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INTRODUCTION

Systematic reviews with meta-analyses provide a high level
of scientific evidence; however the quality of the scientific
evidence in the dental literature is low despite the exponential
increase in the publication of systematic reviews [1-3]. There
is evidence in the literature that meta-analyses can often
include heterogeneous studies of varying methodological
quality which can have an impact on our confidence in the
results [4].

Including heterogeneous studies of high risk of bias in the
meta-analysis, neglecting publication bias, and ignoring clus-
tering effects can bias meta-analytical estimates and therefore
clinical decisions. Different types of heterogeneity have been
described in the literature and they include statistical, method-
ological, and clinical heterogeneity [5]. Clinical heterogeneity
refers to differences in the characteristics of participants,
interventions, and outcomes. Methodological heterogeneity
refers to the different designs of the studies, and statistical het-
erogeneity refers to the dissimilarity of the individual study
estimates and their range. Often heterogeneity is measured
statistically and interpreted, incorrectly, using the I> value.
When these values are low, some consider that there is no
apparent heterogeneity among trials, which would suggest
that combining individual studies is reasonable and that the
meta-analytic estimate can be trusted [6]. However, low P
values do not give an indication of the level of methodologi-
cal and clinical heterogeneity, and following only statistical
parameters to determine the robustness of a meta-analysis
might be misleading [6, 7]. Biased results may also occur
in the presence of publication bias [8], which is defined as
the publication of studies based on the size and direction of
the effect. In essence, publication bias means that from the
population of all conducted studies, only a subsample with
statistically significant results is published, whereas stud-
ies with smaller or non-significant effects are not published,
biasing the meta-analytical estimates.

Interpretation of meta-analysis estimates can also be influ-
enced by multiple measurements associated with clustering,
aterm used to describe aggregates of individuals, or a collec-
tion of multiple measurements taken from the same person,
such as implants in the same jaw. When multiple implants
are used within the same patient the outcomes are not
independent and clustering effects arise, which reduces the
effective sample size of a study [9]. Treating those dependent
within-patient outcomes as independent falsely increases
precision and reduces p-values, and the p-values may not be
correct and can lead to misinterpretation of study findings
depending on whether the p-value crosses the threshold of
statistical significance [10]. Interpretation based solely on
p-values is problematic [11, 12], and at the trial level is
compounded in the presence of clustering effects. The corre-
lations arising from the multiple implants may be measured

using the intra-cluster correlation coefficient (ICC), which
ranges from O to 1. An ICC value of 0 implies independence
and an ICC value of 1 implies perfect correlation within
patients [13]. More specifically, for ICC = 0 the multiple
measurements within a cluster are effectively independent
and each one of the multiple measurements contributes just as
much information as if each one of the within-cluster multiple
measurements were taken from different patients without
loss of information. By contrast, for ICC = 1, the multiple
within-cluster measurements are equivalent to a single
measurement resulting in a substantial loss of information.
The decrease in the effective sample size in clustered designs
can be determined by the design effect, which is related to
the ICC according to the formula D = 1 + (m — 1)-r, where
m is the number of implants per patient and » = ICC. Please
note that the above formula assumes constant cluster size,
which, however, is not always the case. From the design effect
formula, higher ICC values and larger clusters necessitate an
increase in the required sample size in a clustered design to
maintain the desired precision and power. In the context of
meta-analysis, the inclusion of studies with multiple observa-
tions can potentially have a similar effect by producing (too)
small p-values for the pooled effect, which is not genuine.

An area of particular interest in implant dentistry is when
implant insertion must be combined with sinus augmenta-
tion, with either autogenous bone or bone substitutes which
are inserted into the maxillary sinus through a lateral window
[14]. This procedure requires a degree of operator skill if the
most frequent complication of perforation of the Schneiderian
membrane is to be avoided [15]. The placement of multi-
ple implants in a patient’s jaw or quadrant following sinus
augmentation forms a cluster.

Despite the possible issues, the main question relevant for
any meta-analysis is whether the impact of bias is trivial,
modest, or substantial and whether meta-analysis findings are
robust. Thus, the aim of this case study was to demonstrate, by
re-evaluating pre-existing meta-analyses related to a specific
clinical question (sinus membrane perforation and implant
survival), the impact of a number of parametrers. In partic-
ular, we evaluate the influence of clinical, methodological,
and statistical heterogeneity of the primary studies, publi-
cation bias, and the effect of clustering (multiple implants
within patients) on the reported estimates and their preci-
sion, and hence on the clinical interpretation of the reported
findings.

