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Abstract
Aim: The increasing popularity of randomized-controlled trials (RCTs) has raiseed
the issue of their quality. Frequently overlooked are the differences between
superiority and equivalence trials. The purpose of this study was to apply specific
methodological criteria to evaluate the quality of active-control trials using studies that
compared guided tissue regeneration (GTR) with enamel matrix derivatives (EMD).

Materials and Methods: Seven RCTs were identified in the literature. Standard
methodological criteria and seven additional criteria for trials using active-control
groups were used to evaluate the quality of the seven RCTs.

Results: Two trials were considered as superiority trials. The remaining five provided
no clear statement of their research aim. However, two claimed that EMD and GTR
were equally effective, because their results failed to show a significant difference
between EMD and GTR. Most trials did not meet the majority of the design criteria.

Conclusions: The general lack of compliance with quality criteria might place doubt
on the value of these trials and may render any conclusions questionable. It is therefore
important to distinguish clearly between superiority trials and equivalence trials, and to
incorporate appropriate additional criteria in the design of future RCTs with active-
control groups.
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A recent systematic review examined
the ‘‘quality’’ of randomized-controlled
trials (RCTs) in dental research (Mon-
tenegro et al. 2002). One hundred and
seventy-seven trials reported in the
literature were assessed using the fol-
lowing criteria: (1) the randomization
process; (2) the concealment of treat-
ment allocation; (3) the blinding of
examiners in the assessment of treat-
ment outcomes; and (4) the follow-up of
patients. Results indicated that the qual-
ity of these RCTs frequently failed to
reach recommended standards.

An important issue in evaluating the
quality of RCTs is the distinction bet-
ween superiority and equivalence. This
distinction has been discussed pre-
viously, but frequently overlooked in
dental research (Fleiss 1992, Koch &
Paquette 1997, Gunsolley et al. 1998,

Burns & Elswick 2001). A clinical trial
to test whether a new treatment modality
has a genuine effect, or can give rise to
better outcomes than the placebo or
conventional treatment, is known as a
superiority trial. A clinical trial to test
whether the performance of a new treat-
ment, which might be cheaper or easier
to use, is comparable with that of the
established treatment in current practice,
is known as an equivalence trial.

Equivalence trials have become more
and more prevalent in medical research
as the use of placebo controls within
trials has been claimed to be unethical
when an established treatment is avail-
able (Rothman & Michels 1994).
Although superiority and equivalence
trials share common characteristics in
study design – for example random
allocation, concealment of randomiza-

tion, blindness, intention to treat, etc –
there are additional considerations for
study designs of equivalence trials
when an active-control is used (Greene
et al. 2000, McAlister & Sackett 2001).
This is important, because the design
and interpretation of equivalence trials
require a different methodology if the
results and conclusions are to be valid.
Failure to show the superiority of one
treatment over the other does not prove
that these two treatments are equivalent.

An RCT using an established treat-
ment as an active-control group can be a
superiority trial, if the aim of the trial is
to show that the new treatment is better
than the established treatment. In con-
trast, an RCT using an established treat-
ment as an active-control group can be
an equivalence trial (or a non-inferiority
trial), if the aim of the trial is to show
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that the new treatment is as good as (or
at least as good as) the established
treatment. However, the research hypo-
theses and study designs are entirely
different for these two dissimilar research
strategies. For instance, the required sam-
ple size for an equivalence trial might be
substantially greater than that for a super-
iority trial (Tu et al. 2005). Underpow-
ered active-control trials might give rise
to a false impression that the new treat-
ment is as good as the established one, if
there is no distinction between super-
iority and equivalence in their research
hypotheses.

Consider a hypothetical study, in
which a new model of a powered tooth-
brush is tested against an existing model
of a powered toothbrush and a manual
toothbrush. The study might show no
significant difference in the performance
between the two powered toothbrushes,
yet find a significant difference bet-
ween the powered toothbrushes and the
manual toothbrush. Therefore, the study
demonstrates the superiority of the new
powered toothbrush over the manual
one. However, no definite conclusion
can be arrived at regarding the compar-
ison between the two powered tooth-
brushes; the failure to show that the
powered toothbrushes are different
does not necessarily imply they are
equally effective, because by increasing
the sample size, even a small difference
in the performance between the two
powered toothbrushes can be shown to
be statistically significant.

