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Purpose: A systematic review and meta-analysis of studies that specifically
compared immediate to conventional loading of single implant crowns was conducted
and the overall treatment effect was estimated. Materials and Methods: MEDLINE,
the Cochrane Controlled Trials Register, and bibliographies of relevant primary and
review articles were searched. Randomized and nonrandomized controlled studies
that compared immediate with conventional loading of single implant crowns were
selected according to strict criteria. From the 105 articles screened, five studies with
248 implants were analyzed. The meta-analysis was prepared in accordance with the
Quality of Reporting of Meta-analyses (QUOROM) statement. Descriptive and
outcome data were extracted using specially designed data extraction forms. The
data were entered into MIX software for meta-analysis using a fixed effects model,
relative risk, and 95% confidence interval (Cl). Results: Immediate loading of single
implant crowns was associated with a significantly higher risk of implant failure
(relative risk: 5.07, 95% CI: 2.00 to 12.84, P < .001). Pooling of randomized controlled
trials showed similar results, although the difference was not statistically significant.
Immediate nonocclusal loading was also associated with worse outcomes when
compared to conventional loading (relative risk: 4.76, 95% Cl: 1.74 to 13.02, P = .002).
Conclusions: This systematic review and meta-analysis shows that better outcomes
are currently achieved using conventional loading of single implants with crowns, as
opposed to immediately loaded ones, which are at a higher risk of failure. Further
adequately powered clinical trials are needed. Caution with immediate loading of
implants with crowns as a standard of care for single tooth replacement is
recommended. Int J Prosthodont 2009;22:378-387.

In the late 1960s, Brdnemark and coworkers de-
scribed a protocol leading to the successful osseo-
integration of oral implants.? They recommended a
healingperiod of 8 to 12 months after tooth extraction
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before placing implants, followed by submerged and
unloaded healing periods of 3 to 6 months. This treat-
ment sequence is known historically as the two-stage
submerged procedure?? and was designed to eliminate
implant micromovement after implant surgery, which
was thought to likely result in either failure to osseo-
integrate or fibrous tissue encapsulation of the im-
plant. In addition, coverage of an implant with the
two-stage procedure was originally proposed to pre-
vent infection and epithelial downgrowth.?

The high success and survival rates reported for
various implant systems using this protocol for single
tooth replacement meant that the two-stage sub-
merged procedure was initially considered the stan-
dard of care for oral implants.5-'" However, in meeting
many patients’ desires for a shorter treatment time,
clinicians have attempted to load implants immediately
or soon after placement. The application of immediate
loading protocols to single implant crowns was initially
seen as more challenging than multiple implants in
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partially and totally edentulous arches since they lack
mutual or cross-arch stabilization.'>'* However, im-
provements in surgical techniques and implant designs
have enhanced primary stability of implants, increas-
ing the acceptance of modifying the loading protocols
for single implant crowns.

Immediate loading may be defined as either non-
functional, consisting of immediate provisionalization
with nonoccluding provisional crowns, or functional,
where the provisonal or definitive crown is placed in oc-
clusion. The reduced loading that accompanies im-
mediate provisionalization might be thought to produce
a more predictable outcome compared with immedi-
ate functional loading. However, a study comparing
these two loading protocols could find no statistically
significant difference in treatment outcomes.'®

Immediately loaded single implants in the anterior
region have the advantage of shortened treatment
time and optimization of esthetics and function, and
several studies have shown high survival rates.'6-23
As a result, today, the immediate implant loading pro-
tocol in a single-tooth restoration is a popular and ac-
cepted treatment modality among clinicians. However,
many studies only report short-term outcomes for this
approach and there is a trend indicating greater vari-
ability in survival rates for immediately loaded single-
tooth implants, compared with conventionally loaded
implants.?4#25 Furthermore, although an updated
Cochrane review?® showed no statistically significant
differences between the different loading protocols
for both partially and fully edentulous situations, the au-
thors recommended proper patient selection and high
primary stability as requirements for successful im-
mediate and early loading protocols. Therefore, there
is still a further need to critically review the immediate
loading protocols with respect to the restoration of
single implant crowns. Meta-analysis is an analytic
method where both independent and different studies
are integrated, and their results are pooled together
mathematically into a single common result. This
should enhance the precision of estimates of treatment
effects and consequently lead to improvements in pol-
icy making and clinical strategies.

