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Quality Assessment of Randomized 
Controlled Trials of Oral Implants

Marco Esposito, DDS, PhD1/Paul Coulthard, BDS, MFGDP, MDS, FDSRCS, PhD2/
Helen V. Worthington, BSc, MSc, PhD, FIS3/Asbjørn Jokstad, DDS, PhD4

The aim of this study was to assess the quality of randomized controlled trials (RCTs) concerned with
the effectiveness of oral implants and to create a trial register. A multilayered search strategy was
used to identify all RCTs published by the end of 1999 in any language. The Cochrane Oral Health
Group specialist register, PubMed, and personal libraries were searched. Seventy-four RCTs were iden-
tified. Forty-three articles, not presenting the same patient material, were independently assessed by
3 researchers using a specially designed form. A statistician assessed all trials for the appropriateness
of statistics. The quality of each study was assessed on 7 items, including 3 key domains. Randomiza-
tion and concealment allocation procedures were not described in 30 articles (70%). Reasons for with-
drawals were not given in 10 reports (23%). No attempt at blinding was reported in 31 studies (72%).
The quality of RCTs of oral implants is generally poor and needs to be improved. (INT J ORAL MAXILLO-
FAC IMPLANTS 2001;16:783–792)

Key words: dental implants, randomized controlled trial, registries, research design, review literature

The rehabilitation of patients with missing teeth
is one of the most important tasks in dentistry.

It would be of great benefit to know whether cur-
rent therapeutic interventions are effective and,
among alternative treatments, which is the best
option. Such knowledge should be derived from
clinical research of the highest quality. Clinical tri-
als are designed to assess the effectiveness of an
intervention in comparison with alternative inter-
ventions or no treatments. Different study designs
are used to evaluate the magnitude of gains attrib-

uted to therapeutic interventions. However, well-
designed, large, randomized clinical trials (RCTs)
are considered the most scientifically sound method
to minimize bias (systematic error).1 Proper ran-
domization and allocation concealment minimize
bias in treatment allocation, and a large sample size
ensures improved precision of estimated treatment
effects.2 Other important factors that should be
taken into consideration to limit bias are well-
defined inclusion and exclusion criteria and proper
recording of the reason(s) for withdrawals of study
subjects (attrition bias); also, whenever possible, all
measures should be taken to blind the study subjects
and the researchers to the treatment allocation (per-
formance bias).

Identification of published RCTs is difficult and
time-consuming,3,4 and their methodologic quality
shows considerable variation.5,6 Thus, it is impor-
tant to assess their quality before basing any changes
in clinical practice on their findings. Therefore, the
creation of a register of RCTs on oral rehabilitation
procedures that also includes an objective quality
assessment would be of value for improving patient
care and for planning relevant research. There are
already several RCT registers, among which the
most complete is the Oral Health controlled clinical
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trials register of the Cochrane Collaboration
(http://www.cochrane-oral.man.ac.uk/). A register
of RCTs published in United States prosthodontic
journals was recently initiated.7 However, the qual-
ity of RCTs included in such registers has not yet
been evaluated.

The general aim of the authors was to create and
maintain a register of published and unpublished
RCTs involving rehabilitation of edentulism, to
assess the methodologic quality of the studies, and
to conduct a Cochrane systematic review of oral
implants. The aim of the present investigation was
to assess the methodologic quality of published
RCTs of oral implants in an objective and repro-
ducible way.

MATERIALS AND METHODS

Literature Search
A literature search strategy appropriate for a
Cochrane systematic review was undertaken.8 The
Cochrane Oral Health Group (OHG) specialist reg-
ister was searched using the key word (“implant”).
In September 2000, this database contained more
than 8,900 RCTs, controlled clinical trials, and
related material published on oral health. Trials
included in this register are identified either by
hand-searching or from various databases, including
MEDLINE and EMBASE. Thirty-five journals
were and are being hand-searched by the OHG.
PubMed was independently searched for RCTs
using the “related articles” feature. Two personal
indexed databases containing over 3,000 (ME) and
1,500 (AJ) references on topics related to oral
implants and prosthetics were also searched. Bibli-
ographies of RCTs and relevant review articles were
checked for studies outside the hand-searched jour-
nals. Randomized controlled trials were also identi-
fied through correspondence and personal contacts
with experts in the field. The present search was
limited to RCTs published through the end of 1999
and was not restricted to the English language.

Quality Assessment
An evaluation form was designed to assess the qual-
ity of the study design and statistical analysis using 7
items (A to G in Fig 1). Also recorded were the
country of origin, the funding source, the setting of
the study, and the study design. This form was
adapted from a validated source.9 Methodologic
issues such as the relevance of the hypothesis tested,
the choice of outcome measures, and the interpreta-
tion of results were not evaluated, since these are
difficult to quantify objectively.

Articles were evaluated only for the information
that they included, and no additional reference or
information was sought. Since there were several
follow-up RCTs presenting the same patient mater-
ial, the last published of the series was analyzed
under the rationale that it would contain the most
complete information. Trials were not appraised for
quality if they included fewer than 10 patients for a
parallel study design or fewer than 5 for split-mouth
or crossover designs.

Four nonblinded assessors (3 clinical researchers
and 1 statistician) independently evaluated the qual-
ity of selected RCTs. Each article was assessed by 2
clinical researchers. The statistician evaluated all
articles for the quality of statistical analysis (ques-
tion G in Fig 1 and Table 1) and recorded any rea-
son that statistical analyses were performed incor-
rectly. The final quality score of each article was
determined in a consensus meeting by the 3 clinical
researchers. In cases of inability to reach consensus,
the dental statistician was consulted to make the
final judgment.

RESULTS

Literature Search
Seventy-four RCTs investigating oral implant treat-
ment were identified.10–83 All identified RCTs were
published in English. After RCTs presenting the
same patient population were excluded, 43 articles
remained and were assessed in the present investi-
gation (Table 1).

