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Abstract
Background: It is often stated that external validity is not sufficiently considered in the assessment
of clinical studies. Although tools for its evaluation have been established, there is a lack of
awareness of their significance and application. In this article, a comprehensive checklist is
presented addressing these relevant criteria.

Methods: The checklist was developed by listing the most commonly used assessment criteria for
clinical studies. Additionally, specific lists for individual applications were included. The categories
of biases of internal validity (selection, performance, attrition and detection bias) correspond to
structural, treatment-related and observational differences between the test and control groups.
Analogously, we have extended these categories to address external validity and model validity,
regarding similarity between the study population/conditions and the general population/conditions
related to structure, treatment and observation.

Results: A checklist is presented, in which the evaluation criteria concerning external validity and
model validity are systemised and transformed into a questionnaire format.

Conclusion: The checklist presented in this article can be applied to both planning and evaluating
of clinical studies. We encourage the prospective user to modify the checklists according to the
respective application and research question. The higher expenditure needed for the evaluation of
clinical studies in systematic reviews is justified, particularly in the light of the influential nature of
their conclusions on therapeutic decisions and the creation of clinical guidelines.
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Background
It is known that clinical studies can generate discordant
results. This observation is addressed scientifically in vari-
ous ways. Deviant study results may be understood as an
expression of spreading or scattering from a supposed true
value (whereas deviation depends on the precision of the
methods). An alternative approach is to explain differ-
ences not statistically but by way of content [1]. In consid-
ering individual studies, there should be an estimate to
what extent the study conclusions are distorted by system-
atic factors of bias. Here the focus lies usually on so called
internal validity, the comparability of test and control
groups. (Detailed definitions of internal validity and
other validity categories are given in the methods section).
When assessing internal validity a differentiation is made
between the following factors:

� Selection bias: differences between test and control
population regarding their structural composition, e.g. in
terms of age, gender, duration and severity of illness and
others.

� Performance bias: differences in the treatment apart
from the intervention tested, e.g. more contact, attention
or efforts in the verum group.

� Detection bias: differences in observation of outcome
parameters, e.g. due to inadequate blinding and respective
expectations by assessors, due to training effects or others.

� Attrition bias: related to differences in dropouts
between test and control group.

The goal is to gain the largest possible level of structural,
treatment-related and observational similarity between
test and control groups through randomisation and blind-
ing, with a subsequent evaluation following the "inten-
tion to treat" (ITT) principle [1-3]. Studies with relative
good avoidance of selection, performance, attrition and
detection bias, in relation to the test and control popula-
tions, are classified as internally valid. Scoring systems
have been developed to support the evaluation of internal
validity (e.g., the Jadad Score) [4-6] and assessment crite-
ria of internal validity are also reflected in the EBM hierar-
chy of study types [7-9]. In contrast, aspects of external
validity that refer to the comparability between the study
population and the general population of interest are
often neglected in quality assessment and are usually not
considered as having a possible distortive effect on an arti-
cle's conclusion [10,11]. Rothwell stated in 2005 [11]:
"There is concern among clinicians that external validity is
often poor [...]. Yet researchers, funding agencies, ethics
committees, the pharmaceutical industry, medical jour-
nals, and governmental regulators alike all neglect exter-
nal validity, leaving clinicians to make judgments.

However, reporting of the determinants of external valid-
ity in trial publications and systematic reviews is usually
inadequate [...]."

Factors that can lower the representativeness of a study
population and thus the external validity are for example:

� Process of consenting: patients who give their consent
to participate have been shown to differ largely in severity
of illness and other parameters to those who do not give
their consent [12,13].

� Consenting and selection criteria: Emmerich et al. [14]
interpret the fact that only 7–8% of possible study partic-
ipants were included in a study in that way that the study
population was highly selected, well motivated with good
levels of compliance and better probable outcomes than
the "real-life" patients. The most frequent exclusion crite-
ria were relative contraindications to the study interven-
tion and refusal of participants.

