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Abstract Introduction: Three chal-
lenges that physicians and decision
makers in the health care systems
have to meet are a remarkable pro-
portion of medical decisions without
a sufficient base of scientific evi-
dence, a slow and opaque process of
integrating scientific knowledge into
medical practice and a steadily de-
creasing half-life period of the medi-
cal knowledge. Discussion: During
the last two decades, a number of
projects have faced these problems
and forced the development of evi-
dence-based medicine (EBM). This

concept claims the explicit conscien-
tious use of current evidence from
clinical research combined with the
personal expertise in the process of
medical decision making. The fol-
lowing article explains the main
steps of practising and teaching
EBM illustrated by a clinical exam-
ple.
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What is evidence-based medicine?

Evidence-based medicine is the conscientious, explicit and judicious use 
of current best evidence in making decisions about the care of individual 
patients. The practice of evidence-based medicine means integrating 
individual clinical expertise with the best available external clinical 
evidence from systematic research (DL Sackett).

Introduction

These sentences, phrased in a frequently cited editori-
al [1], characterise the principles of evidence-based med-
icine (EBM) as it is understood and propagated by many
physicians and researchers as well as institutions and or-
ganisations of the health systems. The discussion regard-
ing the need of a better integration of the results of medi-
cal research is mainly provoked by three actualities: (1)
the percentage of medical decisions based on scientific
evidence is estimated as 15–40%, sometimes even lower
[2]; (2) there is an enormous time lag between assured
scientific knowledge and the introduction into medical
routine, empirically shown to be 8–10 years [3]; and (3)
the medical knowledge is, at rapidly increasing speed,
becoming out of date, with a steadily decreasing half-life
period of about 5–45 years today, depending on speci-
ality [4, 5].

The implications of these statements have been debat-
ed since 1970 [6], leading to a series of projects and de-
velopments in North America and the UK over the last

20 years. Stimulated by the crisis of their health care
systems and other factors, many central European coun-
tries began to take part in the discussion a few years ago.
Because of its broad dissemination, there is a need for all
medical specialities to get involved in this development
and to consider the impact EBM already has and will
have for them in future.

The concept of EBM

The global target of EBM is to improve health care by
bridging the gap between research and clinical practice,
thus allowing medical decisions to be based on the best
available scientific evidence [7, 8]. To achieve this target,
the available evidence or knowledge has to be accessed in
a formalised and operationalised way for an optimal out-
put and benefit. The methodological framework for an
EBM is organised in the following four steps:

1. Translating a clinical problem into a question that can
be answered
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2. Searching for the best evidence
3. Critically appraising the evidence
4. Applying the identified and appraised information in

clinical practice

At the end of the process, a fifth step can be added,
which is the evaluation of the whole process and of the
clinical performance.

Translating a clinical problem into a question
that can be answered

Use of everyday language is not sufficient for asking
questions that will be answered by searching the medical
literature via bibliographic databases. Questions suitable
for a systematic search have to follow a certain logic that
breaks down the overall question, transferring it into an
operationalised form. Well-constructed clinical questions
should contain four elements [7]:

1. The patient and/or problem addressed.
2. The intervention we are interested in (e.g. a diagnos-

tic test, a treatment or a prognostic factor).
3. A comparison intervention, if relevant.
4. The clinical outcome or outcomes we and the patient

are interested in.

For diagnostic decisions, a well-formulated question
should enable the identification of an appropriate diag-
nostic test with its characteristics (sensitivity and speci-
ficity or likelihood ratios). These test properties are es-
sential for evaluating a diagnostic test and its benefit for
the clinical decision-making process. With the knowl-
edge of the patients’ probability of being ill (prevalence
or pre-test probability), the characteristics of a diagnostic
test and the result of this test in a patient, we can calcu-
late the post-test probability and assess the diagnostic re-
sult.

