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Introduction

In a previous article in this series, Bickley and Harrison
discuss the issue of searching for evidence.1 Within den-
tistry alone, there are around 500 journals publishing
over 43,000 research articles a year. Given that a large
proportion of these papers are of limited relevance to
everyday practice and may be of poor quality, how do
you know which of these articles you should read to
inform your practice and which you can disregard? In
this article we aim to provide information on how you
can appraise the research to identify articles that are
both of a high quality and relevant to our clinical
practice. 

Most published papers appearing in the medical and
dental journals follow the IMRAD format (Intro-
duction, Methods, Results and Discussion).2 Published
papers will often begin with an abstract that summarizes
the key elements from each section. It is very tempting,
when reading a paper of interest, to focus on the abstract
and the results or the conclusions of the study. However,
to decide whether a paper is truly worth reading, atten-
tion should be given primarily to the methods section to
establish whether the study design was appropriate and
valid. Consideration should then be given to what the
paper says (the results of the study) and whether it helps
your clinical practice (the relevance, or applicability, of
the paper).3

Is the study design appropriate?

The initial step in assessing a research paper is to deter-
mine what study design has been used and whether or
not it was appropriate for the question being asked. 

Primary studies are often graded into a hierarchy of
evidence according to their design. Studies least suscep-
tible to bias are placed at the top of the hierarchy. For
example, experimental studies or clinical trials (those

studies in which certain conditions, in particular assign-
ment of study participants (or teeth) to intervention
groups, are under the control of the investigator) are
placed above observational studies. Observational
studies are those in which natural variations in exposure
or interventions among study participants are invest-
igated to explore the effect of the intervention or
exposure on health outcomes.4 The strength of evidence
decreases from the controlled observational studies to
those without controls, as the susceptibility to bias
increases (Table 1).

Such hierarchies provide a useful ‘rule of thumb’
against which to grade studies. However, it must be
noted that different clinical research questions require
evaluation through different study designs. Random-
ized controlled trials (RCTs) may well be the ‘gold
standard’ upon which to base decisions on the effective-
ness of interventions, but they are not necessarily appro-
priate or ethical to answer other questions. 

The key features of different study designs have been
described previously.5 Table 2 illustrates the types of
questions that can be addressed by the various study
designs. When assessing the research literature it is
important to identify whether or not the highest, appro-
priate level of evidence has been used to answer the
research question. 
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Table 1 An example of a hierarchy of evidence (adapted from the NHS
Centre for Reviews and Dissemination4)

STRONG Experimental studies/clinical trials
Randomized controlled trials
Non-randomized controlled clinical trials

Observational studies
Cohorts
Case-controls
Cross-sectional surveys
Case series
Case reports

WEAK Expert opinion, consensus



The orthodontic literature is predominately made up
of observational studies. A recent, systematic hand
search and classification of 5 years of orthodontic
literature (1994–1998) has shown that experimental
studies account for around 15 per cent of the research
published in three leading journals (British Journal of
Orthodontics, American Journal of Orthodontics and
Dentofacial Orthopedics, and the European Journal of
Orthodontics).6 The remainder of the articles were obser-
vational studies, literature reviews, author’s opinion, or
articles detailing current availability of products,
materials, methods, or services. A similar study, exam-
ining articles on the methods of distalizing maxillary
molars, classified 22 per cent of identified articles as
experimental and 70 per cent as observational studies,
although difficulties in classifying research articles from
the methods presented were noted.7 Although it is dis-
appointing that so few studies are experimental in
design, this may well be a reflection of the questions
being asked within orthodontic research.

How well was the study conducted?

If it can be established that the research question has
been addressed using an appropriate research design, we
still need to consider the fact that within any particular
design there is huge variability between studies with
regard to how well they are executed. This may mean
that in certain cases, for example, a poor RCT may be no
more reliable than a well-conducted cohort study. 

An important issue to consider at this stage is the
study’s validity, in particular internal validity. 