� Patients' preferences: Protheroe et al. [15] showed that
the discrepancy between clinical guidelines and their prac-
tical application becomes larger when patient preferences
are considered. According to their decision analysis only
60% of patients with atrial fibrillation had preferred anti-
coagulation, which was far less than those who would
have been recommended by guidelines (up to 90%).
When interpreting data on patients' preferences one
should consider that answers in questionnaires or inter-
views are often discordant with actual decisions.

� Furthermore, commonly neglected factors that limit the
validity of study results, according to Rothwell [11], are as
varied as differences in health care systems, national char-
acteristics and regulations, characteristics of the participat-
ing centres and the level of physicians' specialisation (for
example, being limited to "special care units").

Regarding such contextual differences one should also
distinguish, on the one hand, services' ability to
deliver and, on the other hand, clients' uptake and
potential to benefit.

� Other factors include the choice of outcomes: surrogate
parameters, e.g. laboratory values instead of clinical val-
ues, and relevant parameters for the patient (general and
mental health, emotional balance, vitality and quality of
life), all of which are seldom charted in randomised con-
trolled trials (RCTs).

Rothwell suggests that there should be a stronger consid-
eration of external validity criteria in the evaluation of
clinical studies, even in guidelines such as the CONSORT
[16] or Cochrane Collaboration guidelines [2]. This issue
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was taken up by Glasgow and colleagues [17] in 2005.
Concrete proposals for assessing generalisability in trials
of health care interventions were made by Bonell et al. in
2006 [18].

The tools required to evaluate external validity are, in
principle, not new – the relevant criteria have been used
in methodology lectures for medical students, and are
found in many guidelines for the evaluation of clinical
studies. It seems, however, that there is a deficit in both
the awareness of the actual necessity for this evaluation
process and in the actual application of the assessment cri-
teria.

With this article, we present a checklist that encompasses
the most important quality assessment criteria regarding
external validity and model validity criteria. These criteria
have been systematised and have been formulated in
operable questions.

Methods
The checklist has been developed by listing the most com-
monly used assessment criteria for clinical studies [2-
4,9,11,16,19-38] and by using specific criteria lists for
individual applications. These include, for example: surgi-
cal interventions [39], so-called practical clinical studies
which are characterised particularly by a larger amount of
heterogeneity of population, intervention and outcome
criteria [40], observational studies [41], single case analy-
ses of oncology patients [28], the aforementioned criteria
regarding external validity published by Rothwell [11],
and model validity published by Wein [37], and our own
assessment criteria: We extrapolated key elements from
internal validity to external validity, adapting them where
necessary. We integrated questions from the above men-
tioned lists into the scheme of external validity and added
criteria derived from the practical experience of the
authors (clinical as well as methodological experts). We
tested the checklist on two occasions when performing
systematic reviews [42,43].

The systemisation of the criteria has been carried out using
the "PICOS" categories (Population, Intervention, Con-
trol, Outcome, Setting), and by using the assessment cate-
gories regarding internal validity, external validity, model
validity, and general study quality. In the following only
the essential aspects of external and model validity are
pursued.

Definitions
� The term "internal validity" (IV) refers to the "confi-
dence that the trial design, conduct, and analysis has min-
imized or avoided biases in its treatment comparison"
[44] and is considered as "a measure of the strength of the
association between exposure or intervention and out-

come within a study" [9]. Internal validity relates to all
comparisons made between the test intervention and the
controls, not only in RCTs.

� The term "external validity" (EV) refers to generalisabil-
ity (i.e. the extent to which the effects observed in a study
truly reflect what can be expected in a target population
beyond the people included in the study [2]), which
includes the possibility to transfer and apply study results
to a distinct population/decision and patient's situation.
The most important criteria are conformity with everyday
practice and clinical relevance. Difficulties in assessing EV
derive from the point that the target population and target
setting – for which the study claims to be valid – is com-
monly not described explicitly. The so-called everyday
practice or everyday efficacy is sometimes hard to define
as well. Moreover this outer context may change with time
(e.g. mutation of infectious agents).