Searching for the best evidence

To identify the available evidence, modern tools such as
electronic databases have to be used [9]. Today, this usu-
ally means using Medline, mainly because the access is
free. However, it should be noted that even a qualified
Medline-search may not produce the best existing evi-
dence [10]. First, the reason may lie in the difficult index
structure, which can be a serious obstacle for a success-
ful search, thus inhibiting finding studies contained in
Medline. Second, aside from the complex index struc-
ture, a remarkable number of articles are indexed incor-
rectly or incompletely [11]. Third, Medline does not
comprise all journals, leaving out some journals with a
large number of studies, or even worse, not covering a
number of special areas. Especially in Europe, the medi-

cal database Embase (Elsevier) may be a better choice,
particularly for pharmaceutical studies. New articles are
included faster into Embase than into Medline and it
contains journals that are not covered by Medline. Re-
gardless of the selected databases, the search for evi-
dence must be highly specific. In most cases, the first ap-
propriate article has to be used because of time con-
straints and the conditions of everyday clinical practice,
which rarely allow use of information from several arti-
cles.

To overcome this limitation and provide the busy cli-
nicians and decision makers in the health care systems
with reliable information, synthesising the existing re-
search results is an essential step beyond relying on sin-
gle studies only [12, 13]. The Cochrane Collaboration
(CC), an international network of physicians, scientists,
health care institutions and patients [14] started to pre-
pare, maintain and disseminate systematic reviews of all
types of health care interventions. Systematic reviews
are produced under conditions designed to overcome the
intrinsic errors of classical narrative reviews [12]. Dur-
ing recent years, they have been acknowledged as the
most reliable source for appraising the effectiveness of
an intervention. Therefore, in the classification of reli-
ability of evidence, systematic reviews that are based on
high-quality randomised controlled trials (RCT) receive
evidence level 1 (Table 1) [15]. Logically, a search
should start with systematic reviews, going down the
evidence hierarchy of the table if there is no review. An
easy-to-use database is the Cochrane Library [16],
which contains 628 systematic reviews and 593 proto-
cols of reviews (Issue III/1999). The Cochrane Library
also contains a literature database with all clinical study
citations from Medline and an increasing number from
Embase. These citations are complemented by a large
number of citations which were identified by sys-
tematically hand searching journals not covered by 
electronic databases. Providing these data on clinical
studies makes the Cochrane Library one of the most
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Table 1 Levels of evidence [15]

Level Type of investigation

Ia Evidence obtained from meta-analysis of randomised 
controlled trials

Ib Evidence obtained from at least one randomised con-
trolled trial

IIa Evidence obtained from at least one well-designed 
controlled study without randomisation

IIb Evidence obtained from at least one other type of well-
designed quasi-experimental study

III Evidence obtained from well-designed non-experimen-
tal studies, such as comparative studies, correlational 
studies, and case studies

IV Evidence obtained from expert committee reports or 
opinions and/or clinical experiences of respected
authorities



comprehensive if not the best single source of evidence
[17]. A list of Cochrane reviews dealing with surgical
topics is maintained by the Royal College of Surgeons
on the internet under http://www.rcseng.ac.uk/public/
infores/reso_ir.htm.

An alternative approach to reduce the workload is the
use of condensed versions of original articles provided
by the secondary literature. Well-known examples are
the journal Evidence-Based Medicine [18] or its elec-
tronic version Best Evidence which comprises EBM and
the ACP journal club and appears on CD-ROM. Original
articles are identified by systematically screening a large
number of high-quality journals. The articles, selected
according to methodological quality and clinical rele-
vance, are reduced to an abstract under a fixed format
which is published together with an independent com-
ment.

Critically appraising the evidence

The identified scientific evidence has to be critically ap-
praised. This step is absolutely essential, because a large
proportion of published medical research lacks method-
ological rigour to be reliable. Therefore, a number of
structured and fairly simple guides have been developed
to enable people without research expertise to evaluate
clinical articles and use them as base for their decision
making. A widely used series of articles are the Users’
Guides to the Medical Literature published between
1993 and 1998 in the Journal of the American Medical
Association (a detailed reference list can be found under
http://www.cochrane.de/deutsch). A checklist may be
used to assess articles with respect to several topics, e.g.
randomisation, intention-to-treat analysis, discussion of
benefit versus harm and costs etc., in an article about
treatment.