The aim of this study was to perform a systematic re-
view and meta-analysis of available studies that specif-
ically compared immediate loading of single implant
crowns to conventional loading in order to provide an
estimate of an overall treatment effect.

Materials and Methods

This current systematic review was conducted ac-
cording to procedures suggested by the Quality of
Reporting of Meta-analyses (QUOROM) statement.?’
The PICO formula approach was also used to develop

a clear question, with the objectives and the inclusion
criteria organized into a single focused format.? The
acronym stands for P (population or patient), | (inter-
vention being investigated), C (comparisons), and O
(outcomes). Thus, for the present study:

» Population: patients that need single implants.

* Intervention: immediate loading of single implants in
the anterior esthetic zone.

» Comparison: conventional loading of single implants
in the anterior esthetic zone.

* QOutcome: implant survival.

Search Protocol

A computer search of electronic databases, primarily
MEDLINE via Ovid database (from 1969 to November
1, 2007), and the Cochrane Central Register of
Controlled Trials was performed for articles written in
English. Keywords included “immediate loading,” “im-
mediate provisionalization,” “conventional loading,”
“single implant,” “dental implants,” and “endosseous
implants,” used alone or in combination under the
publication type “randomized controlled studies” and
“controlled trials.”

Manual searches of the bibliographies of all re-
trieved papers and related reviews selected from the
electronic search were also performed. Furthermore,
manual searching was applied to the following journals
for the years 2001 to 2007: International Journal of
Prosthodontics, International Journal of Oral and
Maxillofacial Implants, International Journal of
Periodontics and Restorative Dentistry, Journal of
Prosthetic Dentistry, Implant Dentistry, Clinical Oral
Implants Research, Clinical Implant Dentistry and Related
Research, Journal of Clinical Periodontology, and Journal
of Periodontology. The search and screening process
was carried out by two independent reviewers, with dis-
agreements resolved by a third examiner.

Study Selection

For the selection of papers, appropriate inclusion and
exclusion criteria pertaining to the question in focus
were established prior to the literature search. To be
eligible for inclusion in the meta-analysis, studies had
to be randomized controlled clinical trials or controlled
clinical trials that compared the immediate loading of
single implants with crowns in anterior regions (in-
cluding premolars) to conventional loading. A sample
size with a minimum of 10 single implants in the im-
mediate loading group was required. Investigations in
which all or part of the study population were restored
with either implant-supported overdentures or implant-
supported partial or full-arch prostheses were excluded.
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Trials were also excluded if the test (immediately
loaded) and control (conventionally loaded) groups
consisted of differing implant systems or configura-
tions, or when the number of implants placed, the du-
ration of follow-up, or the withdrawal and/or failure
rates were not reported. The review was restricted to
peer-reviewed publications dealing with endosseous,
solid titanium screw-shaped implants. Only data from
clinical (human) studies with a minimum follow-up
period of 6 months were evaluated.

Implant survival was defined as the presence of the
implant at the time of the evaluation. Immediate load-
ing was defined as occlusal or nonocclusal restoration
of implants on the same day the implants were placed?®
or within the first 48 hours following implant place-
ment,*® and conventional loading referred to placing
the restoration in a second procedure after a healing
period of 3 to 6 months.3® Early loading was not in-
cluded in this review as its definition in the literature is
imprecise—periods ranging from 1 to 8 weeks?® or from
48 hours to 12 weeks® after implant insertion have
been labeled early loading.

Data Extraction

Using a data extraction form, the following was ex-
tracted from the papers that were selected for evalua-
tion: year of publication, patient inclusion and exclusion
criteria, implant loading time, patient demographics,
number of implants per treatment arm, implant survival
rate, the time of outcome evaluation, and whether the
immediate provisional restoration was placed in or out
of occlusion.