MATERIAL AND METHODS
Search strategy and data selection

Two authors (CMF, MAA) independently searched for
meta-analyses of studies assessing implant survival in
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perforated and non-perforated maxillary membrane sinuses.
The unit of analysis was meta-analyses included in systematic
reviews. Therefore, we focused on the search of system-
atic reviews and excluded any other primary studies such as
randomized and non-randomized clinical studies. We used
a pre-defined search strategy applied to the MEDLINE via
PubMed database to identify potential meta-analyses (Table
S1). The search was conducted on 7 July 2021 and included
articles published from database inception to July 2021. We
screened the reference lists of meta-analyses retrieved from
the electronic search for potentially relevant meta-analyses.
The selection of meta-analyses was based on the pre-defined
research question: P = human participants, I = implant place-
ment in perforated membrane sinuses, C = implant placement
in non-perforated membrane sinuses, and O = implant fail-
ure. Implant failure in the context of the present work means
implant loss.

The PICO (patient, intervention, comparison, and out-
come) concept is widely used for the planning and assessing
of methodological quality for systematic reviews [16, 17].
Any disagreement in the inclusion/exclusion of studies
was discussed between the two authors until consensus
was achieved. It should be appreciated that the aim of this
study was not to undertake a new systematic review with a
quantitative analysis on this clinical question. With this in
mind, the search was limited to a single electronic database,
the grey literature was not searched, reporting was not
undertaken in relation to PRISMA, and the protocol was not
registered. Furthermore, we did not update the search for
relevant studies as the premise of this study was to identify
existing meta-analyses meeting the pre-defined question and
using data extracted from these studies to inform the planned
re-analysis, rather than generating updated estimates on the
effectiveness of the interventions.

Data extraction and analysis

All primary studies included in the forest plots were fur-
ther evaluated. Subsequently, a new meta-analysis using
the identified primary studies and three additional simula-
tion meta-analyses, based on clinical homogeneity and study
design, were conducted. To assess the degree of homogeneity
of the clinical outcomes (clinical heterogeneity) and to deter-
mine if it was appropriate for those studies to be combined
in a meta-analysis [18], the primary studies were evaluated
by two clinical assessors who are specialists in periodontol-
ogy and experienced in dental implant therapy (CMF, MAA).
Because there is no clear methodology to evaluate clinical het-
erogeneity among studies, we applied the PICO concept [17].
We assessed each study and conducted intensive discussions
on how the studies differ from the PICO perspective before a
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consensus was reached on the studies that should be included
in the new meta-analyses.

Methodological heterogeneity may arise as studies with dif-
ferent designs might influence the size of the meta-analytic
estimate [5, 19, 20]. To account for this, the design of the
primary study was assessed and classified as retrospective
or prospective. The methodological quality of the system-
atic reviews that included the three meta-analyses was also
assessed using the AMSTAR-2 checklist [16]. The AMSTAR-
2 checklist is one the most widely used tools to assess the
methodological quality of systematic reviews and it has been
validated [21]. The tool includes 16 items in the form of ques-
tions which are answered with yes, partial yes, and no to
address important domains of a systematic review. The selec-
tion, data extraction, and methodological assessment were
conducted independently and in duplicate by two assessors
(CMF, MAA) and disagreements were resolved by discussion
and consensus.

