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Aim: To test the hypothesis that there is insufficient evidence available, from clinical trials, to
allow evidence-based decisions to be made on the effectiveness of orthodontic treatment.

Objectives: To identify reports of orthodontic clinical trials and assess their demographic
characteristics. 

Design: A retrospective, observational study.

Setting: The American Journal of Orthodontics and Dentofacial Orthopedics, British Journal of
Orthodontics, and European Journal Orthodontics. 

Data source: Clinical trials published between 1989 and 1998.

Method: A hand-search was performed to identify all clinical trials. The journal and year of
publication, research method, interventions, and sample size of the trials reported were
recorded. 

Results: One-hundred-and-fifty-five trial reports were identified of which 56 (36.1%) were
published from 1989 to 1993 and 99 (69%) from 1994 to 1998. Ninety-nine (69%) reports were
published in the AJO-DO, 18 (11.6%) in the BJO and 38 (24.5%) in the EJO. Eighty-five (54.8%)
were reports of randomized controlled trials and 70 (45.2%) of controlled clinical trials. The
interventions most frequently assessed were bonding materials (21.9%), growth modification
treatments (21.3%), and oral hygiene procedures (9.0%). The median sample size was 32 (IQR
19.5, 50). 

Conclusion: There is sufficient evidence available from clinical trials to warrant doing system-
atic reviews of orthodontic clinical trials to aid decision-making.
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Introduction

The randomized controlled trial (RCT) was originally
developed for use in agricultural research and was modi-
fied by Hill in 1937, for use in humans.1,2 The first report
of the RCT being used in clinical medicine was in a study
that assessed the effectiveness of streptomycin in the
treatment of pulmonary tuberculosis.3 Since then the
RCT has become the standard method to assess new
drugs before they are licensed for general use. The RCT
has also been used widely by many medical and some
dental disciplines to assess differences in treatment effect
between alternative procedures. However, orthodontics

has lagged behind and it is only in the last few years that
the results of some large RCTs, assessing competing
orthodontic interventions and treatment strategies, have
been published in the orthodontic literature.4–9

The aim of our study was to test the hypothesis that
there is insufficient evidence available from clinical trials
on the effectiveness of orthodontic treatment to allow
evidence-based decisions to be made.

Our objectives were to: 

● identify reports of orthodontics clinical trials in 
three leading orthodontic journals over a 10-year
period;
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● assess the demographic characteristics, including the
journal and year of publication, research method,
the interventions assessed and sample size.

Materials and methods

Identification of clinical trials

The principal investigator successfully completed the
Cochrane Collaboration Oral Health Group hand-
searching test search for the identification of randomized
clinical trials (RCTs) and controlled clinical trials
(CCTs).10 I hand-searched the American Journal of
Orthodontics and Dentofacial Orthopedics (AJO-DO),
British Journal of Orthodontics (BJO), and European
Journal Orthodontics (EJO) to identify all papers that
reported randomized or controlled clinical trials pub-
lished between 1989 and 1998 inclusive.11

Assessments

The following information on each publication was
recorded:

● the journal and year of publication;
● the research method and control group used classified

according to Cochrane Collaboration criteria;10

● the subject of each trial classified according to pre-
viously developed criteria12 (Appendix 1);

● the interventions which were grouped into topics;
● the total sample size, and a note was made as to

whether the sample size had been justified and/or a
power calculation had been performed. 

We then assessed the intra-examiner reliability by reclas-
sifying a random 10 per cent sample of the trials identi-
fied in each journal. 

Statistical analysis

Descriptive statistics were used to assess the distribution
of trials published in each journal. Any differences in
categorical data were evaluated with the chi-squared 
(�2) test. Odds ratios (OR) and 95 per cent confidence
intervals (95% CI) were used to assess differences in
dichotomous variables. Intra-examiner reliability for
the classification systems used was evaluated with the
Kappa statistic13 and percentage agreement.

Results

Reliability

The percentage agreement of the classification system
ranged from 94 to 100 per cent with Kappa scores of
0.88–1.0. This suggests that the intra-examiner reliabil-
ity was very good. 