Statistical Analysis

Data analysis was performed using a meta-analytic
software package called MIX (Meta-analysis with
Interactive eXplanations [available at www.mix-
for-meta-analysis.info]),3"-32 with the relative risk for
dichotomous outcomes being presented with 95%
confidence intervals (Cls). In the language of meta-
analysis, homogeneity implies a mathematical com-
patibility between the results of each individual trial.
Narrowing the inclusion criteria increases homogene-
ity but also excludes the results of more trials and thus
risks the exclusion of significant data. The Cochran Q
test was used to test for heterogeneity to assess the sig-
nificance of the discrepancies in the estimates of treat-
ment effects from the different trials. Where statistically
significant (P < .10) heterogeneity is detected, a ran-
dom effects model should be used to assess the sig-
nificance of treatment effects,3 this being a measure
that incorporates clinical heterogeneity of the overall es-
timate in the analysis. Where no statistically significant
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heterogeneity is found, analysis using a fixed effects
model is appropriate. In this study, a fixed effects model
was used throughout the analysis, since statistically sig-
nificant heterogeneity was not found. However, since
tests for heterogeneity have relatively low power,?* the
threshold for Pvalues was set higher (P<.10).

Sensitivity analyses were performed to investigate
two variables: study design and the type of occlusal
loading (functional versus nonfunctional). A forest plot,
which is a graphic display that shows the strength of
evidence in quantitative scientific studies, was used to
show the point estimate of the results of each individ-
ual study and the estimate of the overall result. In a typ-
ical forest plot, the weight of each study contributing
to the meta-analysis is proportional to the area of each
square, with its Cl represented by a horizontal line run-
ning through the square. A diamond shape shows the
overall estimate.

The authors also considered publication bias, which
can take several forms. Studies with statistically signif-
icant treatment effects are more likely to be accepted
for publication, are more likely to be published in
English, and may appear in multiple publications, com-
pared to trials that show neutral or negative effects.35-3
The possibility of publication bias was evaluated using
the funnel plot,®® Begg and Mazumdar’s rank correla-
tion test,®® and Macaskill et al’s regression test.** The
funnel plot method plots each trial’s effect size against
some other measure of its size, such as the precision,
the overall sample size, or the standard error. In the ab-
sence of bias, the plot should resemble a symmetric in-
verted funnel.®® An asymmetric funnel plot leads to
doubts over the appropriateness of a meta-analysis.

Results
Systematic Review

The electronic search retrieved 105 articles concerning
immediately loaded single implants (Fig 1). The hand
search did not provide any additional relevant studies.
Screening of the full texts led to the exclusion of 93
articles, leaving 12 trials'%2241-50 for more detailed
analysis. Of these, seven studies were excluded for the
following reasons: two trials“>*® compared early load-
ing with conventional loading; one trial*' reported on five
unsplinted single implants, the remainder being
implant-supported fixed partial dentures (FPDs); one
study** only considered splinted implants supporting
FPDs; one paper*® compared immediate versus early
loading for partially edentulous patients; one article*®
was a retrospective noncontrolled study; and the final
excluded paper*” compared different implant systems
in the test and control groups and did not report implant
failure as an outcome measure.
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Initial electronic search
(n=2737)

Studies excluded as
abstracts—did not comply
> | with the inclusion criteria
Y (n = 2,632)

Trials retrieved for

more detailed
scrutinization (n = 105)

Studies excluded as full texts—
———> did not comply with the
Y inclusion criteria (n = 93)
Potentially appropriate
trials to be included in
the meta-analysis
(n=12)

Studies excluded due to the
following reasons:
e Different loading time
> e No. of single implants
] e Two implant systems
e Multiunit splinted implants

Trials included in the .
. Ret 1 tud
meta-analysis (n = 5) *he rospe(cnl\;e7s) uay

Fig1 Process of the search strategy.

The remaining five trials'%2248-%0 fylfilled the inclu-
sion criteria and were published in peer-reviewed jour-
nals (Table 1). Two of the trials?24? were randomized,
and the rest were controlled clinical trials. The longest
follow-up within the included studies was 24
months*850 and the shortest was 6 months.*® Four tri-
als'9224850 reported immediate nonocclusal loading
and only one*® placed the transitional crown immedi-
ately into occlusion.

Four trials'®22484% were limited to single implant
restorations and only one®® had both single and multi-
unit implant restorations. For the latter paper,®® only
data pertaining to single implants were extracted and
included in the current analysis. A total of 248 im-
plants were included in this meta-analysis, with an
overall implant failure rate of 20/248 (8.1%).