A good external validity in a sense of an adequate
reflection of reality (is it correct?) does not necessarily
mean a good (external) utility in a sense of a useful
reflection of reality (what is it good for? e.g. in terms
of patients' quantity and quality of life)

� The term "model validity" indicates the concordance
between the study design and an ideal setting, e.g. the
"state of the art" procedures (see Wein [37]).

The differentiation between EV and MV is not very wide
spread. The distinction between everyday conditions and
ideal conditions becomes important when switching the
focus from the confirmation of an efficacy in principle to
the question of a broader application of an intervention
("everyday effectiveness"). In the first, it is important to
have ideal conditions such as well trained and highly
experienced therapists, a population which is supposed to
be very sensitive to the intervention, outcome parameters
that reflect the intervention effect the best and a setting
that ensures an optimal compliance (e.g. application of a
medication by intravenous infusion in a hospital instead
of oral application at home). In the second, factors such
as practicability of an intervention (e.g. by GPs), accessi-
bility for patients to an intervention, frequency of con-
comitant diseases and medications, which may be
contraindications to the intervention, patients' and thera-
pists' preferences and others become more important.

It is often assumed that statements or conclusions con-
cerning the efficacy are solely related to IV, and EV can
only be used to generate statements concerning the extent
of validity (or limits of generalisation). However, we take
the position that insufficient MV and also EV can distort
statements concerning the efficacy/effectiveness. For this
reason, the possibilities of bias, in analogy to the IV, have
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been carried over into the categories of EV and MV. The
principle of this extrapolation is shown in table 1, where
the contrasting aspects between internal and external
validity in respect of the above mentioned bias factors is
compiled.

Results
The checklists for assessing external and model validity
are compiled in table 2 and 3.

To answer the questions regarding the EV and the MV, cer-
tain information should be collected (table 4).

Beside the use in a sequential form as seen in table 2 and
3 one can also consider a parallel form (Figure 1).

The complete questionnaires (including those for internal
validity and general study quality) can be obtained by
authors.

Discussion
With this compilation of important parameters for MV
and EV we propose a checklist, which on the one hand can
be used for planning and on the other hand for evaluation
of clinical studies. We would like to stress that adjust-
ments or even more extensive modifications can be neces-
sary according to the concrete questions of interest.
According to our experience in most studies only a few
aspects are crucial for the quality of the validities, while
others are only of marginal importance. Some studies may
lose their significance and relevance due to one single cru-
cial error while other studies will not despite several but
less important parameters judged as insufficient. Estab-
lishing and using scores harbours the risk of pseudo-accu-
racy. Therefore we rather suggest a descriptive evaluation,
where scores should only be used to verify one's own eval-
uation.

The parameters necessary for the evaluation of the EV and
MV should be discussed for each research question and
application individually. The validity of data needed to
determine these criteria is another crucial point. We rec-
ommend to avail oneself of the principles of maximal and
minimal contrasting as they have worked out well in qual-
itative research strategies: to look for perspectives on a
chosen item as different as possible for maximal contrast
(e.g. therapists, methodological experts, patients and rela-
tives in respect to a special disease) and to look for at least
2 representatives of each perspective for minimal contrast-
ing. (General perspectives would be those of bearing
responsibility for a decision/deed, implementing it and
being affected by it). Gathering the data can be done by
questionnaires or structured interviews using the items of
the checklists (table 4). As for the validity of these col-
lected data it appears adequate from a pragmatic point of

view to consider congruent answers as reliable and deduct
the reference data from them, whereas incongruent
answers require further analysis. Published data on epide-
miology or about clinical studies should be included in
the process of compiling reference data. It can be expected
that with more thorough consideration of the criteria for
EV and MV in study designs future data will have higher
validity. As a further result of systematic collected data
according to a checklist gaps of knowledge may become
evident that could possibly be addressed by additional
investigations or studies.