The aim of this study is to demon-
strate how to apply additional methodo-
logical considerations anticipated for
equivalence trials (Greene et al. 2000,
McAlister & Sackett 2001) to evaluate
the quality of clinical trials when an
established treatment is used as an
active-control. An example in perio-
dontology, chosen for illustration, is
the comparison between guided tissue
regeneration (GTR) and enamel matrix
protein derivatives (EMD) as used in
regenerative surgery. According to a
recent systematic review (Esposito et
al. 2003), no clinically important differ-
ence in the treatment outcomes was
found between the two techniques.
Nevertheless, no additional methodo-
logical criteria, such as distinction
between superiority/equivalence trials,
power calculation, and correct null
hypothesis testing, for evaluation of
active-control trials were taken into
consideration within this systematic
review.

Material and Methods

An electronic search of the database
MEDLINE from the year 1997 (when
the first case report on using EMD was
published) up to March 2004 was under-
taken to identify studies that compared
the treatment effects of GTR and EMD.
The reference lists cited by the two
recent reviews on EMD (Kalpitis &
Ruben 2002, Esposito et al. 2003)
were crosschecked to ensure that the
search strategy was comprehensive.

Standard methodological criteria for
evaluation of the quality of RCTs have
been discussed in detail by a recent
systematic review (Montenegro et al.
2002). We describe seven additional
criteria specifically designed for evalua-
tion of quality of RCTs in which an
active-control group is used, and apply
them to clinical trials that compare
treatment effects between GTR and
EMD. The first six of these additional
criteria have been used already in med-
ical research (Greene et al. 2000, McAl-
ister & Sackett 2001); they are modified
here slightly to accommodate their use
in this particular study. Criterion 7,
which we introduce here to evaluate
the general quality of clinical trials, is
overlooked by most systematic reviews,
despite being critical in assessing the
conduct of RCTs.

Additional Methodological Criteria for

Active-Control Trials

Criterion 1: Did the Research Aim
Describe Test Equivalence or
Superiority?

A clearly stated research aim is neces-
sary for researchers to choose the perti-
nent variables for their study, i.e.
boundaries for the magnitude of equiva-
lence or difference between treatments,
and is essential to make appropriate
statistical and clinical inferences from
the results. If the research question has
been described as testing whether using
EMD (or GTR) can achieve better treat-
ment outcomes than GTR (or EMD), the
study will be considered a superiority
trial. If the research question has been
described as testing whether using EMD
(or GTR) can achieve comparable treat-
ment outcomes with GTR (or EMD), the
study will be considered an equivalence
trial. When there is no clear statement of
the research aims, such as ‘‘the aim of
this study is to compare EMD with
GTR’’, and if a conclusion is made in
the study that the treatment effects of

EMD and GTR are equally effective, the
study will be assumed to test the ther-
apeutic equivalence between the two
regenerative treatments. Otherwise, the
study test remains indeterminate.

Criterion 2: Was the Superiority/
Equivalence Margin Specified
Quantitatively before the Study
Commenced?

In a superiority trial, a pre-specified
margin of difference between the two
treatments that is deemed large enough
to be clinically significant has to be
specified before the trial commences. In
an equivalence trial, the equivalence
margin that is deemed sufficiently small
by clinicians not to differentiate the
treatment effects as clinically significant
must also be specified before the trial
commences. For the latter, when the
confidence interval of the difference in
the efficacy between the treatments falls
within the pre-specified margin, these
two treatments are considered equivalent.

Criterion 3: Was the Appropriate Null
Hypothesis Tested?