Five implant systems were used in these studies:
XiVE (Dentsply/Friadent), Branemark (Nobel Biocare),
Southern (Southern Implants), Zimmer (Zimmer
Dental), and Frialit-2 (Dentsply/Friadent).

Details of the Included Trials

In the study performed by Ericsson et al,’® 14 immedi-
ately loaded (within 24 hours) single-tooth Bradnemark
implants were compared with eight conventionally
loaded (3 months after implantation) single-tooth im-
plants. All implants were placed anterior to the molars
in both arches. The evaluation period was 18 months,
during which two implants failed in the immediately
loaded group. No statistically significant differences for
implant failures or changes in marginal bone level
were detected between the two groups.

Ottoni et al*® performed a split-mouth trial of 46 im-
mediately and conventionally loaded single-tooth
Frialit-2 implants placed at or anterior to the second
premolar in the maxilla or mandible. Patients were fol-
lowed up for 24 months. Ten out of the 23 immediately
loaded implants failed versus one out of 23 in the con-
ventionally loaded group. Failure of immediately loaded
implants was negatively correlated with initial insertion
torque; nine of the 10 failed immediately loaded im-
plants had an insertion torque of <20 Ncm. The authors
recommended that only implants that required an in-
sertion torque > 32 Ncm (indicating better quality
bone) should be considered for immediate loading in
single-tooth situations. There were no statistically sig-
nificant differences between the two groups in regard
to marginal bone level loss.

Oh et al*® compared 12 immediately loaded (at place-
ment) single-tooth Zimmer implants with 12 single-
tooth implants conventionally loaded after 4 months.
All implants were placed in the anterior maxilla using
a flapless technique and evaluated for 6 months after
loading. Three implants failed in the immediately loaded
group; there were no statistically significant differ-
ences in implant failures between the two groups.

Degidi et al® evaluated a total of 1,005 XiVE dental
implants placed in 371 patients for 24 months. Of these,
32 single-tooth implants were immediately loaded
(within 1 to 2 hours) and 96 single-tooth implants were
conventionally loaded. Only one implant failed in the
immediately loaded group versus two implants in the
control group. There were no statistically significant dif-
ferences for implant failure or marginal bone levels be-
tween the two groups.

Hall et al??> compared 14 immediately loaded (at
placement) single Southern tapered implants with 14
conventionally loaded (after 6 months) implants. Allim-
plants were placed in the anterior maxilla and followed
up for 1 year. One participant in the test group failed
to return for the 1-year recall but confirmed that the im-
plant was still in function. Two control participants did
not return for the 1-year recall visit. One implant failed
in the immediately loaded group. There were no sta-
tistically significant differences for implant failure, mu-
cosal response, or marginal bone level changes be-
tween the test and control groups.

In four studies,'%%24850 participants were assessed
against generally similar and strict requirements. The
inclusion criteria for these studies included a good
general and oral health condition, sufficient bone vol-
ume, no evidence of smoking or bruxing, no need for
hard tissue augmentation, patient availability for a
postoperative control program, and adequate primary
stability. However, the exclusion criteria were not clear
in one paper.”® Favorable mucosal responses were
demonstrated for immediately loaded implants in two
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Table 1 Characteristics of the Included Studies
Occlusion
Study/ No. of Implant Time to of immediate Allocation Follow-up Survival
design implants system loading provisional crown  Implant location  concealment period rate (%)
Degidi et al*®
CcT 128 XiVE No contacts Unclear from text Not used 24 mo
IL 32 Within 1to 2 h 96.7
DL 96 After 6 mo 97.9
Ericsson et al'®
CT 22 Branemark Minimal or no Anterior Not used 18 mo
IL 14 Within 24 h contacts (maxilla, mandible) 85.5
DL 8 After 3 mo 100
Hall et al?
RCT 28 Southern No contacts Anterior maxilla Adequate 12 mo
IL 14 Implants At placement 92.9
DL 14 After 26 wk 100
Oh et al*®
RCT 24 Zimmer In occlusal contact Anterior maxilla Unclear from 6 mo
IL 12 At placement text 75
DL 12 After 4 mo 100
Ottoni et al*®
CcT 46 Frialit-2 No contacts Anterior Not used 24 mo
IL 23 At placement (maxilla, mandible) 56.5
DL 23 Delayed 95.7
(not specified)
CT = controlled trial; RCT = randomized controlled trial; IL = immediate loading; DL = delayed loading.
studies,*®*% as the provisional crown preserved the
gingival contour and interdental papilla during the 0 -
healing phase, resulting in excellent esthetic out- 02
comes.?? There were no differences in marginal bone '
loss between the immediate and conventional loading 04 1
approaches, at least in the short-term,'9:2248-50 5 06 1
All of the included studies had a higher failure rate ; 0.8 -
for the immediately loaded group. However, this was 10 Ottoni et al
not statl_stlcally S|gn|f|_cant in any st_udy. Various reasons #1201 Deolictale
were given for the increased failure rates. Flapless 4
placement and immediate functional loading were 1'6 EricssHorlwlettal‘- *Ohetal
. . . . . 6 - all et ale
claimed to contribute to the relatively high failure rates
; ; ; 49 i ; 1.8 : : 1 ; . . T )
in t_he immediately Iqaded group. I_mmed|ate Ioad_mg S T T % 1 & &
of implants placed in fresh extraction sockets,?® im- Logarithm of relative risk
proper oral hygiene maintenance,'® and an insertion

