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Meta-analyses have been widely used to estimate treatment effects in evidence-based dentistry. Few
conferences, however, have used a systems approach to assure coherent data management and
analysis. The purpose of this section is to describe the data management and statistical analysis for
the State of the Science of Implant Dentistry (SSID) conference. This overview includes (a) a descrip-
tion of widely used clinical trial designs for implant dentistry, (b) a description of data management
procedures specifically designed for the SSID conference, and (c) a description of the data analysis
methodology, including descriptive analyses and meta-analyses. The use of the systems approach
facilitated data abstraction and analysis. INT J ORAL MAXILLOFAC IMPLANTS 2007;22(suppL):11-18

DATA SOURCES AND METHODS

A conference on the State of the Science on Implant
Dentistry (SSID) was undertaken to answer a small
but significant group of questions concerning clini-
cal success of endosseous root-form dental implants.
After more than 3 decades of research and clinical
experience, a substantial literature exists in this gen-
eral subject area. It is sometimes difficult, however, to
draw valid (ie, substantiated) conclusions from a
body of experience with so much variability as to fac-
tors such as materials, methods, and population.

The structure of the 8 SSID questions (Table 1)
deserves brief comment. Each deals with a single
aspect of implant dentistry and can be answered by
means of a single, carefully specified outcome mea-
sure. Each question was formulated with the follow-
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ing structure: “What, if any, effect does some treat-
ment choice x have on outcome S, all other factors
being equal?” By posing the questions in this way,
attention was focused on first-order effects of 8
treatment options on implant success. This is a prac-
tical rather than a fundamental, limitation. The same
methods could be applied directly to answer other
first-order questions and, with only minor adjust-
ments, to address the possibility of higher-order
interactions (eg, “What is the combined effect of x
and y on S?”).

Table 1 The 8 Structured Questions
Addressed by the SSID

1. What is the effect on outcomes of time-to-loading of a fixed or
removable prosthesis placed on implant(s)?

2. Which hard tissue augmentation techniques are the most suc-
cessful in furnishing bony support for implant placement?

3. In patients requiring single-tooth replacement, what are the out-
comes of implant- as compared to tooth-supported restorations?

4. For teeth requiring endodontic treatment, what are the differ-
ences in outcomes of restored endodontically treated teeth
compared to implant-supported restorations?

5. Does the type of implant prosthesis affect outcomes for the
completely edentulous arch?

6. Does the type of implant prosthesis affect outcomes in the par-
tially edentulous arch?

7. How do smoking, diabetes, and periodontal disease affect out-
comes of implant treatment?

8. How does the timing of implant placement after extraction
affect outcomes?
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Table 2 Primary Outcomes and Treatment Factors by Question

Outcomes Treatment factors
Implant/ Implant/ Prosthetic Graft Time to Type of Grafting
tooth tooth loading prosthesis technique

Question survival success
1 - Effect of loading X X X X
2 - Hard tissue augmentation X X X X X X
3 - Implant- vs tooth-supported (single tooth) x X X X
4 - Endodontic treatment vs implant X X X
5 - Implant in completely edentulous arch X X X X
6 - Implant in partially edentulous arch X X X X
7 - Effect of systemic factors X X
8 - Time from extraction to implant

placement X X X X X

Although it would be quite simple to design de
novo a study to answer any of the 8 questions, by
assigning patients to 2 or more treatment groups
(eg, X3, X,), recording the outcome y; for each group,
and using the appropriate statistical technique to
compare the groups, the situation is more compli-
cated when conclusions are to be drawn from past,
published research studies. To cite just a few compli-
cations, investigators have used implants of various
designs, enrolled patients according to varying crite-
ria, made measurements of various kinds, and seen
patients at variable recall intervals. The meta-analysis
techniques employed for the SSID workshop permit
such heterogeneous data sets to be combined in a
meaningful and statistically defensible manner.