Another approach to judge reliability of information
is using levels of evidence (Table 1) that express the va-
lidity of the evidence according to the underlying study
design [15]. There has been a long, still ongoing debate
on the quality assessment of clinical trials. Various scales
of different length and complexity exist [19] but, so far,
no generally agreed method has been derived. While
many of the scales are very complex or even too com-
plex for extensive practical use, recently, a few compo-
nents have been identified as being particularly impor-
tant. The dominant factors are randomisation, blinding
and dealing with drop-outs [20]. If studies are open be-
cause blinding is not possible or is not done, conceal-
ment of treatment allocation has been shown to play a
crucial role. Lack of concealment may lead to serious bi-
as, normally an overestimation of the treatment effect
[21].

An unsolvable problem is the serious confounding of
conducting and reporting trials [22]. From the articles it

often cannot be concluded whether crucial quality re-
quirements in a study were neglected or only left out in
the report. The CONSORT-Statement, a guideline for re-
porting clinical studies, was developed to lead to more
standardisation in study reports and is now adhered by
more than 70 journals [23]. Work on a similar type of
guideline for meta-analyses is still in progress. Both
statements together should gradually lead to an improve-
ment if they become part of the instructions for authors
by a majority of the biomedical journals.

Applying the identified and appraised information to
clinical practice

Successfully working through the previous steps produc-
es reliable information which has to be applied to the
specific, individual patient. As mentioned above, apply-
ing a diagnostic test with known parameters allows cal-
culation of the post-test probability of being ill. The im-
plications of a potential false positive or false negative
classification have to be assessed with respect to the par-
ticular disease and the conditions of the patient [7, 24,
25].

Information about therapeutic decisions can be pre-
sented in different ways. Widely used, especially in in-
formation from the pharmaceutical industry, is the rela-
tive risk reduction (RRR), which is the proportional
reduction of the risk to suffer a negative event between
the intervention and the control group. Consider a patient
who has a risk of suffering a certain negative event (e.g.
stroke during the next year because of carotid artery ste-
nosis) of about 30% without any treatment. Treating the
patient (e.g. carotid endarterectomy) would reduce this
risk to 15%. We have an RRR of (30%–15%)/15%=50%.
This clearly seems to be worth the effort. Suppose the
risk of the patient to suffer stroke in the next year would
only be 0.3% and treating the patient would reduce 
this to 0.15%. In this example, the RRR is still
(0.3%–0.15%)/0.15%=50%, but the therapy lacks clini-
cal relevance because the baseline risk is very low and
not worth taking the risk of the therapeutic intervention.
Thus, the RRR fails to visualise this important differ-
ence.

A better approach to express the effects of therapeu-
tic interventions is the absolute risk reduction (ARR),
which is the difference between the risk to suffer a cer-
tain event in the control group and this risk in the inter-
vention group. In the first example, we have an ARR of
30%–15%=15%, which again recommends treatment of
the patient. In the second example, the ARR is only
0.3%–0.15%=0.15%, which is not worth thinking
about.

To put the information of the ARR in a more illustra-
tive figure, we can use the inverse of the ARR, which is
the number needed to treat (NNT). The NNT describes
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the number of necessary therapeutic interventions to al-
low one additional success by using the considered ther-
apy. In the first example, the NNT is 1/0.15=7. Seven pa-
tients have to undergo carotid endarterectomy to prevent
one stroke during the next year. In the second example,
the NNT would be 1/0.0015=667 and the irrelevance of
the therapeutic intervention in this example becomes ob-
vious. The NNT is an intuitively applicable tool for mak-
ing decisions about therapeutic interventions and inte-
grating the patients’ preferences in the decision-making
process. Of course the physician is forced to define a
kind of threshold-NNT, depending on the individual clin-
ical situation and the relationship between harm and ben-
efit caused by a therapeutic procedure under the particu-
lar circumstances.

Regardless of how the information is presented in an
article, some basic figures, such as the number of pa-
tients in the treatment groups and the number of adverse
outcomes in each group, is enough to calculate ARR and
NNT. Beneath these technical aspects, the individual sit-
uation of the patient and his expectations have to be tak-
en into account in this step [7, 26, 27].