For a superiority trial, the null hypoth-
esis is that there is no difference
between treatments. The trial is
designed to reject the null hypothesis,
thereby showing that the test group
achieves a statistically better outcome.
In contrast, equivalence trials test the
null hypothesis that any difference that
occurs between the treatments is greater
than the pre-specified equivalence mar-
gin. If the results reject the null hypoth-
esis, where the difference in treatment
efficacy falls within the pre-specified
margin, the new treatment (such as
EMD) is shown not to be inferior to or
is ‘‘as good as’’ the active-control (such
as GTR). It is important to note that the
failure to reject the null hypothesis in a
superiority trial cannot be used directly
as evidence that the two treatments are
equivalent (Duke & Garrett 1998). A
common error in superiority trials is to
assume that the two treatments are
equivalent if the results fail to reject
the null hypothesis.

Criterion 4: Was the Required Sample
Size Calculated?

The required sample size should be
calculated according to the appropriate
null hypothesis and the pre-specified
superiority or equivalence margin. This
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ensures that the trial will have sufficient
power to detect a difference in the
treatment efficacy that exceeds the spe-
cified margin.

Criterion 5: Was the Active Control
Used Shown to be Effective?

This is important because positive
results of equivalence trials are usually
interpreted as the new treatment being
as effective as the standard one. How-
ever, if the active control has not been
shown to be effective, then positive
results of equivalence trials would
show nothing more than both treatments
being equally ineffective.

Criterion 6: Were Both Treatment
Regimens Applied in an Optimal
Fashion?

For a treatment to be effective, it needs
to be applied in an optimal way that has
been established previously, otherwise a
false-negative result may occur. For
instance, close follow-up and a strict
oral hygiene regime have been shown

to be key factors for the success of GTR
(Cortellini & Tonetti 2000). If inade-
quate details of the regimen are pro-
vided, it is not clear whether the
treatments were applied in an optimal
fashion.

Criterion 7: Was the Appropriate
Statistical Analysis Chosen, and was its
Interpretation Correct?

The choice of statistical test is an impor-
tant part of the research design of the
study. Inappropriate analyses and incor-
rect interpretation of their results may
lead to misleading or incorrect conclu-
sions be drawn from the research. The
statistical analyses of the studies identi-
fied in this article are verified to observe
whether the statistical tests adopted are
appropriate, and that the statistical test
results are interpreted correctly.

Results

Nine studies were identified from the
literature review. One did not state

whether the study was designed as a
clinical trial (Pietruska 2001) and
another one was not a randomized-con-
trolled trial (Parashis et al. 2004).
Hence, seven studies were included
for assessment of their methodological
quality. The main outcome variables
were probing pocket depth (PPD) and
clinical attachment level (CAL). Find-
ings from the seven trials are summar-
ized in Table 1. Studies were listed (and
hence labelled) according to their pub-
lication date. The quality assessment of
the seven clinical trials using the stan-
dard criteria is summarized in Table 2
(Montenegro et al. 2002).

Quality Assessment of Additional

Methodological Criteria for Active-Control

Trials Additional Criteria (See Table 3)

Criterion 1: Was the Research Aim
Described as Testing Equivalence or
Superiority?

Study IV claimed that it was designed to
test superiority, and Study III to test
‘‘difference’’. There was no clear state-

Table 1. Summary of the clinical findings from the seven studies comparing enamel matrix derivatives (EMD) and guided tissue regeneration
(GTR)

Study Sample size
in EMD group

Sample size in
GTR group

Mean PPD
(mm) reduction

in EMD

Mean PPD
(mm) reduction

in GTR

Mean CAL (mm)
gain in EMD

Mean CAL (mm)
gain in GTR

In (Pontoriero et al. 1999) 10 10 4.4 4.7 2.9 2.9
II (Silvestri et al. 2000) 10 10 4.9 5.7 4.5 4.8
III (Sculean et al. 2001b) 14 14 4.1 4.2 3.4 3.1
IV (Sculean et al. 2001a) 12 12 3.4 3.4 3.0 2.9
V (Zucchelli et al. 2002) 30 30 5.1 6.5 4.2 4.9
VIw (Minabe et al. 2002) 22 23 5.4 4.6 3.0 3.0
VII (Silvestri et al. 2003) 48 48 5.3 5.6 4.1 4.3

n The sample size in the GTR group is the group using non-resorbable membrane as the other two resorbable membranes are no longer available.
wThe unit of analysis for sample size was site, even though some patients contributed more than one site. The sample size in the GTR group is the group

using membrane only, and there is a third group treated with membrane and EMD simultaneously.