torque of less than 32 Ncm*® were also suggested as
reasons for a higher failure rate among immediately
loaded single implants.

Meta-analysis

In the assessment of publication bias, the funnel plot
showed a symmetric funnel shape, hence substantiat-
ing the validity of the meta-analysis (Fig 2). However,
the quantitative assessments using Begg and
Mazumdar’s rank correlation test (P = .81) and
Macaskill et al’s test (P = .48) were not supportive of
publication bias.
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Fig2 Funnel plot for assessment of publication bias.

Information on the implant failure rate was reported
in all the studies included in the meta-analysis. The
fixed effects model was used since the test result for
heterogeneity (x2= 1.75, P = .78) indicated neither
significant heterogeneity within studies, nor between-
study variability (/2= 0%, 95% Cl: 0% to 79.2%). Overall,
there was a significantly lower risk of implant failure in
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Exposed Control Association measure
Study nle] (E=1)/h[e] [c] (E=1)/h[c] Weight (%) with 95% CI
Degidi et al, 2006 1/32 2/96 27.59 1.500 (0.1407 - 15.9961)
Ericsson et al 2000 2/14 0/8 17.24 3.000 (0.1615 - 55.7207)
Hall et al 2007 1/14 0/14 13.79 3.000 (0.1325 - 67.9096)
Oh et al 2006 3/12 0/12 = ! 13.79 7.000 (0.4002 - 122.4418)
Ottoni et al 2005 10/23 1/23 L 27.59 10.000 (1.3908 - 71.9009)
Meta-analysis 17/95 3/153 - 100.00 5.069 (2.0011 - 12.8401)
0.1 1 10 100 1000
a RR (log scale)
Exposed Control Association measure
Study nle] (E= 1)/h[e] [c] (E=1)/h[c] Weight (%) with 95% CI
Degidi et al 2006 1/32 2/96 = ' 38.10 1.500 (0.1407 - 15.9961)
Ericsson et al 2000 2/14 0/8 23.81 3.000 (0.1615 - 55.7207)
Hall et al 2007 1/14 0/14 19.05 3.000 (0.1325 - 67.9096)
Oh et al 2006 3/12 0/12 19.05 7.000 (0.4002 - 122.4418)
Meta-analysis 7172 2/130 e 100.00 3.1905 (0.9753 - 10.4365)
0.1 1 10 100 1000
b RR (log scale)
Exposed Control Association measure
Study nle] (E=1)/h[e] [c] (E= 1)/h[c] Weight (%) with 95% CI
Degidi et al 2006 1/32 2/96 32.00 1.500 (0.1407 - 15.9961)
Ericsson et al 2000 2/14 0/8 20.00 3.000 (0.1615 - 55.7207)
Hall et al 2007 114 0/14 " 1 16.00 3.000 (0.1325 - 67.9096)
Ottoni et al 2005 10/23 1/23 —_— 32.00 10.000 (1.3908 - 71.9009)
Meta-analysis 14/83 3/141 —_= 100.00 4.760 (1.7401 - 13.0210)
0.1 1 10 100
c RR (log scale)
Exposed Control Association measure
Study nle] (E= 1)/h[e] [c] (E= 1)/h[c] Weight (%) with 95% CI
Hall et al 2007 114 0/14 50.00 3.000 (0.1325 - 67.9096)
Oh et al 2006 3/12 0/12 ] 50.00 7.000 (0.4002 - 122.4418)
Meta-analysis 4/26 0/26 e 100.00 5.000 (0.8365 - 28.9515)

