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ABSTRACT

Levels of evidence allow clinicians to appreciate the quality of a particular research paper quickly. The
levels are generally set out in a hierarchical order, which is based largely upon the experimental design.
While there are ideal designs for studies examining the effects of interventions, risk factors for a clinical
condition or diagnostic testing, in most instances researchers have had to make compromises and these
subsequently decrease the quality of their work. This paper provides information concerning how those
compromises relate to subsequent levels that are given to a piece of research. It also provides an under-
standing of issues related to evaluating papers, and suggest ways in which the reader might discern how
relevant a paper might be to one’s clinical practice.
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INTRODUCTION

During the 1990s, the term evidence based medicine
(EBM) became notably more apparent in research
and clinical literature. As the name suggests, it
referred to examining the research evidence for
making clinical decisions, and as such it was more
firmly grounded in the assessment of the science
supporting clinical decision-making, rather than a
reliance on the experiences and subjective percep-
tions of so called authorities or experts.! For EBM to
have credibility, there needed to be a systematic
manner in which clinical research was assessed, and
this demanded the development of levels of evi-
dence to ultimately appreciate and assess the qual-
ity of research available in answering a particular
clinical question. Initially, efforts on assessment of
quality were focused upon intervention studies,
examining the degree of effectiveness of treatments
for clinical disorders, however, in recent years such
efforts have expanded to include other key clinical
research areas such as diagnosis and risk factors.
The purpose of this paper is to describe the key ele-
ments that determine the levels of evidence that
subsequently allow the most appropriate or effica-
cious clinical decision to be made for the patient.

STUDY DESIGN HIERARCHIES PROVIDE

AN INITTAL STARTING POINT

Physical Therapists are often interested in studies that
involve treatment interventions, identifying risk fac-
tors for succumbing to an injury or disease, and diag-
nosis of clinical conditions. In each of these areas,
there are a number of different study designs that can
be implemented. These designs may dictate the poten-
tial importance of the studies findings in its field. The
design that a researcher chooses should be that which
most appropriately answers the question being posed.?
However in many cases, it reflects the resources that
researchers have at their disposal and the practicali-
ties of undertaking the research. Resources required
for studies may involve physical space and equip-
ment, expertise in data collection, administrative pro-
cessing of data, statisticians for analyzing data, and
patient availability. In most cases, a researcher does
not have the opportunity to cover all of these resources
to the maximum level possible. Because of this, com-
promises are made and these often affect the choice of
design to be utilised during the research process.

In studies concerning interventions, risk factors and
diagnosis, the strength of an experimental paper’s
design is rated upon a scale that has 4-5 levels and
may be regarded as a hierarchy with level 1 being
the highest. In the current paper, the hierarchies
presented are based on those recommended by the
National Health and Medical Research Council of
Australia.®* However, there are others* and they gen-
erally follow the same pattern, being different only
in the alphanumeric nomenclature given to the lev-
els of the hierarchy (eg: 1a or Ila etc). While one
design may be high in the hierarchy for a particular
question to be answered, it may not fare so well for
a different question. For instance, while a prospec-
tive cohort study may be very effective at identify-
ing risk factors, such a design does not provide
professionals with the best evidence of a treatment’s
effect on a particular clinical condition. For the lat-
ter, a randomised controlled trial (RCT) would be
more appropriate. Thus, it is important to recognise
that different study designs have particular features
that may make them advantageous for answering a
certain type of research question.

If possible, always look for systematic reviews when
searching the literature. A Level 1 rating is reserved
for a systematic review of the experimental papers. In
such a paper, the quality of the designs and the find-
ings of all the individual experimental papers are
assessed in a systematic manner to provide an overall
assessment or answer for a particular study question.
However, it should be noted that not all systematic
reviews automatically reach Level 1. If the papers
that were reviewed were primarily of studies with
poor designs, then the strength of evidence for the
providing the answer to the question posed is lower,
and the systematic review no matter how well it was
conducted will not receive Level 1 status.® Thus, the
experimental papers upon which the review is based
should determine the validity and strength of the
review’s findings.