We implemented random-effects meta-analyses and calcu-
lated odds ratios (ORs) with the respective 95% confidence
intervals (CIs) and 95% prediction intervals (PIs). A PI is
defined as the interval within which the effect size of a new
study would fall if this study was selected at random from the
same population of the studies already included in the meta-
analysis [22, 23]. Therefore, reporting of the 95% PI provides
a more clinically meaningful assessment of the between-trial
heterogeneity in random effects meta-analyses [24]. Random
effects meta-analysis accounts for the heterogeneity among
the included studies because it assumes that there is no single
joint effect but rather the effect follows a distribution. The
restricted maximum likelihood estimator was used to calcu-
late the heterogeneity variance 7> and the Knapp-Hartung
adjustments [25], to reduce false positive results [26-28], and
to calculate the CI around the pooled effect. It has been shown
that the Knapp-Hartung adjustment can reduce in a relatively
large range of cases the chance of false positives since it
uses the t-distribution rather than the z-distribution [26-28].
For the main meta-analysis (meta-analysis 1), we examined
the influence of individual studies, small study effects, and
publication bias and their effect on the estimates and the
heterogeneity. A simulation study was conducted to assess the
effect of multiple implants (clustering effect) on the conclu-
sions of the meta-analyses. In the simulation study, we varied
the number of implants from 2 to 5 and the ICC from 0 to 0.5
to assess the possible effects on the precision of the estimates
and corresponding p-values. The choice of the implant range
was based on the range of the number of implants inserted
in the included studies. The ICC range was more arbitrary
as no relevant ICC values are reported in the literature and
we had no access to any of the raw datasets to calculate the
ICC. Since clustering reduces the amount of information,
the original sample size is not the effective sample size and
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TABLE 1

Meta-analysis Number of studies

Al-Dajani 2016 7
Al-Moraissi et al. 2018 13
Kim et al. 2019 4

Abbreviations: CI, confidence interval; OR, odds ratio; RR, risk ratio.

should be adjusted downward for correct inferences. We
adjusted the sample size by dividing the number of events
and the number of implants by the corresponding design
effect calculated by varying the number of implants and the
ICC according to the Cochrane recommendations for the
inclusion of clustered designs with binary outcomes in the
meta-analysis [29].

Using the above assumptions, meta-analysis 1 was con-
ducted for all possible combinations of the number of implants
(2-5) and the ICC values (0-0.5, in 0.01 increments), result-
ing in 200 estimates for meta-analysis 1. The pooled estimates,
the corresponding ClIs, PIs, and p-values of those 200 meta-
analyses were collected and the evolution of the standard error
(as a measure of precision) over the ICC range for different
numbers of implants were plotted. All analyses were con-
ducted with R SOFTWARE VERSION 4.0.3 (R Foundation for
Statistical Computing) using the packages metafor ver. 3.4-0,
dmetar and meta ver. 5.5-0.

RESULTS AND DISCUSSION

The search yielded five potential meta-analyses that fulfilled
the pre-defined research question. Following further review,
two meta-analyses [30, 31] were excluded as the reported
results were not directly related to the research question. The
remaining three meta-analyses [32—-34] were deemed appro-
priate and analysed. The results of the three meta-analyses
on the association between non-perforated/perforated sinus
membranes and implant failure are reported in Table 1. The
list of the 16 studies included in these three meta-analyses
is reported in the supplementary file in the Supporting
Information.

Methodological quality of the systematic
reviews

In relation to the AMSTAR-2 checklist, no systematic review
had more than 50% of items answered with yes or partial yes.
Al-Moraissi et al. [33] had eight items (50%), Kim et al. [34]
had five items (31.3%), and Al-Dajani [32] had three items
(18.8%) answered with yes or partial yes among a total of 16
items.

Results of the three meta-analyses on the association between non-perforated/perforated sinus membranes and implant loss.

Estimate (95% CI) p-value
OR 0.39 (0.8, 1.87) 0.24
RR 2.17 (1.52,3.11) 0.01
OR 1.76 (0.73, 4.28) 0.21

Overlap and methodological and clinical
heterogeneity of primary studies

The total number of primary studies included in the three orig-
inal meta-analyses was 16, of which 12 were included in the
new meta-analysis. As expected, some level of overlapping of
primary studies was evident when the respective forest plots
of the three original meta-analyses were assessed. Six stud-
ies were included in two meta-analyses and one study was
included in the three selected meta-analyses (Table 1). Clin-
ical heterogeneity was observed mainly in terms of the type
of instruments used to open the lateral bone wall and the time
of the placement of implants (during or after sinus lift proce-
dures). Table S2 reports the characteristics of primary studies
included in the three meta-analyses.

New meta-analysis 1, based on twelve primary
studies

Meta-analysis 1 (Figure 1) included 12 studies and reported a
statistically significant difference favouring implant survival
when sinus membrane was not perforated (OR 0.49, 95%
CI =1[0.26, 0.92], p < 0.001) (Table 2). The pooled estimate
indicates an average 51% lower odds of failure for non-
perforated sites. However, the 95% PI for the OR [0.18, 1.37],
which provides a range of the OR estimate for a future similar
study, includes a mixture of associations in both directions
suggesting uncertainty in the findings as it also includes
worse survival (37% higher odds) for the non-perforated
sites compared to the perforated sites. Some studies initially
selected were excluded from the final meta-analysis 1 (12
included from 16) due to the great clinical heterogeneity
among studies that did not allow a reasonable comparison
or due to patient overlap/duplication in the studies selected
(Table S2).