Journal and year of publication 

A total of 155 papers reporting clinical trials were
published in AJO-DO, BJO, and EJO between 1989 and
1998 (Table 1). Over two-thirds of the papers were pub-
lished in AJO-DO, about a tenth in BJO and a quarter in
EJO. This represents 7.0, 4.1, and 6.7 per cent of all
papers published in AJO-DO, BJO, and EJO, respect-
ively. These differences were not statistically significant

Table 1 Journal and year of publication of clinical trials

Year Journal

AJO-DO BJO EJO Total 5 year totals

Number % Number % Number % Number % Number %

1989 17 17.2 0 0 1 2.6 18 11.6
1990 5 5.1 0 0 3 7.9 8 5.2
1991 9 9.1 2 11.1 4 10.5 15 9.7
1992 8 8.1 1 5.6 0 0.0 9 5.8
1993 4 4.0 2 11.1 0 0.0 6 9.0 56 36.1
1994 9 9.1 1 5.6 6 15.8 16 10.3
1995 10 10.1 3 16.7 2 5.3 15 9.7
1996 14 14.1 2 11.1 5 12 21 15.0
1997 12 12.1 4 22.2 8 21.1 24 15.5
1998 11 11.1 3 16.7 9 27 23 14.8 99 69.0
Total 99 100.0 18 100.0 38 100.0 155 100.0 155 100.0
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(�2 � 4.7, df � 2, P � 0.05). It was evident that, over the
two 5-year periods, the number of reports of clinical
trials had nearly doubled (Table 1).

Research method and controls used 

We found that 85 (54.8%) of the clinical trials were
RCTs and 70 (45.2%) were CCTs. The CCTs used either
quasi-random allocation, e.g. alternate patients/teeth,
allocation by case note number (35/70, 50%), or hap-
hazard allocation, e.g. patients were divided into two
groups in a non-specified way (35/70, 50%).

Subject of clinical trials and interventions assessed

We found that most (148/155, 95.5%) of trials assessed
either clinical materials or therapeutic interventions,
and a smaller number (7/155, 4.5%) were concerned with
diagnostic or educational subjects. Although there were
more reports of clinical trials assessing therapeutic inter-
ventions (86/155, 55.5%) than clinical materials (62/155,
40.0%) there were seven times as many papers concerned
with therapeutic interventions (576) than with clinical
materials (82). The reports of clinical trials on thera-
peutic interventions therefore represented a significantly
smaller proportion of the total number of clinical studies
than those on clinical materials (OR 8.2; CI 4.8, 13.9). A
more detailed examination of the interventions revealed
that trials related to bonding materials or regimes
(34/155, 21.9%), treatments to bring about growth
modification (33/155, 21.3%), and oral hygiene pro-
cedures (14/155, 9.0%) were the most frequently reported.
The remaining reports were concerned with different
treatment mechanics, glove wearing, analgesics, etc. 

Sample size

The median sample size was 32 (IQR 19.5, 50; see Figure
1). Importantly, of the 155 clinical trials only nine (5.8%)
reports justified the sample size and/or contained a
power calculation.

Discussion

The publication rate of clinical trials in AJODO, BJO,
and EJO has seen a dramatic increase with the number
of reports of clinical trials (RCTs and CCTs) published
nearly doubling between 1989–93 and 1994–98. Bonding
materials and procedures, treatments to bring about
growth modification and oral hygiene regimes were the
most commonly assessed interventions. 

Comparison with other specialities

Similar studies, that have assessed papers published in
other journals have been carried out14–21 and revealed
that the percentage of RCTs published was generally very
low. However, when journals of other dental specialities,
for example, cariology and periodontology were exam-
ined, up to a quarter of papers in their specialist journals
were reports of RCTs. This is because many of the trials
compared mouthwashes, toothpastes, or toothbrushes,
and these may be more amenable to assessment in the
context of a clinical trial.

Journal and year of publication

It was interesting to find that there has been a steady
increase in the number of clinical trials published in

Fig. 1 Frequency of the total sample size of clinical trials published in AJO-DO, BJO, and EJO 1989–1998.
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these journals. This may have happened because of
increased awareness by clinicians and researchers
together with recent publication of the results from some
large RCTs.4–9 However, one problem with orthodontic
research is the time lag between the start of an ortho-
dontic RCT and publication of the results. This is illus-
trated by the fact that it is only since 1997 that the results
of some of these trials have been published. There are
several reasons for this delay, including the recruitment
of patients, length of treatment and follow-up, and the
publication process. 

Research method and controls used

The need for objective assessment of clinical treatments
using more powerful prospective research methods was
brought to the attention of the orthodontic profession
over a decade ago.18 Although RCTs do provide the 
least biased assessment of differences in treatment effect
between two or more treatments,22 they are expensive
and time consuming. For these reasons, other research
methods have been suggested as alternatives for assess-
ing the relative merits of competing orthodontic treat-
ment strategies.23,24 Such methods can provide valuable
data; however, they should not be considered as easier
routes to quicker answers and only used when there are
compelling reasons that preclude the implementation of
an RCT.25

Subject of clinical trials and interventions assessed

Subject. One particularly interesting finding was that
proportionally more clinical trials evaluated materials
than treatment procedures. This may be due to materials
being considered similar to drugs, for which there is
legislation requiring them to be assessed in a clinical trial
before they enter widespread clinical use, whereas treat-
ment procedures are more akin to operations and can be
introduced without formal testing. This deficiency of
clinical trials of treatment procedures has also been iden-
tified in studies looking at the methods used in clinical
studies to assess new and established operations.26