Even when a systematic review has utilised papers
with the strongest possible designs, the professional
needs to appreciate a number of other factors that will
influence its importance. These include the number of
papers that have been reported upon, and the consis-
tency of the results across papers. One should also
appreciate the degree to which the findings apply to
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the clinical population of interest and what the impli-
cations are in respect to applying them in clinical prac-
tice, that is, could they be reasonably implemented.
On the above-mentioned scale, the highest quality
experimental designs are rated with a Level 2 and lesser-
rated designs receive Levels that decline to 4-5.

Interventions

For studies examining treatment interventions, ran-
domised controlled trials (RCTS) provide Level II
evidence, the strongest level of evidence below a sys-
tematic review. Not surprisingly, the two key criteria
for these study designs are the incorporation of at least
one control group and the randomisation of partici-
pants.® Without a control group, it is impossible to
determine how participants would have changed over
time without the experimental intervention. For
instance, changes may have occurred due to disease
progression or spontaneous recovery. The specific
conclusions that can be drawn regarding the experi-
mental intervention are critically dependent on what
the control group receives. For example, researchers
could compare the effects of icing on acute knee pain
to a control group who received no specific interven-
tion, or they could give the control group a bag of peas
that are at room temperature to place over their knee
for the same period of time. In the first example, the
only conclusion that could be drawn is that icing is
more effective at reducing pain than no treatment,
whereas in the latter example, by controlling for effects
associated with receiving a physical intervention to the
knee and for the time of application, a researcher could
therefore make more specific conclusions regarding
the effects of ice itself. In terms of randomisation, the
crucial criterion for a RCT is that neither the partici-
pant nor the experimenter should be able to predict
which group the participant will be allocated to. Com-
monly accepted randomisation procedures include a
coin toss, random number generator, drawing group
allocation from an envelope. While researchers may
design more complex procedures to ensure that group
characteristics are matched on important factors and
that participant numbers are balanced between groups,
the final determination of group allocation for each
participant should be due to chance alone.

One step down from an RCT is a pseudo-RCT, which
provides Level ITI-1 evidence. In these study designs,
there is still an appropriate control group but group

allocation is not strictly randomised. Group alloca-
tion in pseudo-RCTs is dictated by a set rule such as
date of' birth or participant number. These are weaker
randomisation procedures as the experimenter can
have knowledge of the group to which a participant
will be assigned. The ability to predict group alloca-
tion introduces bias into the study as this knowledge
can affect the decision about whether to enter the
participant into the trial, which may bias the results
of the trial overall.

The next level of evidence, Level I11-2, incorporates
non-randomised controlled trials and two types of
observational studies. Non-randomised controlled
trials have marked group selection bias. For example,
participants may allocate themselves into groups by
choosing to receive a treatment, or participants pre-
senting to a particular treatment provider might be
always allocated to the experimental intervention
and those that present to another treatment provider
might receive a control intervention only. Observa-
tional designs include cohorts in which a group of
people who are exposed to a particular intervention
are followed over time and their health outcomes
compared to a similar group of people who were not
exposed to the intervention. Another example of an
observational study is the case-control design, in
which people with a selected condition are identified
and their history of exposure to an intervention is
compared to a similar group of people who do not
have the condition. In all of these study designs, the
researchers are not in control of group randomisa-
tion and thus the potential for selection bias is sub-
stantially higher than in RCTs. This selection bias
means that there will be an inherent risk that con-
founding factors, or factors other than the interven-
tion of interest, are influencing the results of the
study. However, it is important to recognise that
there are some research questions and interventions
to which researchers cannot apply the principles of
randomisation and have subjects assigned to differ-
ent groups., e.g. abortion or obesity, or whether para-
chutes are an effective life saver. In such situations,
the observational designs are the best or only alter-
native, and hence they can be extremely valuable.”

The final group of studies providing Level III evi-
dence (Level I11-3) are comparative studies with non-
controlled designs. These are non-randomised studies
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where a group of people receiving the intervention
of interest are compared with previous or historical
information, or to another group receiving another
intervention in another study. The key limitation of
these studies is the lack of'a concurrent control group,
and thus it is not possible to determine the specific
effects of the intervention in the population as there
is not a suitable comparative group. The attempt to
make up for the lack of a control group by comparing
to historical data or other studies provides an improve-
ment over non-comparative studies (see case series
below), but is still limited. For example, comparison
to historical data on disease progression may be con-
founded by changes in disease management, specific
characteristics of the participants tested, or variations
in the assessment of outcome measures.