We further examined how robust the results were by explor-
ing publication bias and heterogeneity and their influence on
the stability of the estimates. Funnel plots (Figure 2) show
some evidence of small study effects (a possible reason for
publication bias) and funnel plot asymmetry; however, this
assessment is subjective [35] and may be due to other rea-
sons [35]. Peter’s test [36] did not provide enough evidence to
reject the null hypothesis for the absence of small study effects
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Non-perforated Perforated

Study Events Total Events Total
Hernandez-Alfaro et al. 2008 0 888 25 272
Proussaefs et al. 2004 0 22 5 21
Nolan et al. 2014 7 209 17 150
Bae et al. 2010 0o 17 1 15
Beck-Broichsitter et al. 2018 0 83 1 92
Holtzclaw 2015 3 158 1 23
Karabuda et al. 2006 9 233 2 26
Kim et al. 2013 6 44 7 30
Cha et al. 2014 13 394 3 68
Ferreira et al. 2017 24 1065 15 523
Shlomi et al. 2004 16 185 7 68
Froum et al. 2013 2 45 0 35
Random effects model 3343 1323

Prediction interval
Heterogeneity: I = 41%, t° = 0.1306, p = 0.07

FIGURE 1 Meta-analysis 1, with all studies included.

TABLE 2
Number of
studies OR (95% CI) p-value
Meta-analysis 1 12 0.49 (0.26,0.92) 0.05
Trim-and-fill 16 (4 added) 0.71 (0.27,1.82) 0.44
Outliers removed  Hernandez-Alfaro  0.57 (0.38, 0.85) 0.01
et al. 2008

Abbreviations: OR, odds ratio; CI, confidence interval; PI, prediction interval.

(p = 0.78). However, such tests have low power, and a non-
significant result does not necessarily exclude the possibility
that some studies have not been published and thus are not
available for inclusion in the meta-analysis. We also applied
the trim-and-fill method [37] in order to estimate the number
of missing studies under the assumption that in the absence of
publication bias, studies should be symmetrically distributed
around the pooled effect. The pooled estimate is recomputed
after the data augmentation process and its robustness can
be examined by comparing the estimates in the original and
augmented plots. This method added four studies to account
for funnel plot asymmetry (Figure 2). The estimates became
more conservative, and heterogeneity increased dramatically
(Table 2). It should be made clear that the trim-and-fill method
is only a sensitivity analysis and not a method to compute a
more valid pooled estimate.

The heterogeneity measured by = = 0.36, 95% CI = [0.00,
2.34], indicates that some between-study heterogeneity exists
in our data. The I? = 41% indicates that close to half of the
variation in our data is estimated to come from true effect size
differences. The PI, which incorporates the between-study
heterogeneity, includes values below and above 1.0, suggest-
ing that it is possible that some future studies of the same

0.001 01 1 10

Odds Ratio OR 95%-Cl Weight
: 0.01 [0.00; 0.09] 2.6%
= 0.07 [0.00; 1.29] 2.4%
— 0.27 [0.11; 0.67] 16.6%
—— 0.28 [0.01; 7.31] 2.0%
S 0.37 [0.01; 9.09] 2.0%
— 0.43 [0.04; 4.28] 3.8%
—s— 0.48 [0.10; 2.36] 7.3%
—=- 0.52 [0.16; 1.73] 11.2%
——- 0.74 [0.21; 2.67] 10.2%
= 0.78 [0.41; 1.50] 23.7%
o 0.83 [0.32; 2.10] 16.0%
— 4.08 [0.19;87.77] 2.2%
< 0.49 [0.26; 0.92] 100.0%

| e S | [0.18; 1.37]

1000

Main meta-analysis 1, meta-analysis 1 with trim-and-fill sensitivity, and outlier removal analysis.