Interrater Agreement
For funding, setting, design, and items A to F in
Fig 1, the percentage agreement was generally
high, ranging from 87% to 100% between raters 1
and 2, from 69% to 100% between raters 1 and 3,
and from 53% to 100% for raters 2 and 3 (Table 2).
Kappa values were also generally high, with the
comparison between raters 1 and 2 ranging from
0.72 to 1.00, with a median value of 1.00 and per-
fect agreement on 6 of the 9 criteria (Table 2). The
kappa values between raters 1 and 3 ranged from
0.28 to 1.00, with a median value of 0.83 and per-
fect agreement on 3 criteria. The kappa values
between raters 2 and 3 were low (≈ 0) for 2 criteria;
however, there was perfect agreement for 2 other
criteria, and the median kappa value was 0.68.
Nearly all disagreement could be attributed to
reading errors or to differences in interpretation of
the published material. All but 1 disagreement
among clinicians were solved during a consensus
meeting.
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Completion date: Reviewer:

Author Year of publication

Journal Country

Funding source Commercial Independent Unclear

Setting University Non-university Unclear

Study design Parallel Split-mouth Crossover

Is the sample size ≥ 10 (≥ 5 for split-mouth and crossover studies)?
No   STOP HERE Yes   Continue to complete form

A.   Was a sample size calculation undertaken?
        0     No/not mentioned
        1     Yes, but not confirmed by calculation
        2     Yes, confirmed

B.   Randomization and allocation concealment method
        0     Not described
        1     Clearly inadequate:  Transparent before assignment (tossing coin, quasi-randomization

                  such as sequential randomization)
        2     Possibly adequate:  Sealed envelopes
        3     Clearly adequate:    Centralized randomization and third party contact for group code 

C.   Were inclusion/exclusion criteria clearly defined?
        0     No
        1     Yes

D.   Was reason for withdrawal specified by study group?
        0     No/not mentioned
        1     Yes, or not applicable as no withdrawals

E.   Were the control and treatment groups comparable at entry for important prognostic factors?
        0     No
        1     Unclear
        2     Yes

F.    Was there any attempt at blinding (for example, independent assessor)?
        0     No
        1  Yes
       
G.   Was the statistical analysis appropriate?
        0     No
        1     Unclear
        2     Yes

Fig 1 Data collection form.
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Table 1 Methodologic Scoring of RCTs

A B C D E F G
Study Country Funding Setting Design (0–2) (0–3) (0–1) (0–1) (0–2) (0–1) (0–2)

El Charkawi10 Egypt Independent University Parallel 0 0 1 0 1 0 0
Dahlin et al12 Sweden Independent University Split-mouth 0 0 1 1 1 0 2
Friberg et al13 Sweden Commercial University Split-mouth 0 0 0 1 0 0 2
Lundqvist et al15 Sweden Independent Non-university Parallel 0 0 0 0 1 1 2
Feine et al19 Canada Commercial University Crossover 0 0 1 1 2 1 2
Gher et al21 USA Commercial University Parallel 0 0 1 1 1 0 2
Lavigne et al22 USA Independent University Split-mouth 0 0 1 1 1 0 2
Palmer et al24 UK Commercial University Split-mouth 0 0 1 1 2 0 1
Boerrigter et al26 The Netherlands Independent University Parallel 0 2 1 1 2 0 2
Burns et al28 USA Commercial University Crossover 0 0 1 0 2 0 2
Ciancio et al29 USA Commercial University Parallel 0 3 1 1 2 1 2
Jeffcoat et al30 USA Commercial University Parallel 0 0 1 1 2 1 2
Barber et al32 USA Commercial University Split-mouth 0 0 1 1 2 0 1
Bollen et al33 Belgium Commercial University Split-mouth 0 0 1 1 2 0 2
Hämmerle et al38 Switzerland Independent University Split-mouth 0 0 1 1 1 0 1
Hunt et al39 USA Independent Non-university Split-mouth 0 1 0 0 2 0 0
Quirynen et al41 Belgium Commercial University Split-mouth 0 0 1 1 2 0 N/A
Simion et al42 Italy Independent University Split-mouth 0 0 0 1 1 0 N/A
Bouma et al44 The Netherlands Independent University Parallel 0 2 1 1 2 1 2
Felo et al46 USA Commercial University Parallel 0 2 1 1 2 1 2
Kemppainen et al49 Finland Independent University Parallel 0 0 1 1 0 0 0
Truhlar et al54 USA Independent University Parallel 0 0 0 0 0 0 1
Zitzmann et al57 Switzerland Independent University Split-mouth 0 2 0 1 1 0 0
Batenburg et al59 The Netherlands Commercial University Parallel 0 1 1 1 1 1 2
Batenburg et al60 The Netherlands Commercial University Parallel 0 1 1 1 1 0 2
Bergendal and Sweden Independent Non-university Parallel 0 0 1 0 0 0 0
Engquist61

Jemt et al64 Sweden Unclear Non-university Parallel 0 0 1 1 1 1 0
Khamis et al66 USA Commercial University Crossover 0 0 1 0 2 0 2
Kwakman et al67 The Netherlands Independent University Parallel 0 1 1 1 2 0 2
Strooker et al69 The Netherlands Commercial University Split-mouth 0 0 1 1 2 0 2
Wolff et al71 USA Commercial University Parallel 0 0 1 1 2 1 2
Andersson et al72 Sweden Unclear University Parallel 0 1 1 1 1 0 2
Åstrand et al73 Sweden Independent University Parallel 1 0 1 1 2 1 2
Davis and Packer74 UK Commercial University Parallel 0 0 1 1 1 0 2
Geertman et al75 The Netherlands Independent University Parallel 0 1 0 1 1 0 2
Gunne et al76 Sweden Independent University Split-mouth 0 0 1 1 1 0 0
Jones et al77 USA Commercial University Parallel 0 0 1 0 0 0 2
Kapur et al78 USA Independent Non-university Parallel 0 0 0 0 0 0 2
Majzoub et al79 Italy Commercial University Split-mouth 0 0 1 0 2 0 0
Meijer et al80 The Netherlands Independent University Parallel 0 2 1 1 2 0 2
Naert et al81 Belgium Independent University Parallel 0 0 1 1 1 0 2
Tang et al82 Canada Commercial University Crossover 0 0 1 1 2 1 2
Wisemeijer et al83 The Netherlands Independent University Parallel 0 2 0 1 2 1 0
No. of studies with maximum score 0 1 34 33 21 12 28
(of 43 reports assessed) (0%) (2%) (79%) (77%) (49%)(28%)(65%)

A = sample size calculation; B = method of randomization and allocation concealment; C = inclusion/exclusion criteria; D = reason for withdrawals; 
E = comparability of control and treatment groups; F = attempt at blinding; G = appropriateness of statistical analysis.