d

0.1

1 10 100
RR (log scale)

1000

Figs 3ato 3d Forest plots of (a) all trials reporting implant failures, (b) homogenous trials reporting implant failures, (¢) studies re-
porting on immediate nonfunctional loading protocol, and (d) all randomized clinical trials. The boxes represent the relative risk (RR)
estimates with the horizontal lines representing 95% Cls for the point estimate in each study. The size of the boxes represents the
weight given to the study. The right column shows the numeric values for each study and summary measure.

conventionally loaded groups compared with immedi-
ately loaded implants (relative risk: 5.00, 95% CI: 2.00
to 12.84, P<.001) (Fig 3a).

Despite the lack of significant heterogeneity, one
study was considered as an obvious outlier*® due to a
very high failure rate among the immediate loading
group. Using the fixed effects model, an analysis of the

remaining four studies showed a smaller difference be-
tween the two groups, although still marginally signif-
icant in favor of the conventional group (relative risk:
3.19, 95% CI: 0.98 to 10.44, P=.055) (Fig 3b).

A sensitivity analysis was performed for the four
studies’®224850 that reported an immediate, nonoc-
clusal loading protocol. The fixed effects model was
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again used as the test for heterogeneity between the
four studies and was not statistically significant (%=
1.64, P=.65). There was a statistically significant dif-
ference between the different loading strategies, with
a higher risk of implant failure in the immediately
loaded implants even when the provisional crown was
placed in nonocclusal contact (relative risk: 4.76, 95%
Cl: 1.74 t0 13.02, P=.002) (Fig 3c).

Further sensitivity analysis of the two randomized
controlled trials (RCTs)?>*% in this review revealed a
better outcome for the delayed loading group, although
the difference was not statistically significant (relative
risk: 5.00, 95% Cl: 0.86 to 28.95, P=.07) (Fig 3d). The
test result for heterogeneity was also not significant
(x?=0.16, P=.69).

Discussion

This systematic review and meta-analysis was per-
formed to evaluate the clinical effectiveness of imme-
diate loading of single implant crowns in the anterior
esthetic region. The eligibility criteria for accepting
publications were restricted to provide more accurate
and comprehensive information from the literature.
The effect sizes of five trials'2248-50 that compared
immediate to conventional single implant loading were
combined using a fixed effects model. A statistically sig-
nificant difference was demonstrated between the two
loading strategies, with implant failure occurring more
often after immediate loading (relative risk: 3 to 5
times). Since the secondary analyses made little or no
difference to the overall results, we can assume that the
review's conclusions are valid.

An interesting finding was the higher failure risk of
immediate nonocclusal loading when compared to
conventional loading. Several authors stated that lim-
itation of occlusal forces is a critical factor for suc-
cessful immediate loading.'8%"52 However, claims that
immediate provisionalization provided better primary
stability were not supported by the results of this study.
The authors suggest that nonoccluding immediate
restorations are actually functionally loaded during
mastication. Additional properly designed studies are
still needed to conclusively determine the influence of
occlusion-related factors.

Several excellent review articles have been pub-
lished on immediate and early implant loading proto-
cols, including an updated Cochrane review and meta-
analysis?® restricted to RCTs including both partially
and fully edentulous participants, a critical review®' that
reported the advantages and disadvantages of imme-
diate and early loading protocols and the key factors
needed for a successful outcome, and finally a com-
prehensive literature review?* that included a wide
range of study designs and discussed different loading

384 The International Journal of Prosthodontics

protocols in various clinical applications, including sin-
gle implants. The systematic review presented in this ar-
ticle differs from previous work in a number of ways. First,
the authors focused on immediate loading for single im-
plants. They consider that this reduced heterogeneity in
the data and increased the validity of their findings.
Second, studies that used an early loading protocol
were excluded since this was considered to be poorly de-
fined. The authors feel that this results in a more objec-
tive assessment of the effect of immediate loading. Third,
the criteria for this review were stringent, being re-
stricted to studies with control groups in order to ensure
that only studies of the highest quality were included.