The lowest level of evidence (Level 1V) is provided
by case series that have no comparison group. These
are usually pre-test - post-test comparisons of out-
comes following an intervention in a single group.
Obviously, the lack of a control comparison severely
limits the strength of the findings and the conclu-
sions that could be drawn. These study designs will
often incorporate the addition of a second pre-test
measure following a baseline, control period. This
control period and additional baseline measure mar-
ginally strengthen the design of the study by enabling
participants to serve “as their own control”. Case
series study designs are commonly used for feasibil-
ity studies to demonstrate the potential efficacy,
safety, or practicality of an intervention before imple-
mentation in a larger, more robust study.?

Risk factors

In the intervention section above, we described
observational study designs such as the prospective
cohort and the case control. While not the best choice
of design for examining interventions where sub-
jects can be randomised into groups, they can be
very powerful in the study of risk factors associated
with the development of clinical conditions.® In the
aetiology hierarchy, the strongest of the observa-
tional studies is the prospective cohort receiving
level II. As the name suggests, it follows a group of
similar individuals (eg: forestry workers) over time
to examine whether a particular factor (eg: vibration
from chain saw use) influences the occurrence of an
outcome (osteoarthritis in the hand). A key point is

that the occurrence of the outcome has not occurred
at the commencement of the study. Such a design
allows a consistent measurement of exposure across
all the study participants and consistent measure-
ment of the criteria that determines the outcome
(eg: the presence of osteoarthritis in the hand).
Cohort designs can be prospective or retrospective
with the latter being at a lower hierarchal level. The
key difference is that the data related to the expo-
sure and the outcome has already been collected in
the retrospective design. In many instances, the risk
factor and/or outcome of interest was not the reason
for the original study.'” For example, while a pro-
spective study may have primarily been run to
examine vibration levels as a risk factor for osteoar-
thritis of the hand in forestry workers, data might
also have been collected on specific safety proce-
dures and injuries that occurred in this cohort. Such
data can be linked retrospectively and associations
between variables can provide important findings.
However, because the retrospective study was not
the original intention, the same degree of standardi-
sation of the data collection procedures and the pre-
cision in which they were collected is unlikely to
have been undertaken and therefore the design is
not as strong as a prospective study.

At the next level in the hierarchy of designs for exam-
ining risk factors is the case-control study. In this
design two groups are identified, one that has a clini-
cal condition of interest, and another that does not.
For instance, a group of forestry workers with osteo-
arthritis of the hand would be the case group and
they would be compared to a group of forestry work-
ers without osteoarthritis of the hand. That compari-
son might involve examining potential physical risk
factors, (e.g. tools used, tasks performed, times and
volume of work) that were undertaken by both groups
over a specified time to highlight a risk factor or set
of factors that are different across the groups. This
design is weaker than the cohort design as only the
outcome (osteoarthritis of the hand) has the poten-
tial to have been measured in a standardised and pre-
cise manner.'® Even then, one of the most notable
criticisms of this design is that the criteria for being
included in either the control or case groups may be
insufficient to accurately represent those of the wider
population with and without the condition of inter-
est.” This is particularly so, when the case-control
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design is targeting risk factors for a rare condition.
Characterising risk factors associated with rare con-
ditions is a key strength of the case control. The alter-
native, if one were to use a prospective cohort, means
waiting for sufficient cases to contract a disease so
that its risk factors might be characterised well, and
that may never eventuate.

Cross sectional study designs and case series form
the lowest level of the aetiology hierarchy. In the
cross sectional design, data concerning each subject
is often recorded at one point in time. For instance,
a questionnaire might be sent to a district where for-
estry is a predominant industry. It might ask about
the presence of osteoarthritis in the hand. In doing
so, the prevalence of the disorder can be established.
Some information related to exposure might also be
collected and associations might be observed, but it
is difficult to be confident in the validity of these
associations. Thus, information gained from the
cross-sectional study is often a starting point that
provides the impetus to use a more powerful design
to substantiate the initial findings.