C
O

P
Y

R
IG

H
T

 ©
 2001 B

Y
 Q

U
IN

T
E

S
S

E
N

C
E

 P
U

B
LIS

H
IN

G
 C

O
, IN

C
.P

R
IN

T
IN

G
 O

F
 T

H
IS

 D
O

C
U

M
E

N
T

 IS
 R

E
S

T
R

IC
T

E
D

 TO
 P

E
R

S
O

N
A

L U
S

E
 O

N
LY.N

O
 PA

R
T

 O
F

 T
H

IS
 A

R
T

IC
LE

 M
AY

 B
E

R
E

P
R

O
D

U
C

E
D

 O
R

 T
R

A
N

S
M

IT
T

E
D

 IN
 A

N
Y

 F
O

R
M

 W
IT

H
O

U
T

 W
R

IT
T

E
N

 P
E

R
M

IS
S

IO
N

 F
R

O
M

 T
H

E
 P

U
B

LIS
H

E
R

.

The International Journal of Oral & Maxillofacial Implants 787

ESPOSITO ET AL

Setting, Funding, and Study Design
Twenty-seven RCTs (63%) were conducted in
Europe, 15 (35%) were conducted in North Amer-
ica, and 1 (2%) took place in Egypt. Most of the
European studies were set in The Netherlands (9)
and Sweden (8). Twenty RCTs (44%) were deter-
mined to have been commercially supported
according to the information presented in the arti-
cle. Twenty-one (49%) were determined to be inde-
pendently funded, and for 2 studies (5%), the
source of support was unclear. Thirty-eight studies
(88%) were undertaken in universities or shared
between university departments and other publicly
funded institutions (eg, government health ser-
vices). Twenty-five trials (58%) were designed as
parallel, 14 (33%) as split-mouth, and 4 (9%) as
crossover.

Quality Assessment
There were no RCTs with a sample size of fewer
than 5 patients for split-mouth and crossover
designs and 10 for parallel design. Results of the
methodologic assessment of RCTs are summarized
in Table 1. Only 1 study (2%) indicated that a sam-
ple size calculation (question A) was undertaken,
although no figures were given. A clearly adequate
randomization and allocation concealment (ques-
tion B) was described in only 1 paper (2%). Seven
articles (16%) scored 2 on question B, indicating a
possibly adequate randomization. Six papers (14%)
scored 1, indicating a clearly inadequate procedure,
and in 30 investigations (70%), no information was
provided. Inclusion/exclusion criteria (question C)
were clearly defined in 34 studies (79%). The rea-
son for withdrawals was specified by study group
(question D) in 33 reports (77%). Control and

treatment groups were comparable at entry for
important prognostic factors (question E) in 20 arti-
cles (46%). Seventeen papers (40%) were unclear,
and 6 studies (14%) were judged to have baseline
groups that were not comparable. No attempts at
blinding (question F) were described in 31 papers
(72%). Twelve investigations (28%) described some
sort of blinding procedure.

The appropriateness of the statistical analysis
(question G) was assessed by a single rater. Of 43
reports, 2 (5%) included no statistical analysis,41,42 9
(21%) were considered to have an inappropriate sta-
tistical analysis applied,10,39,49,57,61,64,76,79,83 in 4 (9%)
articles24,32,38,54 it was unclear whether the analysis
was appropriate, and for the 28 remaining reports
(65%) the statistical methods were considered to be
adequate. The statistical analysis was considered
inappropriate in 1 paper, as the calculations were
incorrect and it was stated that “there was no signif-
icant difference between groups with P < .01.”10 In
5 papers, the clustering of implants within patients
was ignored in the analysis.49,61,64,79,83 In an addi-
tional 3 papers the split-mouth design was ignored
in the analysis.39,57,76 In several studies in which the
statistical methods were considered appropriate, the
actual P values were not given15,59,80; only indica-
tions of ranges were provided, including P values,
eg, “.01 < P < .05.” Currently, with the use of com-
puters it is advisable to quote actual P values. Thir-
teen of the 28 reports (46%) in which the statistical
analysis was considered to be appropriate included a
statistician as an author or acknowledged the help
of a statistician, compared with only 2 (15%) of the
reports considered inappropriate or unclear.
Although not significant, this trend suggests that it
is helpful to involve a statistician in the design and

Table 2 Assessment of Interexaminer Agreement

Rater 1 versus rater 2 Rater 1 versus rater 3 Rater 2 versus rater 3

(n = 15) (n = 13) (n = 15)

Factor % Kappa SE 95% CI % Kappa SE 95% CI % Kappa SE 95% CI

Funding 87 0.72 0.14 0.49 to 1.00 92 0.85 0.13 0.59 to 1.00 80 0.66 0.16 0.36 to 0.96
Setting 93 0.85 0.14 0.58 to 1.00 92 0.76 0.23 0.31 to 1.00 87 N/A* N/A N/A
Design 100 1.00 N/A N/A 92 0.83 0.16 0.52 to 1.00 100 1.00 N/A N/A
A 100 1.00 N/A N/A 100 1.00 N/A N/A 100 1.00 N/A N/A
B 100 1.00 N/A N/A 69 0.55 0.17 0.22 to 0.87 87 0.71 0.17 0.38 to 1.00
C 100 1.00 N/A N/A 69 0.28 0.28 –0.28 to 0.83 60 –0.25 0.10 –0.41 to –0.06
D 93 0.87 0.13 0.61 to 1.00 100 1.00 N/A N/A 86 –0.07 0.05 –0.17 to 0.03
E 100 1.00 N/A N/A 69 0.55 0.17 0.21 to 0.88 53 0.14 0.20 –0.25 to 0.53
F 100 1.00 N/A N/A 100 1.00 N/A N/A 87 0.71 0.19 0.34 to 1.00

*Cannot calculate, as one rater gave same category for all papers.
% = percent agreement; SE = standard error; CI = confidence interval; A–F = questions A through F on data collection form (Fig 1).



analysis of RCTs in this area (chi-square = 3.7, 1
degree of freedom, P = .055).

DISCUSSION

As in other kinds of empirical research, searching
and assessment of the literature is susceptible to
bias. The major limitation of a register of published
RCTs is that it could be biased toward positive and
“encouraging” results (publication bias). This is
because of the fact that “uninteresting” information
is less likely to reach the publication stage, which
may lead to erroneous conclusions of therapeutic
effectiveness.84 Therefore, it would be of great ben-
efit if unpublished trials could also be identified.85

The fact that no RCTs in languages other than
English have been identified may reflect either an
inability to access such publications or the prefer-
ence of researchers in this discipline to use the
English language to disseminate their “best” clinical
research. It is recommended that systematic litera-
ture searches also include articles written in lan-
guages other than English.86,87

The aim of the present paper was to attempt an
objective and reproducible quality assessment of
RCTs published in implant dentistry. To undertake
this, a specifically designed checklist was developed
from one previously published.9 While there are
some differences in the items included, all check-
lists basically focus on the same sources of potential
bias. A summary score was not calculated, as these
have been shown to be problematic in identifying
trials of high quality.88

The quality of the study design was assessed indi-
rectly by evaluating the quality of reporting. It is
important to note that there is a difference between
the quality of the presentation and the manner 
in which the study was actually conducted. How-
ever, it has been suggested that failure to report
important items is usually the result of these proce-
dures not having been carried out, rather than
underreporting.89 Additional information may have
been presented in previously published reports 
that were not assessed in the present article. How-
ever, it has been recommended that all information
should be presented clearly, allowing the reader to
make an informed judgment regarding internal and
external validity of the trials.90 In many instances,
important information had not been provided by 
the authors of the papers. The best solution to 
this problem is to write to the authors asking for 
the missing information. This task is currently
being undertaken for a Cochrane systematic review
(http://www.cochrane-oral.man.ac.uk/).