Source Review

The SSID meta-analysis was based on more than
1,300 articles” published in peer-reviewed journals.
Responsibility for each of the 8 SSID questions was
assigned to a reviewer and a co-reviewer with exper-
tise in the respective area. The first task of these 2-
person teams was to search the literature for poten-
tially applicable publications. This done, they read
and reviewed the articles for relevance and quality. A
quality score was assigned to each study based on its
design, which could be 1 of the following:

+ Randomized placebo-controlled double-blind
clinical trial (highest): Patients are randomly
assigned to receive test or control therapy. Out-
comes are assessed by clinicians without knowl-
edge of the therapy (blinded). While such studies

*In the present article, these source documents are referred to as
“articles,” and the scientific works on which they report are
referred to as “studies.”
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represent the gold standard, for example, in drug
research, there are no such studies in the implant
literature due to the impossibility of blinding both
the practitioner and the patient.

* Randomized controlled clinical trial: Such trials
are used when it is impossible to blind the patient
to the study treatment.

* Prospective study in sequential cases: In
prospective studies, individual patients are fol-
lowed over time. The best of these studies use
sequentially treated patients and account for sub-
jects lost to follow-up. Prospective studies may
employ no control group (an observational study),
a concurrent control, or historical controls.

* Cohort or retrospective study: Cohort or retro-
spective studies look back in time at the outcome
of patient therapy. The best of these studies use
sequentially treated patients and account for sub-
jects lost to follow-up. Retrospective studies are
like prospective studies in that they may use no
control, a concurrent control, or historical controls.

* Case report (lowest): A case report provides a
narrative description of 1 case or a few cases shar-
ing points of clinical interest. While case reports
are often beneficial to clinicians and sometimes
provide the earliest indication of important phe-
nomena that deserve fuller study, they were not
considered in the SSID analysis due to their lack of
quantitative outcomes.

Outcomes

In order to perform a meta-analysis, the data extracted
must be consistent. Table 2 is a matrix showing, for
each question, the major outcomes assessed and
treatment options considered. Further detail regarding
the individual data sets may be found in each article.
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Implant survival and success were defined
broadly to include as many manuscripts as possible.
The defining characteristics for each category were:

« Implant survival
‘Implant in the mouth and functioning
*No mobility (when measurement of this was
possible)
*No pain
*No infection
« Implant success
«Implant n the mouth and functioning
*Bone loss less than 50%
*No pain
*No infection
*No mobility (when measurement of this was
possible)

Abstraction
For every study that met the quality criteria, the
reviewers were asked to provide

1. Publication data (title, authors, journal, date, vol-
ume, pages)

. Type of study (see “Source Review" section)

. Number of patients

. Definition and size of treatment groups

. Number of implants placed

. Time of each observation (months after
placement)

7. Condition of implants and prostheses at each

observation

O WN

In addition, question-specific data were
requested, such as auxiliary procedures performed
(eg, endodontics, bone grafting) and type of prosthe-
sis (eg, fixed, removable). Reviewers were free to
record other relevant data and/or narrative com-
ments in addition to this basic information.

It was permissible, and not uncommon, for an arti-
cle to be abstracted by 2 or more teams. This hap-
pened, for example, when a study addressed more
than 1 of the SSID questions, or when 1 of its treat-
ment arms could be used as a historical control against
which to compare the results of other studies. Such
duplications were flagged and double-checked for
validity as part of the analysis procedures.

DATA COLLECTION METHODS

Reviewer Data Entry
Each reviewer was asked to record and report find-
ings using a spreadsheet-based data template

designed and provided by the study coordinator.This
approach had several desirable features:

+ Data entered by the reviewer were transmitted
directly and automatically to the analytical data-
base, without the possibility of transcription error.

+ Because data-entry forms were tailored to the
specific requirements of each research question,
the burden of completion was minimized, as was
the possibility of confusion and misinterpretation.

+ A modest degree of self-checking (validation) fur-
ther reduced the likelihood of entry errors.

+ Implementation on a commonly available spread-
sheet platform (Microsoft Excel) allowed reviewers to
accomplish their work using a variety of hardware.

« A stand-alone approach provided far more flexi-
bility to the reviewers as to when, where, and how
they carried out their assignments than an online,
network-based architecture would have.