Internal validity refers to the degree to which the
results of a study are likely to approximate to the ‘truth’
for the circumstances being studied.8 Has the study been
conducted in such a way that systematic error (bias) has
been minimized? External validity refers to the degree to
which the effects observed in the study are applicable 
to the outside world; how generalisable are the results 
to other circumstances?4 Obviously, if internal validity
does not exist, there is little point in considering a study’s
external validity.
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Table 2 Study designs and the types of questions they address

Definition of study design Used for

Experimental studies
Randomized controlled trial – a group of participants (or other unit of Evaluating the effectiveness of an intervention
analysis, e.g. teeth) is randomized into different treatment groups. What is the most effective adhesive for fixing brace attachments to teeth?
These groups are followed up for the outcomes of interest Is a fixed appliance more effective than a functional appliance for 

correcting a Class II malocclusion

Split-mouth design—each patient is his/her own control. A pair of 
similar teeth, or groups of teeth (quadrants) may be selected and 
randomly allocated to different treatment groups

Non-randomized controlled clinical trial—allocation of participants 
under the control of the investigator, but the method falls short of 
genuine randomization.

Observational studies
Cohort—a longitudinal study, identifying groups of participants Measuring the incidence of a disease; looking at the causes of disease; 
according to their exposure/intervention status. Groups are followed determining prognosis 
forward in time to measure the development of different outcomes Do teenagers with crossbites go on to develop temporomandibular joint 

disorders?

Case-control—involves identifying two groups; those who have the  Looking at the causes of disease; identification of risk factors; suitable 
(outcome of interestcases) and those who have not (controls). The  for examining rare diseases
investigator then looks back in time to see who had the What are the risk factors associated with root resorption in patients who 
exposure/intervention of interest have undergone orthodontic treatment?

Cross-sectional survey—the observation of a defined population at a  Measuring the prevalence of a disease; examining the association 
single point in time or time interval. The status of an individual with What is the prevalence of children born with a cleft-lip/palate in 
respect to the presence or absence of both exposure/intervention and North-West England?
outcome are determined at the same time Is drinking carbonated drinks during orthodontic treatment associated 

with an increased risk of decalcification? 
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There are four main biases that can affect the internal
validity.9

Selection bias

The term selection bias is used in different ways within
the medical literature. It is often used in relation to bias
occurring during the selection of representative subjects
or to bias occurring during the selection of subjects to
exposures.10 The former of these is more to do with the
study participants’ characteristics and is linked to exter-
nal validity. If bias occurs during the selection of sub-
jects to exposures, however, systematic differences
between comparison groups in prognosis or responsive-
ness to treatment may arise. If the groups under com-
parison are not similar at baseline, the differential effects
of any intervention may be distorted due to confounding
factors. Observational studies are particularly vulner-
able to such selection bias. For example, in case-control
studies it is imperative that the cases are as similar as
possible to the controls, except for the presence or
absence of the disease/outcome under study. Although it
is feasible to ensure the groups are comparable with
regard to known confounding factors, this is not the case
for unknown confounding factors. Confounding factors
also cause problems with cross-sectional surveys and
cohort studies. 

The process of random allocation to treatment groups,
within experimental study designs, aims to produce
groups that are comparable in terms of both known and
unknown confounding factors, thus minimizing selec-
tion bias. Ideally, the generation of the random allo-
cation sequence should be unpredictable (computer-
generated random numbers, coin tossing, drawing lots,
throwing dice, etc.). Allocation based on case record
number, date of birth, date of admission or alternation
are all open to manipulation, and therefore introduce 
a greater risk of selection bias into the study. True
randomization not only requires the allocation sequence
to be unpredictable, but also that the sequence is con-
cealed from the investigators involved in the enrolling of
patients in order to avoid the selective enrolment of
patients based on prognostic factors.

A related form of bias is recall bias, relating to differ-
ences in the way exposure information is remembered or
reported by participants who have experienced an
adverse health outcome and by those who have not. For
example, orthodontic appliance wearers who experience
enamel demineralization may either over or under
report the use of topical fluorides, frequency of tooth

brushing or consumption of carbonated drinks, in com-
parison with those who do not experience demineraliza-
tion. Study designs that select subjects at outcome, such
as cross-sectional survey and case-control studies, are
particularly susceptible to recall bias.

Performance bias

Performance bias refers to systematic differences in care
provided to participants in a study, apart from the inter-
vention being evaluated.4 The knowledge of assignment
to different treatment groups may affect a study partici-
pant’s reporting of symptoms. In addition, an investi-
gator may treat participants receiving one intervention
differently from those receiving the comparison inter-
vention. For example, in an RCT comparing the effec-
tiveness of manual versus powered toothbrushes on oral
hygiene in orthodontic patients, the study investigator
may be tempted to provide brushing instructions to one
group and not the other, depending on which interven-
tion they favour (either consciously or subconsciously).
Blinding of study participants and investigators to treat-
ment allocation helps minimize performance bias. When
a study is described as single blind only the participants
are blind to their group allocation. When both partici-
pants and investigators are blind to group allocation 
the study is described as double blind. Blinding can be
achieved through the use of placebo interventions,
ensuring both groups receive interventions that appear
identical in terms of taste, smell, mode of delivery, etc.
However, as in the toothbrush example above, blinding
to treatment group is not always feasible.