One of the limitations of this review and subsequent
meta-analysis is that the search terminated in November
2007. However, the findings were substantiated when
a subsequent search using the same strategy was con-
ducted up to July 1, 2008. Six additional trials®-%8 were
identified. However, none of them were found eligible
to be included in the present meta-analysis. The reasons
for their elimination are summarized in Table 2.

The present meta-analysis must be interpreted with
caution due to the small number of studies that met the
restricted eligibility criteria; only five RCTs or controlled
trials were included,'9?248-%0 with an overall sample
size of only 248 implants. The selected studies had dif-
fering inclusion and exclusion criteria and short-term
follow-up periods. The analysis was not adjusted for
variations in duration of follow-up. Furthermore, the
search strategy did not include the EMBASE database.
Searching EMBASE as well as MEDLINE can add up to
30% more references, mainly from European journals.
However, omission of these additional studies does
not appear to bias the results of the meta-analysis.?®
Moreover, it was considered unnecessary to search
other databases, since hand searching did not uncover
any additional papers.

The present analysis was restricted to published
data. It is possible that studies with negative results,
which showed no trend in favor of either intervention,
may remain unpublished, forming part of the “gray”
literature that also includes conference proceedings,
graduate theses, company reports, and guidelines.
Although the results in the “gray” literature may be of
a lower quality than peer-reviewed published literature,
it has been suggested that the exclusion of such results
from meta-analyses may result in an overestimation of
the effect size by an average of 129%.%0 This meta-
analysis was also limited to English language publica-
tions for practical reasons; although this might limit the
number of studies retrieved, it is not thought to bias the
effect size.®' The authors acknowledge the fact that
k tests were not used to evaluate the level of agreement
between the reviewers. Any disagreements were usu-
ally resolved by discussion.
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Table 2 Reasons for Exclusion of Newly Retrieved Trials

Study

Reason for exclusion

Turkyilmaz et al%
Giincii et al®
Zollner et al®®
Galli et al®®
Susarla et al®’
Donati et al®®

Retrospective cohort study

Compared early and delayed loading protocols
Limited to mandibular molar sites

Compared immediate and early loading protocols
Only seven single implants in the test group

The use of modified implant placement procedure, which is beyond the scope of this review

Funnel plots were used to consider whether publi-
cation bias was present® and a degree of asymmetry
was observed. However, smaller studies tend to have
greater effects than larger ones, which could also con-
tribute to the observed asymmetry of the funnel plot,
even in the absence of publication bias.3® Statistical
tests, such as Begg and Mazumdar's rank correlation
test®® and Macaskill et al's regression test,*® were em-
ployed to provide a more formal assessment of publi-
cation bias than the inspection of funnel plots.
Although such tests indicated no obvious evidence for
the existence of publication or related bias, this can-
not be completely excluded due to the small study size
and the low power of these statistical tests.

It is important to keep in mind that a meta-analysis
only serves to increase the power and hence the pre-
cision of an estimate; it does not increase the validity
or believability of the results. In addition, the results of
meta-analyses based on a small number of studies
should be taken with caution, regardless of the signif-
icance of the result.5?

Although the findings of this systematic review and
meta-analysis are clearly not robust enough to guide
clinical practice, they do demonstrate better outcomes
with a conventional loading protocol for single implant
crowns. Therefore, the authors suggest caution with the
recommendation of immediate loading of implants
with crowns as a standard of care for single tooth re-
placement.

Conclusion

This systematic review and meta-analysis has shown
that better outcomes are currently achieved with con-
ventional loading of single implants with crowns, as op-
posed to immediately loaded implants, which carry a
higher risk of failure. More definitive data from clinical
trials of sufficient power are still needed to understand
the effect of the timing of loading, to identify appro-
priate indications, and to investigate the factors that
may compromise the success of single implants with
crowns.
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