Diagnosis

For diagnostic studies, the basic design utilized is
very similar across most studies, and the higher lev-
els of the hierarchy are based on meeting specific
methodological criteria within that design. To receive
Level II strength, the design is usually a prospective
cohort, and the comparison it makes between a diag-
nostic test and a reference standard requires the follow-
ing criteria:"" All subjects should receive the reference
standard, and that standard should be the best evi-
dence available for determining whether the condi-
tion of interest is present. For studies, involving
primary care, this will often be a scanning or electro-
physiological procedure and might also include an
anaesthetic block, while in studies involving tertiary
care patients, the reference standard is often what is
observed at surgery. The diagnostic test and the ref-
erence standard should also be completely indepen-
dent of one another. It is crucial that the reference
standard and the diagnostic tests are clearly described
so that others can replicate them. The persons per-
forming the diagnostic tests on the patients should
not have knowledge of the results of the reference
standard and similarly those performing the refer-
ence standard should have no knowledge of the

results of the diagnostic test. The patients participat-
ing in the study must be well described, and repre-
sent those with mild as well as severe levels of the
condition of interest who are recruited in a consecu-
tive manner, and at the end of the study they are all
accounted for.

Studies where the subjects are not consecutively
recruited are assigned level I1I-1 strength. When the
criteria relating to reference standards are partially
compromised, a study is regarded as level III-2.
When a study uses a group of subjects that don't
include a wide spectrum of those likely to have the
condition, or don't identify specific potential sub-
groupings that might affect the results, it is assigned
level I11-3. Such studies are often case-control designs
where there are narrow criteria for inclusion in
either the case or control groups, which can ulti-
mately affect the generalizability of the results.'?
The lowest level (IV) is reserved for those studies
that lack a reference standard.

IRRESPECTIVE OF DESIGN, THE QUALITY

OF STUDIES IS IMPORTANT

While hierarchies provide the professional with a
guide to how well a study design might answer a
question, one must also consider how well that design
has been implemented.® Within each design, there is
a set of criteria that should be subscribed to, to make
the design as robust as possible. The RCT may be at
level 11 on the design hierarchy, and hence a good
choice of design for studies examining the effects of
an intervention. However, if that RCT has insuffi-
cient subject numbers to detect a reasonable differ-
ence across groups or blinding of subjects was not
undertaken, or there were notable dropouts, then
one should question the value of the results from
that study, despite the design being the most appro-
priate. A study with a design lower on the hierarchy
that has been undertaken well may provide more
valid information.

There are numerous scales or checklists to choose
from within the literature to assess the quality of indi-
vidual research studies across the domains of interven-
tions, aetiology, and diagnosis. The key sources of bias
that might threaten the validity of the results of studies
generally relates to the selection of patients, random-
ization, therapeutic regime, withdrawals, blinding, and
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statistical analyses.® Be aware that some checklists are
extremely extensive'® and include questions on issues
that may not actually have the potential to bias the
results, which is the primary reason for your assess-
ment of the methodological quality.

The answers to checklist questions concerning meth-
odological issues may be categorical (eg: bias present
or not) or may be graded (e.g. 1 to 4). In some instances,
the answers are weighted according to how important
the checklist developer thought the bias might affect the
results. Generally, the weightings of checklist ques-
tions have been subjectively applied with little if any
empirical support, and subsequently total scores
across checklists can be quite different.® Where weight-
ing has not been applied across questions, the assump-
tion is that all issues are of the same value and that is
arguably not so. In light of these potential issues, at
the Cochrane Collaboration Higgins et al'* have indi-
cated that readers refrain from giving an overall score
to a paper on its methodological quality, but rather to
identify whether methodological quality criteria have
been met or not met, and in the latter case, how rele-
vant the issue might be to the size of the effects
observed in the study. This strategy makes it much
harder for an individual to discern whether a particu-
lar paper is one that should be given more or less con-
sideration, in respect to clinical decisions to be made.
If clinicians are expected to assess the merits of indi-
vidual experimental papers, this is an area that must
be addressed further for more types of studies. Key
sources of questionnaires for assessing the quality of
intervention, risk factor and diagnostic studies are
provided by Higgins et al,'* Hayden et al,'®> Bossuyt
et al,'® and Whiting et al,'” respectively.

APPLYING WHAT IS FOUND IN THE
LITERATURE TO CLINICAL SCENARIOS
Assuming that papers have been identified that per-
form well from a methodological perspective, and
their designs are well placed on the hierarchy for
answering a particular question, finding papers that
include participants who are similar to the patient(s)
of interest to the professional is important. Such con-
sideration should include an assessment of the level
of severity of the groups under study (eg: mildly,
moderately or severely affected), together with the
amount of treatment they were being given, and the
timing of that treatment within their disease/injury

healing process. Furthermore, check when the
researchers made their assessments to determine
change in the participant’s status. Ask whether these
are realistic time points to do an assessment, and if
the follow up was appropriate to determine the lon-
ger-term effects.