If we explore these differences further, we can suggest
that drug trials find the drug that ‘does the greatest good
for the greatest number of patients’ because their effect is
largely independent of the clinician prescribing them. If
this is extended to orthodontic clinical trials we can see
them as having a third dimension by trying to establish

which treatment ‘does the greatest good, for the greatest
number of patients by the greatest number of operators’.
This is because the outcome of orthodontic treatment 
is related to the clinician providing the treatment. If this
concept is then applied pragmatically to the provision 
of orthodontics, we should not be looking for the tech-
nique that produces the best outcome for patients treated
under ideal circumstances by a single operator in a
dental hospital or university clinic. Instead, trials should
ideally determine which technique produces, on average,
the best outcome for the most patients when used by the
main providers of orthodontic treatment. In the UK,
these are orthodontists and dentists working in the
General Dental Service27 and District General Hospitals
(DGHs) within the National Health Service. However,
from a worldwide perspective, most orthodontic treat-
ment is probably carried out by orthodontists and
dentists working in private practice. An ongoing clinical
trial, on growth modification, has attempted to manage
this problem by involving orthodontists working in
several DGHs, rather than just in dental hospitals
(O’Brien, British Orthodontic Conference 1998, 2000).

Interventions. The most frequently assessed interventions
were those concerned with bonding procedures, growth
modification and oral hygiene procedures. There are
several reasons why these interventions may have been
assessed more frequently in clinical trials than other
orthodontic interventions.

Bonding trials. The trials assessing bonding procedures
included those that assessed different adhesives,28

methods of curing,29 and tooth preparation proce-
dures.30 Bonding materials and procedures are probably
more amenable to testing in a clinical trial and can take
advantage of the split mouth technique, thereby using
internal controls. From the patients’ point of view, such
trials may be more acceptable to enter because they are
usually direct comparisons of a standard treatment
(adhesive) and a new one so participants do not run 
the risk being allocated to a no treatment control. It is 
also possible that the manufacturers of the materials
being assessed may be more willing to provide financial
support for trials assessing bonding materials.

Growth modification. Another key area of clinical trial
research has been growth modification. The trials have
either been direct comparisons of different appliances31

or interventions,8 or a comparison of interventions with
a no (or delayed) treatment control.6



Oral hygiene procedures. Trials investigating the effective-
ness of oral hygiene procedures have included those that
have assessed mouthwashes,32 toothbrushes,33 and pro-
grammes to provide oral hygiene instruction.34 Mouth-
washes and toothbrushes can also be viewed as being
similar in nature to drugs and therefore considered more
amenable to assessment in a clinical trial. These inter-
ventions are also suitable for assessment in crossover
trials where all patients receive or use all interventions in
a random or quasi-random order. 

Sample size

The number of patients participating in a trial should
not be determined by administrative convenience alone.
If trials have too few participants they will lack power.
Such trials may be considered as unethical because
patients have been recruited when there was very little
chance of the results being valuable.35 However, trials
involving too many participants may also be considered
unethical because they subject more patients than neces-
sary to the possibly inferior treatment and require extra
resources.36

Unfortunately, we found that many trials were inade-
quately powered to detect all but the largest differences
in treatment effect. This is not uncommon and attention
has been drawn to this in medical research.35,37–39

Arguably, for most orthodontic trials, subtle differences
in treatment effect will be expected and therefore a larger
sample size will be required to detect these differences.
This could mean that most orthodontic RCTs would
have to be multi-centred in order to be able to recruit
sufficient patients within a suitable time. This has obvious
funding implications for any RCT and highlights the
need for a great deal of planning and co-operation to run
an orthodontic clinical trial successfully. Nevertheless,
one such trial has addressed these problems and is
underway in the UK (O’Brien, British Orthodontic
Conference 1998, 2000).

Conclusions

We concluded the following:

1. More reports of clinical trials were found than
expected. As a result our hypothesis that there is
insufficient evidence available from clinical trials can
be rejected. 

2. With significant numbers of trial reports already
published, it is worthwhile undertaking systematic of
orthodontic trials. 

3. The systematic reviews will in turn aid decision-
making and may raise questions that will lead to the
next generation of orthodontic clinical trials.
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Appendix 1: classification system for
the subject of clinical trials published
in the AJO-DO, BJO, and EJO

Diagnostic Evaluation of diagnostic information.
Education Related to orthodontic training.
Materials Properties of orthodontic materials

including instruments.
Treatment Evaluation of therapeutic interven-

tions including drugs and procedures.