Randomized controlled trials were assessed in a
nonblinded fashion, and this may lead to potential
bias.91 However, the findings are presented in a
reproducible way (Table 1). Thus the critical reader
is able to check the scores. In addition, it is very
time-consuming and difficult to blind experienced
literature assessors.

Independent scoring by 3 reviewers resulted in a
relatively high agreement and a subsequent consen-
sus meeting solved all but one of the disagreements
in individual interpretation. Two of the reviewers
had previously undertaken a similar evaluation
together, which may explain the closer agreement of
these 2 raters.

The authors were aware from personal contacts
that several RTCs were conducted with manufac-
turers’ financial support, but this was not always
disclosed in the published articles. Therefore, the
number of RCTs recorded as sponsored by industry
in the present article is likely to be underestimated.
Only a few dental journals require that authors dis-
close any conflict of interest; it would be preferable
if such a policy were adopted universally.

The majority of trials (58%) were of parallel
design; however, a significant number of investiga-
tions used the split-mouth (33%) or crossover (9%)
design. In many medical disciplines, it is not possi-
ble to undertake RCTs using a split-mouth or
crossover design. Such designs offer the advantages
of limiting the number of variables, thus reducing
the number of needed study subjects.92

For evaluation of the methodologic quality, the
authors focused on those items that have been
shown to be particularly relevant for decreasing
bias.8,9 An attempt was made to formulate questions
in a way to minimize subjective interpretation.
However, questions C, E, and G (Fig 1) were still
prone to subjective preferences. 

An arbitrary cutoff value of 10 study participants
for parallel studies and 5 subjects for split-mouth and
crossover design was chosen for inclusion in the pres-
ent assessment, in accordance with published litera-
ture.1,7 Despite no RCT being excluded on this basis,
a sample size calculation was mentioned, though not
confirmed by calculation, in only 1 trial.73 Sample
size calculation estimates the minimal number of
patients needed to detect a significant difference
among groups to be compared. If the number of sub-
jects included in a study is too small, clinically impor-
tant effects related to different interventions may not
be detected.5,93,94 It should be recognized that such
studies may be scientifically useless and thus unethi-
cal in their use of patients and other resources.

An RCT is a study in which participants are allo-
cated at random to receive different interventions.
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Random allocation means that all participants have
the same likelihood to be assigned to each of the
study groups.9,95 If properly accomplished, random-
ization minimizes bias in allocating participants to the
study groups. To be effective, the randomly generated
sequence should be strictly implemented, and maxi-
mal attention should be given to avoid any possible
source of subversion.96 This process is called allocation
concealment and is meant to prevent foreknowledge of
the treatment assignment. The use of central tele-
phone randomization or sequentially numbered
sealed opaque envelopes has been recommended as
the minimum measure for allocation concealment.2,96

Studies that present inadequate or unclear random-
ization and allocation concealment have been shown
to yield larger estimates of treatment effects.2 With-
out proper allocation concealment, randomization is
lost and bias is likely to distort results. The majority
of RCTs published in implant dentistry (70%) did not
describe how randomization and allocation conceal-
ment were performed. Only 1 paper29 reported a
clearly adequate method of randomization and alloca-
tion concealment.

External validity or generalizability denotes the
precision and extent to which it is possible to gener-
alize the results of a study to other settings. External
validity is relevant to making treatment decisions.
Clearly defined inclusion and exclusion criteria will
help the reader to decide whether the results of a
trial are applicable to his or her own population of
patients. The majority of papers (79%) clearly
defined the inclusion and exclusion criteria.

It is important to know whether withdrawals or
exclusions of study participants occurred and from
which group (attrition bias), since this may result in a
systematic error that would lead to an incorrect esti-
mate of the treatment effectiveness. For instance,
patients may drop out because of intervention side
effects or may be deliberately excluded by an investi-
gator because of alleged protocol deviation. The
majority of trials (77%) either described the reason
for withdrawals or experienced no withdrawals.

If an RCT is truly randomized, systematic bias is
(in theory) avoided by selecting participants from a
particular population and by allocating them ran-
domly to different groups. The groups should be
identical apart from the treatment so that any dif-
ference in outcome is attributable to the interven-
tion. Therefore, it was interesting to find that 6
studies (14%) were judged to have baseline groups
that were not comparable and that for 40% of the
studies, comparability was judged to be unclear.

When clinical judgment is needed, personal pref-
erences of the investigators may intrude. This prob-
lem can be prevented if those assessing treatment
outcomes are unaware of the treatment that each
patient received. Blinding is not always possible for
surgical interventions such as oral implant treatment.
However, some precautions should be taken to mini-
mize bias, such as the use of independent assessors
for measuring outcomes. Only 28% of the assessed
RCTs described some sort of blinding procedure.

The statistical methods were considered to be
inappropriate or unclear in a third of the RCTs. The
2 main reasons that they were considered inappro-
priate were: (1) implants within the same patient
were assumed to be independent in the analysis; and
(2) in split-mouth studies, the analysis ignored the
“pairing” because of the study design. Implants are
sometimes clustered within patients, and this must
be taken into account in the analysis. For RCTs in
implant dentistry, this is frequently achieved by using
average patient scores, with the patient being the
unit of analysis. Other methods, such as generalized
estimating equations or multilevel modeling, may be
appropriate but were not used in any of these studies.
Ignoring the split-mouth design by analyzing the
data as though they were from different patients in a
parallel group study leads to incorrect estimates of
the standard errors of the treatment effects.

Several investigators who explored different den-
tal and medical disciplines concluded that study
methodology was generally poor.6,97 Therefore, it
was not surprising to find that the methodologic
quality of RCTs in implant dentistry was poor.
Since much effort in terms of resources and time is
invested in research, it would be valuable if the
methodologic quality of research was of a sufficient
level to produce more meaningful results.