Measurement/detection bias

Even when blinding to treatment groups cannot be
achieved, blinding to outcome assessment is usually
possible. In orthodontics this can be achieved by blind
assessment of study models, radiographs and/or photo-
graphs. This can help minimize systematic differences
that may occur in how outcomes are ascertained from
the groups under comparison (measurement or detec-
tion bias). Blind outcome assessment is of particular
importance when the outcome being assessed is sub-
jective in nature (e.g. dental or facial aesthetics; decal-
cification; degree of paraesthesia). Empirical evidence
has shown that trials with open assessment of the out-
come can over estimate the treatment effects by 35 per
cent.11
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Attrition bias

Attrition bias occurs when there are systematic differ-
ences between comparison groups in withdrawals or
exclusions of participants from the results of a study.9 For
example, patients may drop out of a study because of side
effects of the intervention or difficulty in wearing a partic-
ular appliance. Excluding these patients from the analysis
could result in an over-estimate of the effectiveness of the
intervention. Conversely, participants might drop out of
a study due to an improvement in the symptoms or mal-
occlusion, e.g. overjet or crowding, resulting in an under-
estimate of treatment effect if they are not included in the
analysis. In order to minimize attrition bias, all study
participants should be accounted for in the analysis and
the analysis undertaken on an intention-to-treat basis
(participants analysed according to the group to which
they were initially allocated, regardless of whether they
dropped-out, fully complied with the treatment or ended
up crossing over to the other treatment group).

What are the results?

Assuming the methods of the study are such that system-
atic biases have been avoided, the results of the study
then need to be considered. Care should be taken to
ensure that the results fulfil the aims of the study.12 Gaps
in the results may be due to several reasons: 

• lack of space to present all the results in the published
article; 

• an oversight on the author’s part; 
• data not collected;
• the finding was not acceptable to the author or those

involved in the publication process.

This can lead to a form of publication bias where only the
significant changes or results are published. Studies with 
multiple outcomes, e.g. cephalometric studies, are par-
ticularly prone to this kind of bias. Ideally, the results of
the study should be presented in a clear, logical way, so
that the reader can draw their own conclusions from
them, rather than having to rely on the author’s interpre-
tation. The tables and figures presented in the paper
should stand alone, and the numbers tally with those
discussed in the text.

Consideration needs to be given to the sample size of
the study. When assessing clinical trials, larger studies
are deemed ‘better’ as they have greater statistical power
and can produce a more precise estimate of effect. The
presentation of an a priori calculation of sample size

gives some indication that the authors have considered
the statistical power of the study. Smaller studies are
often under-powered and may therefore be unable to
detect a statistically significant difference between com-
parison groups, even if one exists. However, with regard
to observational studies, bigger is not always better.
Larger studies may be less able to pay as much attention
to characterizing the exposure or outcome of interest,
and the confounding factors, than smaller studies.13

For prospective studies (cohorts, clinical trials) the
duration of follow-up needs to be long enough for the
effect of the intervention to be demonstrated by the out-
come of interest. For example, there is little point in
conducting a clinical trial examining the effectiveness of
orthodontic appliances for correcting posterior cross-
bites if the duration of the study is too short to allow
expansion of the upper jaw/teeth to occur and/or the
permanent dentition to be established. In orthodontics,
where relapse (post-treatment changes) can be a prob-
lem, sufficient follow-up of patients after active treat-
ment and/or out of retention should also be included in
the trial design. It is also necessary to ensure that as
many people as possible are followed up for the full
period of the study. This is of particular concern for
cohort studies.

