edentulous mandible.

The number of supporting implants and the antero-

posterior implant distribution had no influence on the

implant survival rate. The prosthetic design, the veneer-

ing material, and the retention type had no influence on

the prosthodontic survival rates. The loading protocol

also had no influence on the prosthodontic survival

rates. However, the results of this study should be care-

fully interpreted as they present survival and do not
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reflect success. Further clinical trials with metal ceramic

IFCDPs and at least 5-year follow-up are necessary.
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