When applying criteria of IV, EV and MV mostly not all of
these criteria will be fulfilled to the same extent. That
means that studies will usually not be "optimal". Which
aspect will be prioritised depends on the question of the
study. In the systematic reviews we performed using the
checklist for EV and MV [41,42] we identified other stud-
ies as being of high quality than using criteria of IV alone.
Most of the studies only considered aspects of IV. In one
review [42] the assessment of effectiveness changed in
favour to the treatment when prioritising aspects of exter-
nal validity.

An explanatory study investigating causal connections
(e.g. efficacy) will focus on IV although EV and MV should
not be neglected, whereas in health-care research the pre-
sented aspects of EV should be of primary importance. To
obtain a high IV or MV the study population should be as
homogeneous as possible, while in evaluating EV it is of
great interest to what extent the intervention is also appli-
cable among a heterogeneous population and under het-
erogeneous conditions, particularly with concomitant
diseases and co-medications. Homogeneity within a
group is usually attained by restrictive inclusion and
exclusion criteria, homogeneity and comparability
between groups by randomisation. With regard to IV it is
the best method since randomisation is the only adequate
means to reduce the risk of the unequal distribution of
unknown confounding factors. EV is, as presented above,
with high probability affected by the randomisation
[11,14,15].

Furthermore, it can be assumed that the MV (which may
be already distorted through the selection process alone)
will be impaired since the ethically and methodically
requested prerequisites for the randomisation – the so-
called equipoise, i.e. the unbiased position of the investi-
gator in respect of intervention and control – may not be
sufficiently fulfilled. Great experience (high MV!) presum-
ably comes along with therapist's preference for a certain
intervention, which may interfere with the required neu-
trality towards the treatment options. To consider the
therapy preferences of the physician and the patient
within a study corresponds to a high MV and EV.
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Table 1: System of bias factors, which may affect internal and external validity

Bias factors Internal validity External validity/generalisability

Selection bias Problem Treatment and control group are different, e.g. 
differences in age, severity of disease

Study group and "target group" are different, study 
group is not representative, e.g. differences in age, 
severity of disease

Solution Randomisation, matched pairs Identification (and adjustment as far as possible) of 
relevant epidemiological factors, e.g. by comparison 
with patients who have not consented in the study

False negative/positive results may occur: –: relevant distinctions/subgroups unknown → 
levelled outcome
+: e.g. treatment group with more "responders"

+/–: e.g. study group with more advanced disease 
(university hospital)
+: e.g. study group without concomitant diseases 
(better prognosis than "usual" patients)

Key questions Is randomisation adequate?
Are (known) relevant factors distributed equally?

Are relevant epidemiological factors taken into 
account?

Performance bias Problem Apart from the intervention tested, groups are 
treated differently

Study treatment does not reflect the actual 
variability in managing disease and patients' 
problems

Solution Blinding, documentation of possible differences, 
change to open label design (COLA design)

Treatment as realistic as possible with 
individualised modification if necessary (pragmatic 
controlled trials)

False negative/positive results my occur: –: concomitant therapy in control group; non 
compliance in verum group;
+: concomitant therapy in verum group

+: high compliance (e.g. in hospitals); highly 
specialised therapists; high dosages of medication
–: relevant context factors are missing (patient-
therapists relationship, accessibility to therapy); 
inexperienced therapists; low dosages of 
medication

Key questions Is blinding adequate and checked? Are concomitant 
interventions documented?

Are realistic interventions applied which are 
carried out by physicians in everyday practice?

Attrition bias Problem Drop out rates between groups are different or 
that large that analysis is not reliable any more

Drop out rates between study group an target 
group are different, e.g. different compliance and/or 
motivation

Solution Intention to treat analysis (note: drop out rates > 
10 % have a high risk of bias)

Compliance control and assessment

False negative/positive results may occur: – : intention to treat analyses
+: drop out rates are higher in treatment group 
(with per protocol analyses)

–: drop outs due to adverse effects (and intention 
to treat analysis)
+: drop outs due to ineffectiveness of therapy (and 
per protocol analysis)

Key questions Is the drop out rate documented? Are adequate 
analyses performed?

Are the reasons for dropping out documented? Do 
the reasons for dropping out have an impact on the 
assessment of compliance, effectiveness or safety?