Table 2. Quality assessment of the studies using the standard randomized-controlled trials methodological criteria (Montenegro et al. 2002)

Study Described as
randomized

Randomization
methods

Allocation
concealment

method

Patient
blinding

Caregiver
blinding

Examiner
blinding

All patients
accounted for

at the end
of the study

Analysis accounts
for patient loss

I (Pontoriero et al. 1999) Yes Unclear Unclear Unclear Not applicablew Unclear Yes Not applicable
II (Silvestri et al. 2000) Inadequaten Unclear Unclear Unclear Not applicable Unclear Yes Not applicable
III (Sculean et al. 2001b) Yes Unclear Unclear Unclear Not applicable Yes Yes Not applicable
IV (Sculean et al. 2001a) Yes Yes Unclear Unclear Not applicable Yes No No
V (Zucchelli et al. 2002) Yes Yes Unclear Unclear Not applicable Yes Yes Not applicable
VI (Minabe et al. 2002) Yes Unclear Unclear Unclear Not applicable Unclear Yes Not applicable
VII (Silvestri et al. 2003) Yes Unclear Unclear Unclear Not applicable Unclear No No

n This study was described as a clinical trial, although random allocation was not explicitly described.
wAs applications of guided tissue regeneration and EMD need different procedures, caregiver blinding was considered not applicable.
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ment in the remaining publications
whether the research tested superiority
or equivalence. However, two studies
claimed in their conclusions that EMD
and GTR were ‘‘equally effective’’
(Study I) or ‘‘equally satisfactory’’
(Study V). These two studies were
therefore assumed to test the therapeutic
equivalence between the two regenera-
tive treatments. The research aim in the
remaining three studies was unclear.

Criterion 2: Was the Superiority/
Equivalence Margin Specified
Quantitatively Before the Study?

Studies III and IV pre-specified a margin
of 1 mm difference, although no explana-
tion was given as to why. The other five
trials did not pre-specify either the
equivalence or superiority margin.

Criterion 3: Was the Appropriate Null
Hypothesis Tested?

No study gave a clear description of
their research hypothesis to be tested.
None of the two equivalence trials stated
their null hypothesis (or their alternative
hypothesis) clearly.

Criterion 4: Was the Required Sample
Size Calculated?

None of the trials clearly indicated how
the sample size was determined,
although trials III and IV stated that
the power of their studies was 72%
and 70%, respectively. The general
accepted criterion for minimum study
power is 80% (Dawson & Trapp 2001).
It is unclear whether trials III and IV
were designed to have a lower power

than is standard practice, or whether
these were calculated retrospectively.

Criterion 5: Was the Active Control
Previously Shown to be Effective?

All seven trials tested the treatment
efficacy of EMD and GTR in infrabony
lesions, since GTR has previously been
shown to be effective in the treatment of
infrabony lesions (Needleman et al.
2002). All seven trials satisfied this
criterion.

Criterion 6: Were Both Regimens
Applied in an Optimal Fashion?

Surgical techniques and the post-treat-
ment regimen for infection control and
maintenance care varied from trial to
trial. In all seven studies, these were
considered to have been applied in a
satisfactory manner. Re-examination
was performed in most trials at least
one year post-operatively; in Study VI
re-examination was at six months and
one year post-operatively. All seven
trials satisfy this criterion.

Criterion 7: Was the Appropriate
Statistical Analysis Chosen and was its
Interpretation Correct?

In terms of choosing an appropriate
statistical method, all seven studies
used statistical analyses intended for
testing superiority. Negative results
(i.e. failure to show the difference)
were interpreted by the two equivalence
trials as evidence of comparable treat-
ment effects between EMD and GTR. In
Study V, statistically significant better
outcomes were achieved by GTR com-

pared with EMD, although the authors
concluded that the two treatments were
almost equally satisfactory. Notwith-
standing any confusion over the study
design being superiority or equivalence,
all the analyses of covariance and multi-
ple regression used by four trials (II, V,
VI, VII) suffered statistical methodolo-
gical problems, such as mathematical
coupling and/or collinearity, which ren-
der some of their conclusions question-
able (Tu et al. 2002, 2004a, b, c).