Q test for
P tau PI heterogeneity
41.0% (0.0%, 70.1%)  0.36 (0.00, 2.34) 0.18, 1.37 0.07
62.6% (35.8%, 18.2%) 1.16(0.71,2.93) 0.05, 10.09 <0.001
0.0% (0.0%, 51.5%) 0.14 (0.00, 1.07) 0.34,0.96 0.61

population mix of studies can favour perforated sites in terms
of implant survival compared to non-perforated sites.

There was weak evidence of significant heterogeneity
based on the Q test (p = 0.07); however, given the limitations
of this test [38], decisions on heterogeneity should not be
based on the Q test alone. The results suggest that we have
low to substantial heterogeneity, indicating some differences
in the true effect sizes between studies, and it would be
worth investigating this further to see if any studies have
much higher/lower effects pulling the estimates up or down.
Outlier studies and studies with high influence that differ
substantially from the rest and increase the between-study
heterogeneity and estimates should be identified [39]. The
outlier analysis identified the study by Hernandez-Alfaro
et al. [15] and the meta-analysis without this study seem to
be more stable (Table 2) with decreased heterogeneity and
range of effects in favour of non-perforated sites both for the
95% CI and the 95% PI.

Influence diagnostics examines the impact of a study or
studies on the effect and heterogeneity estimates. Several
diagnostic approaches are available [39, 40], and the Bau-
jat plot [41] (not shown) indicates the contribution of each
study to the overall heterogeneity and its influence on
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FIGURE 2 (Left) Funnel plot for meta-analysis 1. (Right) Funnel plot after applying trim-and-fill with four studies added to the right of the red

vertical line (hollow circles).

Non-perforated Perforated

Study Events Total Events Total
Proussaefs et al. 2004 0o 22 5 21
Nolan et al. 2014 7 209 17 150
Bae et al. 2010 0o 17 1 15
Karabuda et al. 2006 9 233 2 26
Chaetal. 2014 13 394 3 68
Ferreira et al. 2017 24 1065 15 523
Shlomi et al. 2004 16 185 7 68
Froum et al. 2013 2 45 0 35
Random effects model 2170 906

Prediction interval
Heterogeneity: I? = 13%, 7% = 0.0639, p=0.33

FIGURE 3

the pooled effect size. Again, we observed that the study
of Hernandez-Alfaro et al. [15] has the biggest contribution
to the heterogeneity. This study has the second largest sample
size and has zero events in one arm. It should be noted that we
are not suggesting that this study should be removed from the
meta-analysis, but we are merely trying to examine in more
detail the sources of heterogeneity.

Simulation meta-analyses 2-4

Meta-analysis 2 (Figure 3) (OR =0.58,95% CI=[0.33, 1.02],
p = 0.06), based on more homogenous studies, included eight
studies, and suggested on average 42% lower odds of failures
for the non-perforated sites with a 95% PI for the OR of [0.25,

Odds Ratio OR 95%-Cl Weight
—+ 0.07 [0.00; 1.29] 2.5%
- 0.27 [0.11; 0.67] 20.8%
0.28 [0.01; 7.31] 2.0%
— 0.48 [0.10; 2.36] 8.0%
—— 0.74 [0.21; 2.67] 11.7%
21 0.78 [0.41; 1.50] 32.9%
—=— 0.83 [0.32; 2.10] 19.8%
————— 4.08 [0.19;87.77] 2.3%
< 0.58 [0.33; 1.02] 100.0%
— [0.25; 1.36]

0.01 0.1 1 10 100

Meta-analysis 2, based on more homogeneous clinical procedures.

1.36], which crossed the line of no difference indicating up to
36% higher odds of failure in the non-perforated sites com-
pared to the perforated sites. Table S2 reports the information
used as background to support the rationale for deciding on the
heterogeneity (more or less homogenous) of the primary stud-
ies included in meta-analysis 4. Meta-analyses 3 (Figure 4)
(OR=0.48,95% CI=1[0.13,1.71], p = 0.16), and 4 (Figure 5)
(OR =0.83, 95% CI = [0.03, 23.61], p = 0.89), which were
based on prospective and retrospective studies (Table S3),
respectively, are not in agreement with meta-analysis 1 in
terms of statistical significance. The corresponding 95% PIs
for the OR are [0.08, 2.67] and [0.000, 7658.54], respectively.
The 95% PI for meta-analysis 3 indicates extreme uncertainty,
whereas the PI for meta-analysis 4 cannot be trusted, a finding
encountered in studies with no or only very few events [42].