Detection bias Problem Differences in the perception of outcome 
parameters between groups and within the the 
course of the study

Outcome parameters and/or length of follow up 
have no practical relevance to patients' problems

Solution Blinding of assessors; if blinding is not possible: 
assessment of two independent persons; objective 
parameters

Selection of clinically relevant and generally 
available outcome parameters; adequate length of 
follow up

False negative/positive results may occur: –/+: inadequate blinding and respective 
expectations by assessors

–: outcome parameters do not reflect actual 
improvement; inadequate follow up
+: significant but irrelevant outcomes

Key questions Blinding procedures of assessors adequate? 
Independent assessors?

Are outcome parameters, length of follow up and 
detected differences relevant?
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Table 2: Questions for assessing external validity (EV)

Categories Items + (+) - c.b.e.

Study population – assessment of 
selection bias (related to EV)

• To what extent do the inclusion and exclusion criteria (where relevant, other 
selection criteria) define the "everyday or target population" of the intervention?

• Does the applied diagnostic procedure reflect everyday conditions and the everyday 
possibilities (access, necessity) respectively?

• Are the diagnostic procedures and evaluations performed by persons with similar 
qualification and experience as in everyday practice?

• Does the study population reflect the everyday population in terms of:

❍ Severity of the illness

❍ Duration of illness

❍ Intra-individual variability

❍ Age

❍ Gender

❍ Further socio-demographic characteristics

❍ Therapy preferences and expectations

❍ Symptoms of side effects of the interventions

❍ Accompanying illnesses

❍ Accompanying medication

❍ Further prognostic or therapy relevant parameters?

• Has the structural similarity between the study and the everyday population or target 
population been tested?

Intervention und control – 
assessment of performance bias 
(related to EV)

• Does the preparation (medication, other medicinal products, other kind of 
interventions) reflect the usual treatment?

• In case of medication, does the dosage reflect the usual treatment? (Is dose 
modification possible?)

• Does the type of administration reflect the usual treatment?

• Does the intervention duration reflect the usual treatment duration?
Page 6 of 13
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• Are the permitted accompanying treatments the usual accompanying treatments?

• Does the study situation reflect the common treatment situation?

• Are the interventions carried out by therapists with similar qualifications and 
experience as in everyday practice?

Outcome measurements, results 
and evaluation – assessment of 
detection and attrition bias (related 
to EV)

• Are the chosen outcomes practice and patient relevant? (E.g. no surrogate parameter, 
are individual therapy goals defined?)

• Were the following important outcomes considered: quality of life, subjective health, 
patient's general evaluations, compliance, reasons for dropout, use of accompanying 
treatments, rebound effect following termination of treatment (or, for example, 
symptom deceit)?

• Are the test procedures used in usual practice?

• Are the tests and evaluations performed by persons with similar qualifications and 
experience as in every day practice?

• Are the differences clinically relevant?

• Were sufficient data collected to cover the intra-individual variability?

• Do the test conditions reflect the everyday practice?

• Does the dropout rate reflect everyday experience? Are the reasons for dropout 
registered (e.g. adverse effects, insufficient effect), so that the significance for the 
everyday effectiveness can be assessed?

• Is clinical relevance considered in the conclusion?

Study design and Setting (related to 
EV)

• Is the research question clinically relevant?

• Does the study design ensure a high EV?

• Does the study setting reflect the everyday conditions?

• Are the investigators the regular contact persons (e.g. GP or relevant clinic doctor, or 
are they at least comparable in terms of training, status, experience, preferences; does 
the number of contact people reflect the usual setting)?

• Does the doctor/therapist-patient relationship reflect the everyday conditions (e.g. 
frequency of contact, constant contact person)?

+ Matches completely/is completely fulfilled
(+) Matches incompletely but sufficiently/is only partly but sufficiently fulfilled
- Does not match or matches insufficiently/is insufficiently fulfilled
c.b.e. Can not be evaluated

Table 2: Questions for assessing external validity (EV) (Continued)
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Table 3: Questions for assessing model validity (MV)

Categories Items + (+) - c.b.e.