Attention should be given to the outcomes measured:
are all the important outcomes considered? How were
the outcomes assessed? Outcome assessment measures
should be described and the issue of validity (the ability
of the method of assessment to truly measure what it is
supposed to) and reliability (the ability of the measure to
achieve similar results when applied on more than one
occasion) addressed.12

Appropriate statistical techniques should be used
within the study and, ideally, be presented in the methods
section of the paper. Although difficult to identify from
a published article, the use of numerous statistical tests
may be misleading. The more tests that are undertaken,
the more likely a result of spurious significance will be
identified.12 The statistical significance of the main find-
ings should be assessed. These are commonly presented
as either P-values or confidence intervals. Typically a 
P-value of less than 0.05 is used to show that the result 
is unlikely to have occurred by chance. The smaller the
P-value, the greater the confidence that the result was
real. Confidence intervals, along with providing a test of
statistical significance, provide a range within which the
true value could lie. An important point to remember is
that not all statistically significant differences in out-
comes are necessarily clinically significant.



The statistical analysis of orthodontic studies is often
poorly carried out. A recent systematic review looking 
at orthodontic adhesives excluded a large number of
studies for various reasons, the most common reason
being inappropriate or unclear statistical analysis.14

There are two common problems with the statistical
analysis of orthodontic studies, one is the inappropriate
analysis of studies with a split-mouth design and the
other is the analysis of teeth/sites as though they were
independent of the patient. It is important that the data
are analysed taking the clustering or pairing within the
patient into account.

Are the results relevant to your clinical
practice?

Not all valid research articles will be relevant to your
clinical practice. Even if a study focuses on a particular
intervention or outcome of interest, consideration needs
to be given to the external validity of the piece of research.
That is, how generalizable are the findings to other
populations outside of the study? Are the participants
included in the research article similar enough to the
patients you deal with or are they so different that the
results don’t apply? Although a hugely subjective pro-
cess, the inclusion/exclusion criteria for the study and
details of the characteristics of the study participants can
help to establish whether the results are likely to be
relevant to your patient population or not.

The feasibility of implementing any research findings
into practice also needs to be considered. The results of a
study may be favourable and relevant to your patient
population, but issues such as the cost of the interven-
tion, training in new techniques, and additional monitor-
ing of patient outcomes may render a change in practice
unrealistic.

Discussion

The ever-increasing volume of research literature leaves
clinicians exposed to information overload. Although
the increasing accessibility of such literature is com-
mendable, unless the available information is relevant to
the clinician, and of good quality, it can, at the very least,
be misleading. The use of systematic reviews and the
introduction of ‘secondary’ journals over the last
decade15 has helped, to some extent, to alleviate this
problem by identifying and appraising the validity of
clinically useful articles for the clinician. Sources of such
secondary information available to dentists include:

• The Cochrane Database of Systematic Reviews
(CDSR) (for details of free access see www.cochrane.
org).

• The Cochrane Oral Health Group’s homepage
(www.cochrane-oral.man.ac.uk) also provides free
access to the abstracts of reviews completed by
members of the group, and lists details of all protocols
and titles currently registered with the group.

• The Database of Abstracts of Reviews of Effective-
ness (DARE)—a database of quality assessed system-
atic reviews.*

• The NHS Economic Evaluation Database (NHS
EED)—a database of quality assessed economic
evaluations (including cost-benefit, cost-utility and
cost-effectiveness analysis).*

• The Health Technology Assessment (HTA) Data-
base—a database containing records of ongoing pro-
jects being conducted by members of the Inter-
national Network of Agencies for Health Technology
Assessment (INAHTA), as well as publications
reporting completed technology assessments carried
out by INAHTA members and other technology
assessment organizations.*

• Clinical evidence (www.evidence.org) and in printed
version—a compendium of evidence on the effects of
clinical interventions, updated every six months.

• Bandolier (www.jr2.ox.ac.uk/Bandolier)—a health-
care journal, using evidence-based healthcare tech-
niques to provide advice about particular treatments
or diseases. Available in print and via the Internet.

• Evidence-Based Dentistry (www.nature.com/bdj)—a
resource covering issues related to the evidence-based
approach in dentistry today.

(*Available through http://agatha.york.ac.uk/welcome.
htm and also on the Cochrane Library.)

Whilst all of these sources assimilate and appraise
research relevant to dentistry, at present they provide
relatively little information on questions relating to
orthodontics. As the number of topics covered by such
sources of information increases, so their usefulness to
the busy clinician will also increase. However, in order
for orthodontists to be sure that their clinical practice is
based upon the best available research evidence, they
cannot solely rely on secondary sources of information.
An understanding of the different types of study designs
and associated limitations can help in the identification
of articles that are of a high quality and relevant to
clinical practice.
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