To improve the quality of reporting RCTs, a uni-
fied statement of a panel of experts (the CON-
SORT statement) was published (http://www.con-
sort-statement.org).90 In principle, the requirements
are that authors provide enough information for the
readers to know how a trial was performed so they
can judge whether the findings are likely to be reli-
able. Several eminent medical and dental journals,
including The Lancet, Journal of the American Medical
Association, British Medical Journal, and British Dental
Journal, have adopted these recommendations for
publishing RCTs.

In conclusion, there seems to be considerable
potential for improving the design, conduct, statistical
analysis, and reporting of RCTs in implant dentistry.



C
O

P
Y

R
IG

H
T

 ©
 2001 B

Y
 Q

U
IN

T
E

S
S

E
N

C
E

 P
U

B
LIS

H
IN

G
 C

O
, IN

C
.P

R
IN

T
IN

G
 O

F
 T

H
IS

 D
O

C
U

M
E

N
T

 IS
 R

E
S

T
R

IC
T

E
D

 TO
 P

E
R

S
O

N
A

L U
S

E
 O

N
LY.N

O
 PA

R
T

 O
F

 T
H

IS
 A

R
T

IC
LE

 M
AY

 B
E

R
E

P
R

O
D

U
C

E
D

 O
R

 T
R

A
N

S
M

IT
T

E
D

 IN
 A

N
Y

 F
O

R
M

 W
IT

H
O

U
T

 W
R

IT
T

E
N

 P
E

R
M

IS
S

IO
N

 F
R

O
M

 T
H

E
 P

U
B

LIS
H

E
R

.

790 Volume 16, Number 6, 2001

ESPOSITO ET AL

ACKNOWLEDGMENTS

This study was supported in part by the Swedish Medical
Research Council (9495), the Swedish National Board for Tech-
nical Development (NUTEK), the Hjalmar Svensson Founda-
tion (Sweden), and the PPP Healthcare Trust (United King-
dom). No financial support has been received from any oral
implant manufacturer. We wish to thank Sylvia Bickley
(Cochrane Collaboration) for her assistance with literature
searching. It is possible that the authors failed to mention the
work of some investigators. Such omissions do not reflect the
importance of the studies but an inability to gain access to this
material. The authors wish to thank in advance all those who
will provide information regarding any published or unpub-
lished RCT of oral implants not included in the present article.

REFERENCES

1. Colditz GA, Miller JN, Mosteller F. How study design
affects outcomes in comparisons of therapy. I: Medical Stat
Med 1989;8:441–454.

2. Schulz KF, Chalmers I, Hayes RJ, Altman DG. Empirical
evidence of bias. Dimensions of methodological quality asso-
ciated with estimates of treatment effects in controlled trials.
JAMA 1995;273:408–412.

3. Adams CE, Power A, Frederick K, Lefebvre C. An investiga-
tion of the adequacy of Medline searches for randomized
controlled trials (RCTs) of the effects of mental health care.
Psychol Med 1994;24:741–748.

4. Dickersin K, Scherer R, Lefebvre C. Identifying relevant
studies for systematic reviews. In: Chalmers I, Altman DG
(eds). Systematic Reviews. London: BMJ Publishing Group,
1995:17–36.

5. Moher D, Dulberg CS, Wells GA. Statistical power, sample
size, and their reporting in randomized controlled trials.
JAMA 1994;272:122–124.

6. Fahey T, Hyde C, Milne R, Thorogood M. The type and qual-
ity of randomized controlled trials (RCTs) published in UK
public health journals. J Pub Health Med 1995;17:469–474.

7. Dumbrigue HB, Jones JS, Esquivel JF. Developing a register
for randomized controlled trials in prosthodontics: Results
of a search from prosthodontic journals published in the
United States. J Prosthet Dent 1999;82:699–703.

8. Clarke M, Oxman AD. Cochrane Reviewers’ Handbook 4.1
[update June 2000]. Review Manager (RevMan) [computer
program]. Oxford: The Cochrane Collaboration, 2000.

9. Jadad A. Randomized Controlled Trials. A User’s Guide.
London: BMJ Publishing Group, 1998.

10. El Charkawi HG. Residual ridge changes under titanium
plasma-sprayed screw implant systems. J Prosthet Dent
1989;62:576–580.

11. Åstrand P, Borg K, Gunne J, Olsson M. Combination of nat-
ural teeth and osseointegrated implants as prosthesis abut-
ments: A 2-year longitudinal study. Int J Oral Maxillofac
Implants 1991;6:305–312.

12. Dahlin C, Andersson L, Linde A. Bone augmentation at fen-
estrated implants by an osteopromotive membrane tech-
nique. A controlled clinical study. Clin Oral Implants Res
1991;2:159–165.

13. Friberg B, Gröndahl K, Lekholm U. A new self-tapping
Brånemark implant: Clinical and radiographic evaluation.
Int J Oral Maxillofac Implants 1992;7:80–85.

14. Gunne J, Åstrand P, Ahlén K, Borg K, Olsson M. Implants
in partially edentulous patients. A longitudinal study of
bridges supported by both implants and natural teeth. Clin
Oral Implants Res 1992;3:49–56.

15. Lundqvist S, Lohmander-Agerskov A, Haraldson T. Speech
before and after treatment with bridges on osseointegrated
implants in the edentulous upper jaw. Clin Oral Implants
Res 1992;3:57–62.

16. Morris HF, Ochi S. Dental Implant Clinical Research
Group (Planning Committee). The influence of implant
design, application, and site on clinical performance and cre-
stal bone: A multicenter, multidisciplinary clinical study.
Implant Dent 1992;1:49–55.

17. De Grandmont P, Feine JS, Taché R, et al. Within-subject
comparisons of implant-supported mandibular prostheses:
Psychometric evaluation. J Dent Res 1994;73:1096–1104.

18. Feine JS, de Grandmont P, Boudrias P, et al. Within-subject
comparisons of implant-supported mandibular prostheses:
Choice of prosthesis. J Dent Res 1994;73:1105–1111.

19. Feine JS, Maskawi K, de Grandmont P, Donohue WB, Tan-
guay R, Lund JP. Within-subject comparisons of implant-
supported mandibular prostheses: Evaluation of masticatory
function. J Dent Res 1994;73:1646–1656.

20. Geertman ME, Slagter AP, van Waas MAJ, Kalk W. Com-
minution of food with mandibular implant-retained over-
dentures. J Dent Res 1994;73:1858–1864.

21. Gher ME, Quintero G, Assad D, Monaco E, Richardson AC.
Bone grafting and guided bone regeneration for immediate
dental implants in humans. J Periodontol 1994;65:881–891.