« Data could be checked, revised, and recast as
often as desired prior to final submission.

+ Forms were designed to permit free-form entry of
any comments or qualifications that the reviewers felt
necessary to supplement the basic quantitative data.

Figure 1 is a representative data entry screen for
Question 1. The user could only type in cells with
white backgrounds; the rest of the form (eg, titles,
labels) was protected to prevent accidental entries
that might corrupt the data. The workbook® was
organized into multiple identical worksheets or
“tabs,” one per manuscript reviewed. Notice that sev-
eral of the column heads in Fig 1 are specific to Ques-
tion 1; the workbooks provided to reviewers for
other questions were similar in appearance, but
slight variations were made to accommodate the
peculiarities of each research question.

A number of built-in Excel features (eg, cell protec-
tion, data validation) were utilized to make the work-
sheets easy and reliable to use. In addition, custom-
embedded software, invisible to the user, automated
such higher-level tasks as generating additional fresh
worksheets and pre-entering group and time-period
data based on the study being reviewed. Although
the worksheets could have been even more strongly
protected against modification, reviewers were given
the option of expanding the prescribed structure if
they thought it appropriate or necessary to capture

TAn MS Excel workbook includes 1 or more worksheets and charts
plus any shared programs, forms, images, and menus that accom-
pany them. Individual sheets are accessible in most versions by
selecting a labeled “tab.” For this project, all the articles cited in
response to 1 question were collected in a single workbook, 1 arti-
cle per worksheet.
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Fig1l Sample data abstraction screen.

subtleties of particular articles. Some made extensive
use of this flexibility,and as long as they did not omit
or relocate the required fields, the downstream data
extraction steps were not affected.

Data Validity Review

When a workbook was returned by a reviewer, it was
scrutinized by an analyst to verify its formal (as dis-
tinct from scientific) validity. Checks included:

+  Was the critical data structure intact? Were all key
data elements in the proper location within the
worksheets?

+ Were data entries of the correct type? Were they
consistent both with study standards (eg, time
reported in months) and with other available infor-
mation on the manuscript (eg, summary statistics)?

+ Was there embedded evidence of errors in inter-
pretation or transcription (eg, increasing survival
over time, abnormally high or low success rates)?

Questions were referred to the reviewer for reso-
lution. Following corrections, the data for each ques-
tion were reformatted, reprinted, and sent out for
final checks by the respective reviewer.
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Data Extraction

The data were extracted from the Excel workbooks
using SAS Release 9.1 (SAS Institute, Cary, NC). The
SAS dynamic data exchange (DDE) feature was used
to acquire data directly from the Excel workbooks.
For each workbook (which generally contained infor-
mation on many studies), 4 SAS data sets were
created:

* Article descriptions: This data set included
author, publication year, manuscript title, journal,
total number of implants in the study, and other
study descriptor variables.

+ Examination timepoints: This data set included
the number of examinations and the timepoints
in the study (expressed in months) at which those
examinations took place.

+ Treatment descriptions: This data set included a
list of conditions (termed “treatments”) that were
evaluated and compared in each study.

» Extraction: This data set included the outcome
data for each treatment for each timepoint, includ-
ing information such as the implant survival rate,
the implant success rate, and the prosthetic suc-
cess rate (as relevant for each research question).
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Data Management

The examination timepoint and extraction data sets
were merged to ensure that all examination months
mentioned in the study description were represented in
the extraction data set. The treatment description data
set was similarly used to ensure that all treatments in
the study were represented in the extraction data. Any
discrepancies were sent to the reviewer for resolution.

For each study treatment, it was assumed that the
cumulative implant survival rates, implant success
rates, and prosthetic success rates recorded in the
extraction data set represented the actual respective
rates among all implants (or prostheses) for that
treatment in the study.

In many of the Excel sheets the number of
implants (or prostheses) for each study treatment
was not explicitly given. When this occurred, the esti-
mates of those numbers were obtained using the fol-
lowing imputation process:

+ If there was only 1 treatment in a study, the total
number of implants (or prostheses) for that treat-
ment was imputed as the number presented in
the study description. If the study description did
not provide this information, the total number of
implants (or prostheses) for that treatment was
imputed as the number recorded at the earliest
examination.