For instance, although no statistical
difference in treatment effects was
found, Study II suggested that, based
on the regression analyses, GTR seemed
to work better than EMD in patients
with X9 mm probing attachment level
and vice versa in patients with o9 mm
probing attachment level in terms of
percentage probing attachment level
gain. However, this conclusion is ques-
tionable because of mathematical cou-
pling between baseline probing attach-
ment level and percentage change of
probing attachment level. Nevertheless,
Study V recognized that the lack of
significance of the depth of baseline
infrabony component in the explanation
of the attachment gain is due to baseline
pocket depth and the depth of infrabony
component being highly correlated. A
detailed examination of the problem of
mathematical coupling in Study II can
be found in our previous study (Tu et al.
2004b).

Discussion

The aim of this study is to show how to
apply additional methodological criteria
to assess the quality of active-control

Table 3. Quality assessment of the studies using the additional methodological criteria for active-control trials

Study Described
as testing

equivalence or
superiority

Superiority/
equivalence

margin specified
quantitatively

before the study

Appropriate
null

hypothesis
tested

Required
sample

size
calculated

Active control
previously
shown to

be effective

Both regimens
applied in
an optimal

fashion

Statistical
analysis or its
interpretation
appropriate

I (Pontoriero et al. 1999) Equivalencen No Unclear No Yes Yes No
II (Silvestri et al. 2000) Unclear No Unclear No Yes Yes No
III (Sculean et al. 2001b) Superiorityw Yes Unclear Unclearz Yes Yes Yes
IV (Sculean et al. 2001a) Superiority Yes Unclear Unclearz Yes Yes Yes
V (Zucchelli et al. 2002) Equivalencen No Unclear No Yes Yes No
VI (Minabe et al. 2002) Unclear No Unclear No Yes Yes No
VII (Silvestri et al. 2003) Unclear No Unclear No Yes Yes No

nThese two studies had no clear statement of research aim, but they claimed in their conclusion that the two treatments were equally effective or

satisfactory.
wThis study claimed that it was designed to test the difference between the treatments.
zThese two studies stated that their study power was 72% and 70%, respectively, which were lower than the generally accepted 80%. It is unclear whether

or not their power was calculated prospectively or retrospectively.
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clinical trials, and improve the aware-
ness of the distinction between equiva-
lence and superiority trials among
periodontal researchers. It should be
emphasized that it is not our intention
to criticize specific studies or research-
ers. Our results show that the quality of
clinical trials that have compared EMD
with GTR should be improved, and it
will help clinicians in the selection of
treatment modalities when using such
information as the source for ‘‘evidence
based practice’’. Our study also indi-
cates that the quality of RCTs would be
potentially over estimated if only stan-
dard methodological criteria were used.

The dental literature is not short
of discussions around the distinction
between superiority and equivalence
trials (Duke & Garrett 1998, Gunsolley
et al. 1998, Burns & Elswick 2001).
Nevertheless, dental research is still
plagued by the misconception that if
no difference in the treatment effect is
found, then treatments are shown to be
equivalent. This study clearly shows
that some researchers remain unaware
that testing therapeutic equivalence
needs a completely different approach
from testing superiority, with regard to
both null hypothesis and sample size
calculation (Tu et al. 2005). Failing to
reject the null hypothesis in a superiority
trial does not mean that the null hypoth-
esis is true; it is plausible that a larger
study would always reach a smaller
p-value, thereby rejecting the null hypo-
thesis given that the difference in treat-
ment effect remains the same (Altman &
Bland 1995). The confusion around the
differences in objectives between super-
iority and equivalence trials might be
responsible for the design of these trials
and their inappropriate interpretation.