22. Lavigne SE, Krust-Bray KS, Williams KB, Killoy WJ,
Theisen F. Effects of subgingival irrigation with chlorhexi-
dine on the periodontal status of patients with HA-coated
Integral dental implants. Int J Oral Maxillofac Implants
1994;9:156–162.

23. Naert I, Quirynen M, Hooghe M, van Steenberghe D. A
comparative prospective study of splinted and unsplinted
Brånemark implants in mandibular overdenture therapy: A
preliminary report. J Prosthet Dent 1994;71:486–492.

24. Palmer RM, Floyd PD, Palmer PJ, Smith BJ, Johansson CB,
Albrektsson T. Healing of implant dehiscence defects with
and without expanded polytetrafluoroethylene membranes:
A controlled clinical and histological study. Clin Oral
Implants Res 1994;5:98–104.

25. Boerrigter EM, Stegenga B, Raghoebar GM, Boering G.
Patient satisfaction and chewing ability with implant-
retained mandibular overdentures: A comparison with new
complete dentures with or without preprosthetic surgery. J
Oral Maxillofac Surg 1995;53:1167–1173.

26. Boerrigter EM, Geertman ME, van Oort RP, et al. Patient
satisfaction with implant-retained mandibular overdentures.
A comparison with new complete dentures not retained by
implants—A multicentre randomized clinical trial. Br J Oral
Maxillofac Surg 1995;33:282–288.

27. Burns DR, Unger JW, Elswick RKJ, Beck DA. Prospective
clinical evaluation of mandibular implant overdentures: Part
I—Retention, stability, and tissue response. J Prosthet Dent
1995;73:354–363.

28. Burns DR, Unger JW, Elswick RKJ, Giglio JA. Prospective
clinical evaluation of mandibular implant overdentures: Part
II—Patient satisfaction and preference. J Prosthet Dent
1995;73:364–369.

29. Ciancio SG, Lauciello F, Shibly O, Vitello M, Mather M.
The effect of an antiseptic mouthrinse on implant mainte-
nance: Plaque and peri-implant gingival tissues. J Periodon-
tol 1995;66:962–965.



30. Jeffcoat MK, Reddy MS, Wang IC, Meuninghoff LA, Farmer
JB, Koth DL. The effect of systemic flurbiprofen on bone sup-
porting dental implants. J Am Dent Assoc 1995;126:305–311.

31. Olsson M, Gunne J, Åstrand P, Borg K. Bridges supported
by free-standing implants versus bridges supported by tooth
and implant. A five-year prospective study. Clin Oral
Implants Res 1995;6:114–121.

32. Barber HD, Seckinger RJ, Silverstein K, Abughazaleh K.
Comparison of soft tissue healing and osseointegration of
IMZ implants placed in one-stage and two-stage techniques:
A pilot study. Implant Dent 1996;5:11–14.

33. Bollen CML, Papaioanno W, van Eldere J, Schepers E,
Quirynen M, van Steenberghe D. The influence of abut-
ment surface roughness on plaque accumulation and peri-
implant mucositis. Clin Oral Implants Res 1996;7:201–211.

34. Davis DM, Rogers JO, Packer ME. The extent of maintenance
required by implant-retained mandibular overdentures: A 3-
year report. Int J Oral Maxillofac Implants 1996;11:767–774.

35. Geertman ME, van Waas MAJ, van ´t Hof MA, Kalk W.
Denture satisfaction in a comparative study of implant-
retained mandibular overdentures: A randomized clinical
trial. Int J Oral Maxillofac Implants 1996;11:194–200.

36. Geertman ME, Boerrigter EM, van Waas MAJ, van Oort
RP. Clinical aspects of a multicenter clinical trial of implant-
retained mandibular overdentures in patients with severely
resorbed mandibles. J Prosthet Dent 1996;75:194–204.

37. Geertman ME, Boerrigter EM, van ´t Hof MA, et al. Two-
center clinical trial of implant-retained mandibular overden-
tures versus complete dentures—Chewing ability. Commu-
nity Dent Oral Epidemiol 1996;24:79–84.

38. Hämmerle CHF, Brägger U, Bürgin W, Lang NP. The
effect of subcrestal placement of the polished surface of ITI
implants on marginal soft and hard tissues. Clin Oral
Implants Res 1996;7:111–119.

39. Hunt BW, Sandifer JB, Assad DA, Gher ME. Effect of flap
design on healing and osseointegration of dental implants.
Int J Periodontics Restorative Dent 1996;16:583–593.

40. Kwakman JM, Voorsmit RACA, van Waas MAJ, Freihofer
HPM, Geertman ME. Transmandibular implant versus
intramobile cylinder implants: A randomized, prospective
clinical trial. Int J Oral Maxillofac Surg 1996;25:433–438.

41. Quirynen M, Bollen CML, Papaioannou W, Van Eldere J,
van Steenberghe D. The influence of titanium abutment
surface roughness on plaque accumulation and gingivitis:
Short-term observations. Int J Oral Maxillofac Implants
1996;11:169–178.

42. Simion M, Scarano A, Gionso L, Piattelli A. Guided bone
regeneration using resorbable and nonresorbable mem-
branes: A comparative histologic study in humans. Int J Oral
Maxillofac Implants 1996;11:735–742.

43. Boerrigter EM, van Oort RP, Raghoebar GM, Stegenga B,
Schoen PJ, Boering G. A controlled clinical trial of implant-
retained mandibular overdentures: Clinical aspects. J Oral
Rehabil 1997;24:182–190.

44. Bouma J, Boerrigter LM, van Oort RP, van Sonderen E,
Boering G. Psychosocial effects of implant-retained over-
dentures. Int J Oral Maxillofac Implants 1997;12:515–522.

45. Davis DM. Implant supported overdentures—The King’s
experience. J Dent 1997;25(suppl 1):S33–S37.

46. Felo A, Shibly O, Ciancio SG, Lauciello FR, Ho A. Effects
of subgingival chlorhexidine irrigation on peri-implant
maintenance. Am J Dent 1997;10:107–110.

47. Gunne J, Rangert B, Glantz P-O, Svensson A. Functional
loads on freestanding and connected implants in three-unit
mandibular prostheses opposing complete dentures: An in
vivo study. Int J Oral Maxillofac Implants 1997;12:335–341.

48. Jones JD, Saigusa M, Van Sickels JE, Don Tiner B, Gardner
WA. Clinical evaluation of hydroxyapatite-coated titanium
plasma-sprayed and titanium plasma-sprayed cylinder dental
implants. A preliminary report. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1997;84:137–141.