It is also important that clinicians look beyond the
treatment effect of an intervention to get a balanced
view of its merits. Consideration should be made not
only of the benefits but also the potential harm asso-
ciated with a particular treatment. For instance, a
new regime for treating acute muscle tears might be
developed and shown in a well-conducted RCT to
allow players to return to sports much earlier than
anything currently available. However, that same
regime may induce side effects, perhaps a greater
likelihood of the injury recurring 6-12 months later
due to the laying down of excessive scar tissue in the
early stages of the rehabilitation regime. Examina-
tion of such points will allow the professional to
make a better judgement concerning the relevance
of the papers to the clinical decision at hand.

GUIDELINES PROVIDE A SYSTEMATIC

REVIEW AND A SET OF RECOMMENDATIONS
Based on the information presented above, it would
seem a monumental task for therapists to assess a
series of individual papers and thereafter make an
informed decision concerning every clinical prob-
lem that they face, particularly those where the
patient is atypical, and does not resemble the sub-
jects presented in studies. To make the task easier,
guidelines have been developed to answer specific
clinical problems/questions and provide recommen-
dations. Because of the resources required, guide-
lines are usually initiated by organisations such as
specialist groups in a field of medicine/allied health
or a national health agency. These organisations
convene a guidelines panel that is usually composed
of'scientists, clinical specialists, statisticians, patients
and lay people, and they are supported by data ana-
lysts and administrators. Their first step is to iden-
tify the question of interest and the key outcomes
associated with that question. They then assess sys-
tematic reviews (Level 1 evidence in the hierarchy)
that have been previously published or specifically
undertake their own systematic review. In doing so,
they provide a summary of the quality of the research
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undertaken, the consistency of the results across
studies, the magnitudes of the intervention’s effects
observed in patient subgroups, the benefits versus
the potential harm associated with a treatment, and
whether the health benefits of a treatment are worth
the costs of providing them.'®* Most importantly
though, guidelines include recommendations and
these are often quite definitive, being categorised as
‘strong’ or ‘weak’ Guyatt et al'® describe these as
reflecting a trade off between the benefits of treat-
ment against the burdens of receiving it together
with its risks; while taking into account the accuracy
and strength of the data supporting the intervention.
If the data analysed from experimental papers indi-
cates that an intervention has a large effect and the
risks and burdens associated with the treatment are
low, then a strong recommendation can be made to
implement it. Where there are inconsistencies in
findings or small treatment effects or notable risks,
the recommendation for the treatment/intervention
might be regarded as ‘weak’, and the patient’s partic-
ular circumstances may then play a greater role in
whether a particular treatment is implemented.

Given the extent and thoroughness behind the con-
struction of guidelines and the inclusion of recom-
mendations, they are an important source for guiding
clinical decision making and should be searched for
early in your examination of the literature.

THINK BEYOND THE SCIENCE

While the current paper has focused upon the
quantitative assessment of evidence, it cannot be
regarded as the sole means by which professionals
make clinical decisions. It is important that thera-
pists continue to appreciate the individuality of
each patient and the personal circumstances that
they bring with their pathophysiological issues.
While at present, qualitative research does not have
a formal place in levels of evidence, there is with-
out doubt evidence for its importance in providing
insights into patients’ viewpoints on how the clini-
cal condition and its treatment has influenced the
lives that they lead.

Therefore, professionals must continue to value
highly how we interact and react to each patient’s
situation, continually striving to be effective listen-
ers and communicators, as well as being advocates

of the best research evidence to help all patients
improve the quality of their lives.

Table 1. Key Points summary.

Key Points Summary:
« Different types of questions require different research designs.
« Look for clinical guidelines and systematic reviews first.
« Consider the hierarchy of designs within diagnostic, intervention, and risk
factor studies.

» Consider the quality of papers irrespective of the design.

DI

» Assess how well the subjects recruited in studies match your patient’s
characteristics.

« Be aware of not only the benefits of treatments but also their potential

risks.

« Don't forget to assess the patient’s circumstances, and how it might

influence your evidence-based clinical recommendations to them.
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