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In the hierarchy of research designs, the results
of randomized controlled trials are considered
the highest level of evidence. Randomization is
the only method for controlling for known and
unknown prognostic factors between two comparison groups. Lack of randomization predisposes a study to potentially important imbalances in baseline characteristics between two
study groups. There is a hierarchy of evidence,
with randomized controlled trials at the top, controlled observational studies in the middle, and
uncontrolled studies and opinion at the bottom.

This hierarchy has not been supported in two recent publications in the New England Journal of
Medicine which identified nonsignificant differences in results between randomized, controlled
trials, and observational studies. The current authors provide an approach to organizing published research on the basis of study design, a hierarchy of evidence, a set of principles and tools
that help clinicians distinguish ignorance of evidence from real scientific uncertainty, distinguish evidence from unsubstantiated opinions,
and ultimately provide better patient care.

In the hierarchy of research designs, the results
of randomized controlled trials are considered
the highest level of evidence.26 Randomization
is the only method for controlling for known
and unknown prognostic factors between two
comparison groups.1, 26 Lack of randomization
predisposes a study to potentially important
imbalances in baseline characteristics between
two study groups. The role of nonrandomized
(observational) studies in evaluating treatments is an area of continued debate: deliberate choice of the treatment for each patient
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implies that observed outcomes may be caused
by differences among people being given the
two treatments, rather than the treatments
alone. Unrecognized confounding factors can
interfere with attempts to correct for identified
differences between groups. There has been
considerable debate about whether the results
of nonrandomized studies are consistent with
the results of randomized controlled trials.3, 10,
12–14, 21, 22, 28 Nonrandomized studies, or observational studies, have been reported to overestimate or underestimate treatment effects.21, 22
These considerations have supported a hierarchy of evidence, with randomized controlled trials at the top, controlled observational studies in the middle, and uncontrolled
studies and opinion at the bottom. However,
these findings have not been supported in two
recent publications in the New England Journal of Medicine that identified nonsignificant
differences in results between randomized,
controlled trials and observational studies.3, 13
The current authors provide an approach to
organizing published research on the basis of
study design, a hierarchy of evidence. The key
features and the advantages and disadvantages
of specific study designs will be addressed.
The concepts presented hopefully will enable
clinicians and healthcare personnel to practice
in the context of evidence-based orthopaedics.
Types of Study Design
The types of study designs used in clinical research can be classified broadly according to
whether the study focuses on describing the
distributions or characteristics of a disease or
elucidating its determinants.
Descriptive studies are concerned with describing the general characteristics of the distribution of a disease, particularly in relation
to person, place, and time. Cross-sectional
studies, case reports, and case series represent
types of descriptive studies. Information on
each can provide clues leading to the generation of a hypothesis that is consistent with existing knowledge of disease occurrence.
Analytic studies focus on determinants of a
disease by testing a hypothesis with the ulti-
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mate goal of judging whether a particular exposure causes or prevents disease. Analytic
design strategies include observational studies, such as case-control and cohort studies,
and clinical trials. The difference between the
two types of analytic studies is the role that the
investigator plays in each of the studies.20 In
the observational study, the investigator simply observes the natural course of events. In
the randomized controlled trial, the investigator assigns the intervention or treatment. Although an in-depth discussion on assessing
the methodologic quality of each particular
study is beyond the scope of the current study,
the basic strengths and limitations of each research strategy will be addressed.
Levels of Evidence
Investigators have attempted to minimize potentially harming patients by basing clinical
decisions of the sorts of evidence that are
least likely to be wrong. Two studies defined
what was thought to be the evidence providing the least biased estimate of the effect of an
intervention: a systematic review documenting homogeneity in results of a large number
of high-quality randomized controlled trials
(randomized with concealment, blinded, complete followup, and intention-to-treat analysis).8,25 This was termed Level 1 Evidence.
These investigators additionally categorized
studies of an intervention based on an increasing degree of potential bias: systematic reviews with randomized controlled trials that
reveal differences in treatment effect (heterogeneity); individual high-quality randomized
controlled trials (Level IB evidence); less rigorous randomized controlled trials; cohort or
observational studies (Level 2 evidence);
case-control studies (Level 3 evidence); case
series (Level 4 evidence), and expert opinion
(Level 5 evidence).23 Based on the various
levels of evidence of a particular treatment,
grades of recommendation can be determined.25,26 For example, the following grades
of recommendations have been proposed: (1)
Grade A, consistent Level 1 studies; (2) Grade
B, consistent Level 2 or Level 3 studies; (3)
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Grade C, Level 4 studies; and (4) Grade D,
Level 5 studies.25,26
Case Report and Case Series
Case reports are an uncontrolled, descriptive
study design involving an intervention and outcome with a detailed profile of one patient. An
early example from the orthopaedic literature
of a case report is Birkett’s 1869 description of
a fracture-dislocation of the hip.7 Expansion of
the individual case report to include multiple
patients with an outcome of interest is a case
series. In 1981, a famous case series involving
five homosexual men in Los Angeles, CA with
Pneumocystis carinii between 1980 and 1981
marked the beginning of the AIDS epidemic in
the United States.9 Although descriptive studies are limited in their design to make causal inferences about the relationship between risk
factors and an outcome of interest, they are
helpful in developing a hypothesis that can be
tested using an analytic study design.