49. Kemppainen P, Eskola S, Ylipaavalniemi P. A comparative
prospective clinical study of two single-tooth implants: A
preliminary report of 102 implants. J Prosthet Dent 1997;
77:382–387.

50. Manz MC. Radiographic assessment of peri-implant vertical
bone loss: DICRG interim report No. 9. J Oral Maxillofac
Surg 1997;55(suppl 5):62–71.

51. Morris HF, Manz MC, Tarolli JH. Success of multiple en-
dosseous dental implant designs to second-stage surgery
across study sites. J Oral Maxillofac Surg 1997;55(suppl 5):
76–82.

52. Naert IE, Gizani S, Vuylsteke M, van Steenberghe D. A ran-
domised clinical trial on the influence of splinted and
unsplinted oral implants in mandibular overdenture therapy.
A 3-year report. Clin Oral Investig 1997;1:81–88.

53. Tang L, Lund JP, Taché R, Clokie CML, Feine JS. A within-
subject comparison of mandibular long-bar and hybrid
implant-supported prostheses: Psychometric evaluation and
patient preference. J Dent Res 1997;76:1675–1683.

54. Truhlar RS, Farish SE, Scheitler LE, Morris HF, Ochi S.
Bone quality and implant design-related outcomes through
stage II surgical uncovering of Spectra system root form
implants. J Oral Maxillofac Surg 1997;55(suppl 5):46–54.

55. Wismeijer D, van Waas MAJ, Vermeeren JIJF, Mulder J,
Kalk W. Patient satisfaction with implant-supported
mandibular overdentures. A comparison of three treatment
strategies with ITI dental implants. Int J Oral Maxillofac
Surg 1997;26:263–267.

56. Wismeijer D, van Waas MAJ, Vermeeren JIJF, Kalk W.
Patients’ perception of sensory disturbances of the mental
nerve before and after implant surgery: A prospective study
of 110 patients. Br J Oral Maxillofac Surg 1997;35:254–259.

57. Zitzmann NU, Naef R, Schärer P. Resorbable versus nonre-
sorbable membranes in combination with Bio-Oss for
guided bone regeneration. Int J Oral Maxillofac Implants
1997;12:844–852.

58. Åstrand P, Gunne J. Implant-supported versus tooth-implant–
supported bridges. Tandläkartidningen 1998;90:37–41.

59. Batenburg RHK, Raghoebar GM, Van Oort RP, Heijdenrijk
K, Boering G. Mandibular overdentures supported by two
or four endosteal implants. A prospective, comparative study.
Int J Oral Maxillofac Surg 1998;27:435–439.

60. Batenburg RHK, Meijer HJA, Raghoebar GM, van Oort RP,
Boering G. Mandibular overdentures supported by two Bråne-
mark, IMZ or ITI implants. A prospective comparative pre-
liminary study: One-year results. Clin Oral Implants Res 1998;
9:374–383.

61. Bergendal T, Engquist B. Implant-supported overdentures:
A longitudinal prospective study. Int J Oral Maxillofac
Implants 1998;13:253–262.

62. Fontijn-Tekamp FA, Slagter AP, van ´t Hof MA, Geertman
ME, Kalk W. Bite forces with mandibular implant-retained
overdentures. J Dent Res 1998;77:1832–1839.

63. Garrett NR, Kapur KK, Hamada MO, et al. A randomized
clinical trial comparing the efficacy of mandibular implant-
supported overdentures and conventional dentures in dia-
betic patients. Part II. Comparisons of masticatory perfor-
mance. J Prosthet Dent 1998;79:632–640.

The International Journal of Oral & Maxillofacial Implants 791

ESPOSITO ET AL

C
O

P
Y

R
IG

H
T

 ©
 2001 B

Y
 Q

U
IN

T
E

S
S

E
N

C
E

 P
U

B
LIS

H
IN

G
 C

O
, IN

C
.P

R
IN

T
IN

G
 O

F
 T

H
IS

 D
O

C
U

M
E

N
T

 IS
 R

E
S

T
R

IC
T

E
D

 TO
 P

E
R

S
O

N
A

L U
S

E
 O

N
LY.N

O
 PA

R
T

 O
F

 T
H

IS
 A

R
T

IC
LE

 M
AY

 B
E

R
E

P
R

O
D

U
C

E
D

 O
R

 T
R

A
N

S
M

IT
T

E
D

 IN
 A

N
Y

 F
O

R
M

 W
IT

H
O

U
T

 W
R

IT
T

E
N

 P
E

R
M

IS
S

IO
N

 F
R

O
M

 T
H

E
 P

U
B

LIS
H

E
R

.



64. Jemt T, Bergendal B, Arvidsson K, et al. Laser-welded tita-
nium frameworks supported by implants in the edentulous
maxilla: A 2-year prospective multicenter study. Int J
Prosthodont 1998;11:551–557.

65. Kapur KK, Garrett NR, Hamada MO, et al. A randomized
clinical trial comparing the efficacy of mandibular implant-
supported overdentures and conventional dentures in dia-
betic patients. Part I: Methodology and clinical outcomes. J
Prosthet Dent 1998;79:555–569.

66. Khamis MM, Zaki HS, Rudy TE. A comparison of the effect
of different occlusal forms in mandibular implant overden-
tures. J Prosthet Dent 1998;79:422–429.

67. Kwakman JM, Voorsmit RACA, Freihofer HPM, van Waas
MAJ, Geertman ME. Randomized prospective clinical trial
of two implant systems for overdenture treatment: A com-
parison of the 2-year and 5-year results using the clinical
implant performance scale. Int J Oral Maxillofac Surg 1998;
27:94–98.

68. Naert I, Gizani S, Vuylsteke M, van Steenberghe D. A 5-
year randomized clinical trial on the influence of splinted
and unsplinted oral implants in the mandibular overdenture
therapy. Part I: Peri-implant outcome. Clin Oral Implants
Res 1998;9:170–177.

69. Strooker H, Rohn S, van Winkelhoff AJ. Clinical and micro-
biologic effects of chemical versus mechanical cleansing in
professional supportive implant therapy. Int J Oral Maxillo-
fac Implants 1998;13:845–850.

70. Van der Wijk P, Bouma J, van Waas MAJ, van Oort RP, Rut-
ten FFH. The cost of dental implants as compared to that of
conventional strategies. Int J Oral Maxillofac Implants 1998;
13:546–553.

71. Wolff L, Kim A, Nunn M, Bakdash B, Hinrichs J. Effective-
ness of a sonic toothbrush in maintenance of dental implants.
A prospective study. J Clin Periodontol 1998;25:821–828.