Practicing and teaching EBM: a clinical scenario

Consider the following situation. During ward rounds in
the outpatient department, students saw a 25-year-old pa-
tient who twisted his left knee during a soccer game the
day before. He complained about pain and reduced ex-
tension and flexion of his left knee. The students exam-
ined the patient’s knee and recognised swelling, pain and
a reduced function. The medial and lateral ligaments
were stable. They were not quite sure about the diagno-
sis. They suspected a distorsion of the knee, but one stu-
dent suggested that this patient could also have a rupture
of the anterior cruciate ligament (ACL). Following the
four steps of EBM, the students translated the clinical
problem into an answerable question, which can serve as
a start for a literature search.

Is there a sensitive, easy-to-apply clinical examination
method to prove ACL rupture in a 25 year-old patient
with pain and reduced function of the knee after a sports
injury?

After a brief instruction on how to do a short literature
review in the KnowledgeFinder [28], using “diagnosis of
ACL rupture”, they found two comparative studies that
could answer their question (complete reference see ref-
erence list [29, 30]):

Liu S.H. et al. The diagnosis of acute complete tears of
the anterior cruciate ligament. Comparison of MRI,
arthrometry and clinical examination

Rose N.E. et al. A comparison of accuracy between clin-
ical examination and magnetic resonance imaging in
the diagnosis of meniscal and anterior cruciate liga-
ment tears

Both articles make contributions to the interesting clini-
cal problem, but the trial of Liu et al. has only 38 partici-
pants compared with 154 in the trial published by Rose
et al. Because of the greater number of patients included
in the study, the students decided to get a copy of the lat-
ter investigation to make a critical appraisal of the identi-
fied evidence. According to the instructions given in the
Users’ Guides to the Medical Literature: ‘How to use an
article about a diagnostic test?’, they answered the ques-
tions detailed in Appendix I [24, 25]:

1. Are the results of the study valid?
The comparison with the reference standard was not
blind and independent because it was applied by the
same person, but the reference standard (arthroscopy)
was applied independently from the result of the test un-
der evaluation (clinical examination). The patient sam-
ple seems to cover the actual clinical situation and the
process was described in sufficient detail. The students
felt a little uneasy about the lack of an independent
comparison with the reference standard but after a short
discussion they decided that this piece of evidence is
valid.

2. What are the results?
The authors do not present likelihood ratios, but the giv-
en information with specificity of 99% (95% confidence
interval 93.8–99.9) and a sensitivity of 100% (75.2–100)
of the Lachmann test to detect an ACL rupture is suffi-
cient. In this situation, a detailed estimation of the post-
test probability by combining prevalence and likelihood
ratios is not essential [24, 25, 31].

3. Will the results help me in caring for my patient?
The students agreed that the information provided by
this article was applicable to their patient and was very
helpful to decide about the right diagnosis.

Based on these findings, there seems to be enough ev-
idence that the Lachman test as a clinical test is suffi-
ciently sensitive to detect ACL ruptures. After demon-
stration of the Lachman test by the surgeon and exami-
nation of the patient, it became clear that the Lachman
test was positive. The students concluded that the patient
had an ACL rupture.

Faced with this diagnosis, the patient asked which
consequences this injury had for him, especially for his
sport activities, and wanted to get more information
concerning the best therapy in his situation – in particu-
lar the advantages and disadvantages of surgical treat-
ment.

Remembering the concepts of EBM, the students for-
mulated the following question.
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In a 25-year-old patient with ACL rupture, does surgical
treatment lead to better results than conservative
treatment with regard to sport activities?

They conducted a quick search of the literature begin-
ning with the Cochrane Library and found only a proto-
col for a Cochrane review [32] but no completed system-
atic review on this topic. Not being successful on the
highest level of evidence, the students searched the
KnowledgeFinder Medline-System with the string “treat-
ment of ACL rupture” and the search engine came up
with the following citations (for complete reference, see
reference list [33, 34, 35, 36]):

Rauch G. et al. Is conservative treatment of partial or
complete anterior cruciate ligament rupture still justi-
fied?