+ If there were 2 or more treatments in a study, the
total number of implants (or prostheses) for each
treatment was imputed as the number recorded
for each treatment at the earliest examination. If
this information was not recorded, the total num-
ber of implants (or prostheses) for each treatment
was imputed as the total number of implants (or
prostheses) presented in the study description
divided by the number of treatments, rounded
down to the nearest whole number.

+ If a study related to endodontics and the number
of prostheses was not recorded anywhere in the
Excel file used for data extraction, then the num-
ber of prostheses was assumed to be equal to the
number of patients in the relevant treatment

group.

All imputed data were entered into an Excel file
and, after verification, were converted into an SAS
data set using DBMS/Copy version 8.0.

Data Preparation

All questions that arose based on the SAS data sets
described were resolved through collaboration with
the data quality analyst. They were then merged into
a master SAS data set for summarization and analysis.

Table 3 Definitions of Examination Timepoints
Value Range included
Month 6 4 - 8 months
Month 12 12 - 18 months
Month 24 24 - 30 months
Month 36 36 — 42 months
Month 48 48 - 54 months
Month 60 60 — 66 months
Month 72 72 - 78 months
Month 120 120 - 126 months
Month 180 180 - 186 months

Table 4 Quality Categories

Category Defining property

Fair Retrospective study

Average Prospective case study

Good Prospective with historical controls
Better Prospective with concurrent controls
Best Double-blind randomized controlled trial
Unknown None of the above

Table 5 Study Size Categories

Category Defining property

Small 30 or fewer implants (or prostheses)
Medium 31 to 100 implants (or prostheses)

Large 101 to 1,000 implants (or prostheses)
Very large More than 1,000 implants (or prostheses)

In the master data set, a variable was created that
assigned an examination timepoint category to each
examination in each study. Assignment was based on
the month recorded for each examination, rounded
to the nearest integer. In those instances where the
examination had been reported in terms of a time
range, the midpoint of that range was used. The pos-
sible values for this variable, and the defining range
for each value, are shown in Table 3.

In addition to the timepoint category, the master
data set recorded which examination was the last
examination reported for each study. The SSID
reviewer for each research question had the option
of imposing an earlier boundary on these Last Exam-
ination designations. The Last Examination variable
was left blank if it fell outside of the boundary.

The master data set also included variables cate-
gorizing the quality and size of each study. Quality
categories were assigned as shown in Table 4, and
study size was categorized as shown in Table 5.
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Fig 2 Graph showing the quantity and quality of the studies used in the analyses.

Once constructed, the master data set was
audited to ensure that the information it contained
was complete and accurate. This auditing process
involved both hand-checking and the use of pro-
grammed edit checks using SAS. Upon successful
completion of this audit, the master data set was
saved both as an SAS data set and as a tab-delimited
ASCII file. The latter was created using the export
procedure in SAS.

DATA ANALYSIS

All analyses were performed using the master data
sets described. Separate analyses were performed for
each research question.

SAS was employed to produce bar charts showing
the distribution of the size and quality of the studies
included in the review and a distribution of the pub-
lication dates of the included articles.

The ASCII version of the master data set was read
into R (version 2.2.1, R Foundation for Statistical Com-
puting, Vienna, Austria) and was analyzed using a

fThe methods employed in the meta-analyses performed for the
SSID workshop were similar to those reported in previous publi-
cations.t2
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meta-analysis function library created by Howard M.
Proskin and Associates for this purpose.*

The SSID reviewer for each research question was
responsible for deciding which examination time-
point categories were relevant to that particular
question. Given this information, a separate meta-
analysis was performed for the studies in each of
those categories. In addition, a meta-analysis was
also performed on the designated last examination
data for all studies included in the review.