85U8017 SUOWWIOD 3AIKERID 3|qedljdde au Aq paupAob a1e 9Pl VO ‘SN J0 S3|NJ 10} Akeiq 1 8UIIUO AB]IM UO (SUORIPUOD-PUe-SWLB) LI A8 |IM"ATe1q 1[BUI|UO//SHRY) SUORIPUOD PUe SWiie | 83 89S *[£202/2T/70] Uo ArlgiTaulluo A8 (1M ‘uieg TeisieAIuN AQ Z962T SO8/TTTT OT/I0p/W00 A8 | M A elq1jeuuoj/Sany wol papeojumod ‘0 ‘Zz20009T



CONFOUNDERS IN IMPLANT DENTISTRY META-ANALYSES

European Journal of

Onal Sciences

Non-perforated Perforated

Study Events Total Events Total

Proussaefs et al. 2004 0 22 5 21

Bae et al. 2010 0o 17 1 15

Karabuda et al. 2006 9 233 2 26

Cha et al. 2014 13 394 3 68

Random effects model 666 130

Prediction interval

Heterogeneity: = 0%, =0, p =0.52

FIGURE 4 Meta-analysis 3, of prospective studies.

Non-perforated Perforated

Study Events Total Events Total

Hernandez-Alfaro et al. 2008
Nolan et al. 2014

0 888 25 272
7 209 17 150

Holtzclaw 2015 3 158 1 23
Ferreira et al. 2017 24 1065 15 523
Froum et al. 2013 2 45 0 35
Shlomi et al. 2004 169 185 7 68
Random effects model 2550 1071

Odds Ratio OR 95%-Cl Weight

- 0.07 [0.00;1.29] 9.4%

0.28 [0.01;7.31] 7.7%
0.48 [0.10;2.36] 32.7%
0.74 [0.21;2.67] 50.2%

0.48 [0.13; 1.71] 100.0%
[0.08; 2.67]

0.01 0.1 1 10 100

Odds Ratio OR 95%-Cl Weight
: 0.01 [0.00; 0.09] 15.1%
B 0.27 [0.11; 0.67] 18.0%
—— 0.43 [0.04; 4.28] 16.0%
= 0.78 [0.41; 150] 18.2%
— 408 [0.19; 87.77] 14.6%
: B2 92.04 [36.13; 234.50] 18.0%

<I> 0.83 [0.03; 23.61] 100.0%

Prediction interval
Heterogeneity: I? = 95%, 12 = 9.1136, p < 0.01

FIGURE 5 Meta-analysis 4, of retrospective studies.

Effect of clustering

There is empirical evidence that clustering effects are often
ignored in oral health and elsewhere [43-45] and this also
seemed to be the case for the included studies in the repro-
duced meta-analyses. On the x-axis in Figure 6 are the ICC
values from 0 to 0.5, and on the y-axis is the standard error
range. The line plots show the changes in the precision as a
function of the ICC and the number of implants (line colour
represents the number of implants). We can see that in the
presence of four and five implants the results of meta-analysis
become more imprecise (increased standard error) for some
ICC values. While the resulting imprecision is not very pre-
dictable as indicated in the plot, it is nevertheless indicative
of the fact that ignoring clustering can result in small p-values
which may not be genuine. In an individual study, the effec-
tive sample size is expected to decrease up to a certain limit as
the number of implants per patient and the ICC increase. The
constraint is that effective sample size cannot be smaller than
the number of patients when the ICC = 1. In meta-analysis,
things are more complicated as shown by the fluctuations of
the standard error across ICC values. In the random effects
meta-analysis, we increase the width of the Cls for the indi-
vidual studies by dividing the individual study sample sizes

! [ 0.00; 7658.84]

0.001 0.1 1 10 1000

and the number of events by the design effect, and in some
cases this resulted in a decrease of the between-study hetero-
geneity, leading to a decreased width of the 95% confidence
interval [46]. This is a possible contributing factor to the
explanation for the imprecision fluctuating instead of showing
a monotonic increase.