Anderson C. et al. Knee function after surgical or non-
surgical treatment of acute rupture of the anterior cru-
ciate ligament: a randomized study with long-term
follow-up period

Daniel D.M. et al. Fate of the ACL injured patient. A
prospective outcome study

Fink C. et al. Long-term outcome of conservative or sur-
gical therapy of anterior cruciate ligament rupture

In summary, the abstracts of these articles showed that
both surgical and conservative therapy are still an alter-
native worth considering.

For a more detailed appraisal, the students took a pa-
per copy of the complete article from Anderson et al.,
following the guides in Appendix II coming from the
Users’ Guides to the Medical Literature ‘How to use an
article about therapy’ [26, 27].

1. Are the results of the study valid?
Concerning the validity of the trial, they concluded that
this article reports a RCT, all patients who entered the
trial were included in the final evaluation except for the
properly explained withdrawals and all patients were
analysed in the groups to which they had been random-
ised. The treatment groups were similar at the begin-
ning of the trial, the groups were treated equally aside
from the experimental treatment and the follow-up peri-
od was long enough. Blinding was not possible because
of the comparison of surgical and conservative treat-
ment.
After a short discussion, the students agreed that the trial
was valid and the methodological aspects gave no obvi-
ous reason to suspect substantial bias within the trial.

2. What are the results?
With respect to sports activities, the authors explain
that 69% of the conservatively treated patients did not
return to competitive sports at the follow-up examina-
tion compared with 50% in the ACL repair group (data
are pooled from different techniques of ACL repair).

The distribution of patients who took part in compet-
itive sports before the injury did not differ among 
the groups. This result indicates an ARR of
50%–31%=19% between conservative treatment and
surgical treatment. To put this in a more illustrative
way, the surgeon demonstrated how to calculate the
NNT, which is 1/ARR or 1/0.19=5. In this case, if only
five patients undergo surgical repair of the ACL, one
more patient will be able to return to competitive sports
compared with conservative treatment. The article does
not give any information about confidence intervals,
but a P value of lower than 0.05 is mentioned so the
students believe this result to be significant.

3. Will the results help me in caring for my patients?
The students concluded that the results can be applied to
their patient, that the trial gives sufficient information
about the main clinical outcomes and that the expected
treatment benefit is worth the potential harms and costs,
especially in a young patient who wants to continue his
sporting activities. In a different clinical situation with
an older patient who was working in an office without
any sportive ambitions and without subjective knee in-
stability, the conservative treatment would probably be
the better choice.

The patient confirmed that soccer was one of his fa-
vourite sports that he wanted to continue and agreed to a
surgical reconstruction of his ACL after the surgeon’s
explanation of the treatment alternatives and the advan-
tages of a surgical approach, especially with respect to
returning to sporting activities with an NNT of about 5.

Perspectives

EBM is the process of systematically finding, appraising
and using contemporaneous research findings as the ba-
sis for clinical decision making. However, searching for
and using published literature is heavily influenced by
many sources of bias which are inherent in the research
and publication process.

Particularly serious is the publication bias, which
means the larger probability of clinical trials with signif-
icant comparisons to be published [37]. For several rea-
sons, related to the attitude and behaviour of researchers,
publishers and sponsors, significant studies are published
more often and faster than trials that do not find signifi-
cant differences between treatment groups [38]. Conse-
quently, averaging over several studies in a review can
lead to an overestimation of the summarised treatment
effect. The solution for this problem would be the pre-
registration of all clinical trials with compulsory publica-
tion [39], regardless of outcome and completion. Imple-
menting such a register would be possible under the ex-
isting logistic conditions but seems nonetheless far from
realisation.
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Finding published studies is a serious problem, de-
scribed as retrieval bias. Incomplete databases and im-
perfect indexing are the main reasons for this phenome-
non [10]. The comprehensive and unbiased identification
of trials is further complicated by the language bias. The
tendency to publish significant trials from non-English
language areas in English-language journals combined
with a better representation of these journals in libraries
and databases leads to a systematic over-representation
of trials that demonstrate large (significant) treatment ef-
fects [40]. The common practice of concentrating on
publications in English is not supported by the quality of
the trials in general. Empirical research proved that there
are no differences with respect to trial quality between
English- and non-English-language journals [41]. Final-
ly, personal career interests and the influence of impact
factors additionally complicate the path from producing
clinical evidence to its use in medical practice.