Statistical Methods

For each meta-analysis performed, point estimates of
implant survival, implant success, and/or prosthetic
success from each study were used to construct a
95% confidence interval for each proportion.The Wil-
son score method was used for this purpose.3*

For each meta-analysis, it was necessary to decide
whether to employ a fixed-effect or a random-effects
meta-analytic model. A random-effects model is
appropriate when a pooled estimate of effect is to be
derived from a collection of studies for which hetero-
geneity of effects is indicated. In the absence of
apparent heterogeneity, a fixed-effect model is con-
sidered appropriate. For each analysis, preliminary
chi-square tests were performed in order to investi-
gate the homogeneity of reported success rates
across the studies reported.
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Fig 3 Forest plot showing the
detailed question-specific
results for each of the studies
used in the meta-analysis,
together with pooled estimates
derived from that analysis.
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In the SSID review, significant heterogeneity was
frequently indicated among studies for every review
question, so it was decided to employ a random-
effects meta-analytic model throughout. The excep-
tions to this were cases where either (a) only a single
study was to be employed in a particular overview or
(b) all of the success rates for studies in the particular
overview were exactly the same.

Generalized estimating equations were employed
to obtain pooled success rates in those meta-analy-
ses performed based on the random-effects model.
This method accounts for between-study variability
and was shown in a simulation study to perform bet-
ter than other approaches used for pooling propor-
tions in this setting."? For those instances where a
fixed-effect meta-analytic model was employed,
pooled Wilson score confidence intervals were
employed to estimate the overall success rates.

Although comparisons between study treatments
are suggested by the meta-analytic overviews obtained
for each of those treatments, this issue is ideally
addressed by obtaining an overview from only those
studies in which both of the treatments were reported.
Unfortunately, such data were not available in most of
the articles employed in the overview, since the com-
parisons relevant to the SSID research questions were
rarely the original focus of those publications. However,
in some instances, a direct comparison of treatments
based on data within individual articles was possible,
and where this occurred, additional meta-analytic
overviews were performed pooling these comparisons
across studies. Such analyses investigated the risk differ-
ence between the treatments, obtained by subtracting
the reported survival (or success) rate for 1 treatment
from that for the other. The pooled estimate and
variance for the risk difference were based on the
DerSimonian-Laird random effects model,>® which
yielded P values and confidence intervals for the pooled
risk difference based on a normal approximation.*

Graphic and Tabular Display

To the extent possible,a common format was used to
display the results of the analyses performed for
each of the 8 SSID research questions. The materials
included:

+ A graph demonstrating the quantity and quality
of the studies employed in the analyses. Figure 2 is
an example of such a display. The x axis represents
the quality of a study according to the categories
described previously, and the y axis represents the
number of implants reported for each study. The
height of each vertical column represents the
number of studies for each combination of quality
and size.
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+ A forest plot showing the detailed, question-spe-
cific results for each of the studies employed in
the meta-analysis as well as the pooled estimates
derived from that analysis. Figure 3 is an illustra-
tion of such a display. For each individual study,
this plot presents the observed success rate (the
horizontal position of the center of the square)
and the 95% confidence interval constructed for
that success rate (the endpoints of the horizontal
line drawn through the square). Both reference
the scale at the bottom of the plot. The size of the
square is proportional to the number of units (eg,
implants, prostheses) included in the analysis.

The pooled estimates derived from the meta-
analysis are shown at the bottom of each plot by dia-
mond-shaped symbols, where the pooled estimate
of the success rate is indicated by the horizontal
position of the diamond and the vertical gray line.
The 95% confidence interval for the pooled success
rate is indicated by the width of the diamond. Confi-
dence intervals are truncated at 100%.

In each forest plot the studies are grouped in
ascending order by quality category. Apart from this
use in the display, quality scores were not used in the
statistical procedures reported here.

CONCLUSION

The SSID meta-analysis was facilitated by clearly
posed research questions, a strongly structured data-
reporting mechanism, ongoing involvement of
domain experts, and rigorous statistical methods tai-
lored to the specific nature of the questions. Despite
a paucity of controlled trials, and substantial hetero-
geneity among the published studies, the procedure
resulted in valid and potentially useful answers to
questions of importance to implant dentistry.
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