It has been suggested that although a
trial was designed to test superiority or
compare a new treatment with an active-
control and a placebo group, the equiva-
lence between two active treatments can
be tested post hoc by examining whether
the confidence intervals of the differ-
ences in the treatments include zero and
are less than the equivalence margin
accepted generally (Duke & Garrett
1998). For instance, although the two
equivalence trials (Studies I and V) and
the three trials (Studies II, VI and VII)
with unclear objectives adopted statisti-
cal methods for testing superiority, test-
ing the differences in pocket reduction
and attachment gain between EMD and
GTR, equivalence could still be claimed
if the confidence intervals of the differ-

ences included zero and these differ-
ences were also less than the
equivalence margin generally accepted
by most clinicians. Therefore, when a
fixed equivalence margin of d5 0.5 mm
is used, if confidence intervals of the
differences in the treatment effects
between EMD and GTR include zero,
and their upper limit is less than 0.5 mm
in favour of GTR, then EMD and GTR
could be considered equivalent. A
recent meta-analysis on EMD (Esposito
et al. 2003) provided confidence inter-
vals of differences in pocket reduction
and attachment level for six of the trials
in this study (except VI). If d5 0.5 mm
was accepted as an equivalence margin,
none of the six trials showed equiva-
lence between EMD and GTR. If
d5 1 mm, the treatment effects of
EMD and GTR in Study VII would be
considered comparable. As noticed in
Table 1, Study VII is the largest trial
among the seven, and therefore its con-
fidence intervals are the narrowest. This
indicates that, notwithstanding whether
the original intention of these clinical
trials is to test superiority or equiva-
lence, the available evidence has not yet
demonstrated that the two treatments are
comparable. To show that the treatment
effect of EMD is comparable with GTR,
we need a large (sufficiently powered),
well-designed equivalence trial with a
pre-defined, widely accepted equiva-
lence margin, and analysed using appro-
priate statistical analyses.

We strongly advocate that the evalua-
tion of statistical analyses, such as
criteria 4 and 7, be adopted in the
assessment of the quality of all RCTs.
The standard methodological criteria
mainly evaluate the quality of RCTs
regarding their conduct of randomiza-
tion, blinding and intention to treat. We
totally agree that these are very impor-
tant criteria in the evaluation of the
validity of results from RCTs, although
we also observe that these criteria alone
are insufficient to certify the quality of
RCTs. For instance, although Study V
seemed to be of better quality than the
other six studies using standard metho-
dological criteria (Table 2), it did not
report any power calculation and its
interpretation of the statistical analyses
was questionable, notwithstanding the
uncertainty over its design being a
superiority or equivalence trial. Another
example is that Study VII claimed that
GTR yielded better results than EMD in
deeper defects. However, Study VII did
not report explicitly its results of a

multivariable regression analysis, which
could provide partial regression coeffi-
cients and associated p-values; this
therefore casts doubt as to the reliability
of the conclusions reached by the
authors.

Use of set of methodological criteria
to assess critically the quality of pub-
lished trials has been made in both
medical (Concato et al. 1993, Moss
et al. 2003, Schumm et al. 1999) and
dental research (Montenegro et al.
2002). Some focused upon general
design and the reporting of clinical trials
(Schumm et al. 1999, Montenegro et al.
2002), while others focused upon the
adequacy of statistical analyses (Conca-
to et al. 1993, Moss et al. 2003). One
recent survey (Schumm et al. 1999)
suggested an improvement in reporting
clinical trials in general surgery, com-
pared with a previous survey in the
1980s. It is our sincere expectation that
our study will also bring about a similar
improvement in periodontal research.

This study demonstrates that the dif-
ferences in design and statistical testing
between superiority trials and equiva-
lence trials are still not fully appreciated
by dental researchers. Therefore, the
additional criteria proposed should be
used to design future clinical trials with
active-control groups, and to assess the
quality of evidence from clinical trials
when active controls are used.
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Clinical relevance

Scientific rationale for study: Clini-
cal trials using active-control groups
may be a superiority trial or an
equivalence trial. The failure to dis-
tinguish these two designs might
cause confusions in the interpretation

of results, and may yield question-
able conclusions.

Principal findings: On evaluating
seven clinical trials on the compar-
ison between GTR and EMD using
additional methodological criteria it
was found that most trials did not
clearly specify their study design and

failed to meet the majority of the
criteria.

Practical implication: The addi-
tional criteria proposed in this study
will improve the quality of clinical
trials if periodontal researchers use
them to design their studies.
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