Study population – assessment of selection bias (related to MV) • To what extent do the inclusion and exclusion criteria and, where relevant, 
other selection criteria define an optimal population with respect to the test 
intervention? (An optimal population will show the highest benefit from the 
applied intervention).

• Is the applied diagnosis and/or classification relevant for the intervention?

• Are relevant subgroups considered?

• Does the diagnostic procedure optimally reflect the aptitude for the 
intervention?

• Are the diagnostic procedures performed by qualified and experienced 
physicians?

• Does the study population reflect the ideal population in terms of:

❍ Severity of the illness

❍ Duration of the illness

❍ Intra-individual variability

❍ Age

❍ Gender

❍ Further socio-demographic characteristics

❍ Therapy preferences and expectations

❍ Symptoms of the side effects of the interventions

❍ Accompanying illnesses

❍ Accompanying medication

❍ Further prognostic or therapy relevant parameters? (The above listed 
factors can influence the measurement of outcomes so that floor/ceiling-
effects may occur)

• (Is the structural similarity between the study population and the ideal 
population for the intervention tested? – A fairly hypothetical question)

Intervention und control – assessment of performance bias (related 
to MV)

• Is the investigational intervention the optimal treatment?

• In case of medication, is the dosage the optimal treatment?
Page 8 of 13
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• Is the application the optimal treatment?

• Is the intervention duration the optimal treatment duration? (Are there 
signs of marketing strategies of pharmaceutical companies?)

• Are the permitted accompanying treatments the optimal accompanying 
treatments?

• Are the study conditions the optimal conditions for the intervention?

• Are the interventions carried out by qualified and experienced therapists?

Outcome measurements, results and evaluation – assessment of 
detection and attrition bias (related to MV)

• Do the outcome parameters reflect the effects of the intervention in the 
best possible manner? (Also consider here floor/ceiling effects).

• Do the applied test procedures best reflect the chosen outcomes of 
intervention effects?

• Are the test conditions appropriate to optimally evaluate the intervention 
efficacy?

• Is the length of follow-up sufficient to detect the intervention effects 
(including adverse effects and rebound effects following termination of the 
treatment)?

• Is there an analysis carried out that considers the actually applied treatment 
interventions (PP analysis)?

• Are tests and evaluations carried out by qualified and experienced 
examiners?

• (Retrospectively, were optimal conditions given for the identification of the 
intervention efficacy?)

Study design and setting (related to MV) • Does the research question reflect the optimal conditions for the 
intervention?

• Does the study design ensure a high level of MV?

• Does the study setting reflect the optimal treatment conditions?

• Do the therapists/investigators have adequate experience with the 
intervention or the indication in question?

• Do therapists/investigators and patient have a positive attitude towards the 
intervention?

+ Matches completely/is completely fulfilled
(+) Matches incompletely but sufficiently/is only partly but sufficiently fulfilled
- Does not match or matches insufficiently/is insufficiently fulfilled
c.b.e. Can not be evaluated

Table 3: Questions for assessing model validity (MV) (Continued)
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Table 4: Information to be collected for ascertaining reference values for external validity (EV) and model validity (MV)

Categories Items

Study population • Characterisation of the routine and optimal indication and population, respectively for the therapy (where appropriate 
with modifications); for what kind of patients with the same or similar conditions are alternative therapies favoured?
• Which diagnostic tests are routinely used in the diagnostic procedure?
• Where possible, typical and optimal patient characterisation in relation to:

❍ Severity of the illness
❍ Duration of illness
❍ Intra-individual variability
❍ Age
❍ Gender
❍ Further socio-demographic characteristics
❍ Therapy preferences and expectations
❍ Symptoms of adverse effects of the interventions
❍ Accompanying illnesses
❍ Accompanying medication
❍ Further prognostic or therapy relevant parameters?

• Therapy expectation for the "everyday" or "optimal" population (are these discussed with the patients)? Data on course 
of illness without treatment?
• Other than the aforementioned characteristics?
• Which patients are not suitable for the intervention and why?