Case-Control Study
One type of observational study is the casecontrol study that starts with the identification
of individuals who already have the outcome
of interest, cases, and are compared with a suitable control group without the outcome event.
The relationship between a particular intervention or prognostic factor and the outcome of interest is examined by comparing the number of
individuals with each intervention or prognostic factor in the cases and controls. Case-control
studies can be used to study prognostic factors.
One example of a case-control study to investigate prognostic factors would be to identify
patients with nonhealing fractures and a similar group of patients with well-healed fractures
to see whether the patients with nonhealing
fractures were more likely to smoke.
Case-control studies are described as retrospective because they are done looking back in
time at information collected about past exposure to possible attributable factors. From this
information, an odds ratio can be calculated to
describe the odds of a particular factor in individuals with the outcome of interest compared
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with those without the outcome. Although the
odds ratio can be used to estimate the relative
risk, it cannot provide information about excess risk. The case-control study can be useful
in studying rare outcomes, outcomes with
multiple potential etiologic factors, or looking
at outcomes that take a considerable length of
time to develop. Additionally, they can be done
in a short time with small sample sizes, and for
less money than other types of studies. However, because the information usually is collected from patients or their hospital records,
data may be inaccurate because of the effect of
recall bias and measurement bias.
Cohort Study
The term cohort comes from the Roman word
for a group of soldiers that marched into battle
together.15 In the cohort study design, the cohort
represents a group of people followed up with
time to see whether an outcome of interest develops. Ideally this group meets a level of certain predetermined criteria representative of a
population of interest and is followed with welldefined outcome variables. The Framingham
Heart Study2 is an example of a large cohort
study involving residents of a Massachusetts
community with identifiable cardiovascular
risk factors being followed up for cardiovascular events. Usually this group is matched with a
control population selected on the presence or
absence of exposure to a factor of interest. The
purpose of this type of study is to describe the
occurrence of certain outcomes with time and to
analyze associations between prognostic factors
and those outcomes.
Cohort studies can be prospective in nature
meaning that they begin at a specified point
and are followed forward in time to evaluate
the influence of certain prognostic factors or
interventions on the desired outcomes. Examples include prospective cohort studies such as
one evaluating refractures in patients initially
treated for a fracture.24 The strengths of a
prospective cohort study are the ability for the
investigator to study several outcomes with
time, and ensure that the data collected are relevant and accurate. The drawbacks are the ex-
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pense of involving a large number of subjects
and requirement of a long study period.
A retrospective cohort or historic cohort involves identifying patients from past records
and following this group backward in time
from the present to the past records. Retrospective cohort studies have the advantage
of being shorter in duration compared with
prospective studies but they lack the ability to
control the selection of subjects and lack the
control over outcome measurements. Cohort
studies are observational in nature and subject to systematic bias. Confounding variables
may be introduced because random allocation
is not used thereby affecting the outcome
rather than the factors being examined.
Randomized Controlled Trials
Randomized controlled trials classically are
held as the standard to which all other designs
should be measured.1, 26 In a randomized controlled trial, subjects are assigned to a treatment group or a control group. The control
group usually receives an accepted treatment
or no treatment at all, whereas the treatment
group is assigned the intervention of interest.
Randomized controlled trials are thought to
represent the highest quality of evidence based
on their methodologic strengths of randomization of patient assignment and blinding of
intervention and outcome. Studies are randomized to eliminate selection bias and to balance confounding factors between both groups.
Blinding of the subjects, investigators, or both
(double-blinded) involves concealing patient
assignment so as not to influence the outcome.
Controlled trials without randomization occasionally are done but represent a class of
evidence with less internal validity and are
subject to selection bias. The importance of
randomization comes from the neurosurgical
literature.1, 6 During the 1970s and early
1980s, surgeons frequently did extracranial to
intracranial bypass (anastomosis of a branch
of the external carotid artery, the superficial
temporal, to a branch of the internal carotid
artery, the middle cerebral). They thought it
prevented strokes in patients whose sympto-
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matic cerebrovascular disease otherwise was
surgically inaccessible. Comparisons of outcomes among nonrandomized cohorts of patients who, for various reasons, did or did not
have this operation, fueled their conviction.
These studies suggested that patients who had
surgery seemed to fare much better.1, 6 However, to the surgeons’ surprise, a large multicenter trial in which patients were allocated to
surgical or medical treatment using a process
analogous to flipping a coin (a randomized
control trial), showed that the only effect of
surgery was to increase adverse outcomes in
the immediate postsurgical period.19
The advantages of a randomized controlled
trial are the quality of the study associated with
its inherent internal validity because potential
confounding variables can be controlled for,
thereby potentially providing strong evidence
for cause and effect relationships. Randomized
controlled trials may not always be suitable for
answering some research questions for technical or ethical reasons.
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