The concepts described above and illustrated by the
clinical example follow the classical EBM as described
by Sackett and others [7]. Developed under ideal situa-
tions, this approach seems to be applied in practical con-
ditions only with considerable difficulties. The skills to
integrate these steps into everyday practice, under time-
constraints and lack of logistic support, are a major ob-
stacle. Introducing these decision structures would ask,
at least in the beginning, for additional resources which
are hardly available these days.

The surgeon who wants to practice EBM is faced with
the problem that a considerable proportion of surgical
treatments cannot be evaluated in RCTs, which are rec-
ommended by the protagonists of EBM [42]. The lack of
controlled trials is even more serious in the comparison
of surgical and conservative treatments for several rea-
sons, such as patients’ general preferences of surgical
treatment. In absence of systematic reviews or RCTs, the
levels of evidence should be used as a kind of guideline
to base clinical decisions on pieces of evidence of a low-
er level [15].

The classical EBM concentrates on the individual pa-
tient and is heavily criticised for this narrow focus [43].
The EBM approach has been expanded to include the
view to populations and their optimal care, coining the
expression evidence-based health care (EBHC) [44].
This broader view is necessary and becomes increasingly
more important under the present discussion of rationing
medical care.

Instead of relying on original literature, the use of
secondary literature (e.g. journals like EBM or systemat-
ic reviews, as produced by the CC) may offer a better,
more realistic choice. Especially the CC, in a tremendous
worldwide effort, aims to prepare, maintain and dissemi-
nate systematic reviews on the effects of health care,
which in near future should offer a knowledge base al-
lowing a major step forward towards a science-based
medical decision making.

The deficiencies of the transfer process of scientific
medical knowledge into medical practice facilitate fairly
homogeneous decisions by single practitioners or in sin-
gle hospitals, but lead to considerable between-practitio-
ners or between-hospital variation, resulting in different
decisions under absolutely identical conditions. Basing
the everyday decision making on scientific, readily
available knowledge should reduce the variability and
thus lead to an improved health care.

These statements have to be seen in connection with
the growing information crisis, with an exponentially
growing knowledge and the transition from publications
on paper to electronic media, largely based on the inter-
net [45]. Huge changes have to be expected in the future,
presenting medical knowledge to the public and to pa-
tients (the e-patient, the electronically informed-patient),
thus leading to absolutely new challenges for the medical
profession. The concepts of EBM provide helpful tools
to cope with these new challenges.
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Appendix I [24, 25]

1. Are the results of the study valid?

Primary guides

Was there an independent, blind comparison with a refer-
ence standard?

Did the patient sample include an appropriate spec-
trum of patients to whom the diagnostic test will be ap-
plied in clinical practice?

Secondary guides

Did the results of the test being evaluated influence the
decision to perform the reference standard?

Were the methods for performing the test described in
sufficient detail to permit replication?

2. What are the results?

Are likelihood ratios for the test results presented or data
necessary for their calculation provided?

3. Will the results help me in caring for my patients?

Will the reproducibility of the test result and its interpre-
tation be satisfactory in my setting?
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Are the results applicable to my patient?
Will the results change my management?
Will patients be better of as a result of the test?

Appendix II [26, 27]

1. Are the results of the study valid?

Primary guides

Was the assignment of patients to treatment groups ran-
domised?

Were all patients who entered the trial properly ac-
counted for and attributed at its conclusion?

Was follow-up complete?
Were all patients analysed in the groups to which they

were randomised?

Secondary guides

Were all patients, health workers and study personnel
blinded to treatment?

Were the groups similar at the start of the trial?
Aside from the experimental intervention, were the

groups treated equally?

2. What are the results?

How large was the treatment effect?
How precise was the estimate of the treatment effect?

3. Will the results help me in caring for my patients?

Can the results be applied to my patient care?
Were all clinically important outcomes considered?
Are the likely treatment benefits worth the potential

harms and costs?
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