Intervention und Control • Which are the most commonly prescribed or best effective drugs/interventions for the indication/illness in question 
(gold-standard), and how do they differ from the investigational drug/intervention? When will the study intervention be 
selected, when the therapy alternative?
• In case of medication, usual dosage of the therapy; is this related to the optimal effect? (Or is this a reduced dose due to 
adverse effects?)
• Routine method of application of the therapy, is this also the optimal application?
• Routine therapy duration? (Or by continuous application: after which period of time is a treatment-free interval 
considered? When are possible changes to alternative medications considered?)
• Usual accompanying treatments in the therapy of the illness?
• Usual accompanying therapies for commonly associated illnesses? Are interactions with investigational or similar drug/
intervention known?
• Are typical characteristics of the drug/intervention known (e.g. taste, odour, or local irritation following application, 
whereby the intervention can become "un-blinded")?
• Known adverse effects of the intervention?
• Context factors of the usual or optimal interventions treatment (e.g. individual modification of therapy, therapy 
expectation of the physician and patient, kind of medical care, accessibility to the therapy)?

Outcome measurements, results and evaluation • What are the relevant outcomes for the patients (or their relatives) in practice?
• Which parameters are routinely assessed for the progress evaluation of the illness/indication?
• Which outcome measurements best reflect the intervention's efficacy?
• What are the routine assessment procedures for the chosen outcome measurements and their clinically relevant 
threshold values?
• Is intra-individual variability in illness progress accounted for?
• What are the routine conditions for the test procedure?
• What are the optimal conditions for the representation of the intervention efficacy?
• When will the intervention effect become apparent (earliest, latest)?
• When are adverse or rebound effects expected after termination of the application?
• Estimate of the compliance for the intervention (in comparison to alternative therapies), reasons for 
non-compliance or dropouts, for what reasons is the intervention terminated, after what average time 
period?
• (Questions regarding the model validity of individual studies may at best be answered by topic experts)

Study design and setting • What are the clinically relevant research questions?
• Characteristics of best cases/settings and worst cases/settings for the treatment?
• Description of the standard treatment setting (and variability), and optimal setting?
• Are there specifically relevant factors for the indication or therapy?
• Which physicians have the most experience with the intervention or the indication (practice/clinic, 
speciality, level of training, experience)?
• Typical first and subsequent contact with the intervention from the patient's perspective?
• Time and effort for medical care in routine and optimal situations? Other relevant context factors (e.g. 
trust in therapy and/or physician)?
• Time and effort for routine and optimal documentation?
• (For hypothesis testing without comparison group: Is the reference value clinically relevant?)
• Where appropriate: Consult specialists for an evaluation of the closeness to practice of individual 
studies or other factors concerning EV and MV.
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A study design satisfying the need of IV and EV could be a
4-arm study, in which two arms represent the respective
preference for the test or the control intervention – being
an open and not blinded intervention – while the other
two arms representing the randomised, blinded trial with
genuine equipoise. Further possibilities are studies with
change-to-open-label (COLA) design [24,45] or propen-
sity score analyses; a very high EV is also associated with
the formation and evaluation of medical registers. A par-
ticular ethical problem regarding the equipoise exists in
placebo controlled studies, where patients should in prin-
ciple have the confidence to receive the best therapy and
not solely to be used for the gain of knowledge (see in

addition also Horrobin [46]). Strictly speaking, to warrant
the equipoise only physicians who consider the treat-
ment-free "therapy" or placebo application to be a justi-
fied therapeutic option should carry out placebo-
controlled studies.

An intervention within a study may be altered, e.g. by
individual dose modification or accompanying treat-
ments, satisfying the needs of the everyday life reality. The
intervention itself is seen as needed, but not necessarily as
sufficient in the individual case. Study designs suitable for
these settings are "pragmatic controlled clinical trials"
[21,31,32], which are, however, deficient in IV.