72. Andersson B, Schärer P, Simion M, Bergström C. Ceramic
implant abutments used for short-span fixed partial den-
tures: A prospective 2-year multicenter study. Int J Prostho-
dont 1999;12:318–324.

73. Åstrand P, Engquist B, Dahlgren S, Engquist E, Feldmann
H, Gröndahl K. Astra Tech and Brånemark System implants:
A prospective 5-year comparative study. Results after one
year. Clin Implant Dent Rel Res 1999;1:17–26.

74. Davis DM, Packer ME. Mandibular overdentures stabilized
by Astra Tech implants with either ball attachments or mag-
nets: 5-year results. Int J Prosthodont 1999;12:222–229.

75. Geertman ME, Slagter AP, van ´t Hof MA, van Waas MAJ,
Kalk W. Masticatory performance and chewing experience
with implant-retained mandibular overdentures. J Oral
Rehabil 1999;26:7–13.

76. Gunne J, Åstrand P, Lindh T, Borg K, Olsson M. Tooth-
implant and implant-supported fixed partial dentures: A 10-
year report. Int J Prosthodont 1999;12:216–221.

77. Jones JD, Lupori J, van Sickels JE, Gardner WA. A 5-year
comparison of hydroxyapatite-coated titanium plasma-
sprayed and titanium plasma-sprayed cylinder dental
implants. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 1999;87:649–652.

78. Kapur KK, Garrett NR, Hamada MO, et al. Randomized
clinical trial comparing the efficacy of mandibular implant-
supported overdentures and conventional dentures in dia-
betic patients. Part III: Comparisons of patient satisfaction. J
Prosthet Dent 1999;82:416–427.

79. Majzoub Z, Cordioli G, Aramouni PK, Vigolo P, Piattelli A.
Guided bone regeneration using demineralized laminar
bone sheets versus GTAM membranes in the treatment of
implant-associated defects. A clinical and histological study.
Clin Oral Implants Res 1999;10:406–414.

80. Meijer HJA, Raghoebar GM, van ‘t Hof MA, Geertman
ME, van Oort RP. Implant-retained mandibular overden-
tures compared with complete dentures; A 5-years’ follow-
up study of clinical aspects and patient satisfaction. Clin
Oral Implants Res 1999;10:238–244.

81. Naert I, Gizani S, Vuylsteke M, van Steenberghe D. A 5-
year prospective randomized clinical trial on the influence of
splinted and unsplinted oral implants retaining a mandibular
overdenture: Prosthetic aspects and patient satisfaction. J
Oral Rehabil 1999;26:195–202.

82. Tang L, Lund JP, Taché R, Clokie CML, Feine JS. A within-
subject comparison of mandibular long-bar and hybrid
implant-supported prostheses: Evaluation of masticatory
function. J Dent Res 1999;78:1544–1553.

83. Wismeijer D, van Waas MAJ, Mulder J, Vermeeren JIJF,
Kalk W. Clinical and radiological results of patients treated
with three treatment modalities for overdentures on implants
of the ITI Dental Implant System. A randomized controlled
clinical trial. Clin Oral Implants Res 1999;10:297–306.

84. Simes RJ. Confronting publication bias: A cohort design for
meta-analysis. Stat Med 1987;6:11–29.

85. Cook DJ, Guyatt GH, Ryan G, et al. Should unpublished
data be included in meta-analyses? Current convictions and
controversies. JAMA 1993;269:2749–2753.

86. Grégoire G, Derderian F, Le Lorier J. Selecting the language
of the publications included in a meta-analysis: Is there a
Tower of Babel bias? J Clin Epidemiol 1995;48:159–163.

87. Moher D, Fortin P, Jadad AR, et al. Completeness of report-
ing of trials published in languages other than English:
Implications for conduct and reporting of systematic
reviews. Lancet 1996;347:363–366.

88. Jüni P, Witschi A, Block R, Egger M. The hazards of scoring
the quality of clinical trials for meta-analysis. JAMA 1999;
282:1054–1160.

89. Altman DG, Dore CJ. Randomisation and baseline compar-
isons in clinical trials. Lancet 1990;335:149–153.

90. Begg C, Cho M, Eastwood S, et al. Improving the quality of
reporting of randomized controlled trials. The CONSORT
statement. JAMA 1996;276:637–639.

91. Jadad AR, Moore RA, Carroll D, et al. Assessing the quality
of reports of randomized clinical trials: Is blinding neces-
sary? Control Clin Trials 1996;17:1–12.

92. Esposito M, Worthington HV, Coulthard P. In search of
truth: The role of systematic reviews and meta-analyses for
assessing the effectiveness of rehabilitation with oral
implants. Clin Implant Dent Rel Res 2001;3:62–78.

93. Freiman JA, Chalmers TC, Smith HJ, Kuebler RR. The
importance of beta, the type II error and sample size in the
design and interpretation of the randomized control trial. Sur-
vey of 71 “negative” trials. N Engl J Med 1978;299:690–694.

94. Altman DG. Statistics and ethics in medical research: III.
How large a sample? Br Med J 1980;281:1336–1338.

95. Altman DG. Practical Statistics for Medical Research. Lon-
don: Chapman & Hall, 1991.

96. Schulz KF. Subverting randomization in controlled trials.
JAMA 1995;274:1456–1458.

97. Antczak AA, Tang J, Chalmers TC. Quality assessment of
randomized control trials in dental research. II. Results:
periodontal research. J Periodontal Res 1986;21:315–321.

792 Volume 16, Number 6, 2001

ESPOSITO ET AL

C
O

P
Y

R
IG

H
T

 ©
 2001 B

Y
 Q

U
IN

T
E

S
S

E
N

C
E

 P
U

B
LIS

H
IN

G
 C

O
, IN

C
.P

R
IN

T
IN

G
 O

F
 T

H
IS

 D
O

C
U

M
E

N
T

 IS
 R

E
S

T
R

IC
T

E
D

 TO
 P

E
R

S
O

N
A

L U
S

E
 O

N
LY.N

O
 PA

R
T

 O
F

 T
H

IS
 A

R
T

IC
LE

 M
AY

 B
E

R
E

P
R

O
D

U
C

E
D

 O
R

 T
R

A
N

S
M

IT
T

E
D

 IN
 A

N
Y

 F
O

R
M

 W
IT

H
O

U
T

 W
R

IT
T

E
N

 P
E

R
M

IS
S

IO
N

 F
R

O
M

 T
H

E
 P

U
B

LIS
H

E
R

.