Methodological challenges

Our findings emphasize the need for careful analysis of all
biases and meta-analysis parameters that can interfere with
the meta-analytic estimates. The original three meta-analyses
included studies with low methodological quality. Most stud-
ies were retrospective and were designed to answer the study
question without a control, that is, conducting a one-arm
study. In fact, most studies were case series which analysed the
implant survival in perforated and non-perforated membrane
sinuses. We tried to contact authors of the primary studies
included in the original meta-analyses to provide us with
the individual patient data to calculate the clustering effect
of the implants on the meta-analytic estimates. However,
only one author responded, who was not able to provide the
original dataset. Similar to the primary studies, the selected
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FIGURE 6
ICC, intra-cluster correlation coefficient.

systematic reviews were rated as low in methodological qual-
ity based on AMSTAR-2 scores, which further undermines
the conclusions drawn from the meta-analysis.

Interpretation of the findings

The re-analysis of the available systematic reviews after
considering clustering effects, publication bias, and clinical
and methodological heterogeneity, provided variable results.
Meta-analysis 1 included the greatest number of primary
studies and provided the most precise estimate for the average
effect. Meta-analysis 2, which included clinically homoge-
neous trials, showed, on average, higher odds of survival for
non-perforated membrane sinuses; however, the range of the
effects included estimates favouring also the perforated sites.
Both meta-analyses involving prospective and retrospective
studies point to inconclusive results. The results should be
taken with caution due to potential inaccuracy in reporting the
type of study on the part of the primary research authors [47,
48]. It has been established that making a distinction between
retrospective and prospective designs can be challenging [49].

The confidence in the precision of the results can be further
decreased if we analyse the data after considering publication
bias and the potential clustering effects which were ignored,
and by interpreting the PIs which in all cases show incon-
clusiveness. The use of the PI in addition to the CI in the
reporting of meta-analytic findings involving three of more
primary studies has been recommended [23]. Limitations of
the CI for the effect size include the difficulty in retaining

Line plots for the effect of the ICC and the number of implants on the standard error for the pooled estimate from meta-analysis 1.

its coverage probability, the likelihood of underestimating the
statistical error and generating overconfident results, as well
as estimation problems when the number of included studies
is small [50]. The use of the PI builds on the idea of applying
the potential effect of treatment to a specific individual study
setting that reflects reality, going beyond the average effect.
In other words, the PI predicts the range for the true treatment
effect in a future individual study originating in the same pop-
ulation mix of studies included in the meta-analyses at hand,
by taking into account the existing heterogeneity [22].

The simulation study (comprising meta-analyses 2—4)
showed that ignoring clustering effects can potentially change
our conclusions and such practices should be avoided. How-
ever, individual studies should provide information about the
cluster size and the ICC as suggested by the CONSORT exten-
sion for clustered randomized trials in order to accurately
account for these correlations [51]. This information is equally
useful for clustered designs beyond the realm of randomized
controlled trials as those issues are similarly present. In the
simulation study, not knowing the exact number of implants
and ICC per study imposes some limitations and therefore
we considered a large range of values to see the influence of
those parameters on the statistical significance. However, the
ICC and the number of implants do not seem to be the sole
determinants of the expected precision and p-values.

This attempt to reproduce the conduct of a meta-analysis
after considering several influential meta-analytical parame-
ters is important as it increases the awareness of readers of
scientific articles about the complexity of understanding and
interpreting the results of meta-analyses.

85U8017 SUOWWIOD 3AIKERID 3|qedljdde au Aq paupAob a1e 9Pl VO ‘SN J0 S3|NJ 10} Akeiq 1 8UIIUO AB]IM UO (SUORIPUOD-PUe-SWLB) LI A8 |IM"ATe1q 1[BUI|UO//SHRY) SUORIPUOD PUe SWiie | 83 89S *[£202/2T/70] Uo ArlgiTaulluo A8 (1M ‘uieg TeisieAIuN AQ Z962T SO8/TTTT OT/I0p/W00 A8 | M A elq1jeuuoj/Sany wol papeojumod ‘0 ‘Zz20009T



CONFOUNDERS IN IMPLANT DENTISTRY META-ANALYSES

CONCLUSIONS

This case study has highlighted the influence of the various
assumptions adopted in the meta-analysis on the interpreta-
tion of estimates reported in quantitative systematic reviews.
Readers need to carefully consider the impact of meta-analytic
parameters such as heterogeneity of the primary studies, pub-
lication bias, and clustering effects which can affect the size
and direction of the reported estimates. In addition, authors,
reviewers, and editors should collaborate with methodologists
(including biostatisticians) as the issues discussed here are
all well known but do require advanced knowledge, which is
usually beyond the skills of clinicians.
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