Table 5Figure 1
Table 5

Table 5  - Using checklist in a parallel form (example)* 
E.g. Data regarding study population – Evaluation of selection bias: 

Extracted 

Information 

Evaluation of 

general study 

quality 

Evaluation of 

Internal Validity (IV) 

Evaluation of 

External Validity (EV) 

Evaluation of Model 

Validity (MV) 

Information to 

be gathered 

from studies, 

therapists, 

investigators, 

affected 

persons or 

participants 

Inclusion 

and

exclusion 

criteria:

 no data 

Are the inclusion 

and exclusion 

criteria clearly and 

sufficiently defined 

to allow replication? 

+ (+) - c.b.e 

Are the inclusion 

and exclusion 

criteria the same for 

the test and control 

groups?

+ (+) - c.b.e 

To what extent do 

the study population 

(defined by the 

inclusion and 

exclusion criteria) 

reflect the general 

or target 

population?

+ (+) - c.b.e 

To what extent do 

the study population 

(defined by the 

inclusion and 

exclusion criteria) 

reflect the optimal 

target population for 

the intervention? 

+ (+) - c.b.e 

Characterisation

of the typical 

and optimal 

indication for 

the intervention. 

* The complete questionnaires including assessment of internal validity and general study 
quality can be obtained by authors. 
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Naturally, the question arises whether the expenditure to
apply the presented checklist is justified. First of all we
want to emphasise that from this checklist's systematised
compilation not all aspects will need to be addressed for
a particular research question and that they also are,
though deliberately, partly redundant. Therefore, the
expenditure in the actual application will be lessened.

When using the checklist in the process of study planning
to decide which aspects should or should not be consid-
ered the already strenuous effort of this process may only
slightly increase. When applying the checklist for the eval-
uation of clinical studies, however, the expenditure is
much more time consuming compared to other, at the
present used, evaluation methods (e.g. Jadad score). How-
ever, it appears to be justified to do so considering the
expenditure in regard to personnel and funding and in
regard to the (psychological) strain for patients to partici-
pate in a study. Studies may otherwise be excluded from a
further evaluation in a meta-analysis or a systematic
review and may not be considered for generating guide-
lines for more or less formal reasons; or they will be
included due to their high IV despite a low EV. Particularly
with respect to the generation of guidelines, which have or
should have a large influence on the decisions about the
therapy, the relevant factors can not be weighted carefully
enough. Furthermore, it could be expected that the accept-
ance of guidelines will be substantially higher in clinical
application, if in the planning of the studies aspects of
external validity were already considered.

Conclusion
IV, EV and MV are important parameters when assessing
clinical studies. Since EV and MV tend to be often
neglected we have created a comprehensive checklist
addressing the different types of validity. The checklist can
be applied to both, planning and evaluating clinical stud-
ies and can be modified according to the actual research
question. It is our hope that this checklist will enhance the
consideration of particularly EV and MV in clinical trials.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions
Details of contributors:

GB: conception, design, analysis, interpretation, writing;
SMB and UW: conception, revising article; GSK: analysis,
revising article; AM: interpretation from clinical point of
view, revising article; HCV: interpretation from general
practitioner's point of view, methodological aspects, revis-
ing article; SG: interpretation from qualitative researcher's
point of view, writing article; PFM: conception, revising

article. All authors read and approved the final manu-
script.

Acknowledgements
We would like to thank Dr. Ted Drell and Dr. Vera Kalitzkus for revising 
the English text.

References
1. Greenhalgh T: How to read a paper: Papers that summarise

other papers (systematic reviews and meta-analyses).  BMJ
1997, 315:672-675.

2. Alderson P, Green S, Higgins JPT: Cochrane Reviewers’ Hand-
book 4.2.1 [updated December 2003].  In The Cochrane Library
Chichester , John Wiley & Sons Ltd.; 2004. 

3. Greenhalgh T: Assessing the methodological quality of pub-
lished papers.  Bmj 1997, 315(7103):305-308.

4. Chalmers TC, Smith H Jr., Blackburn B, Silverman B, Schroeder B,
Reitman D, Ambroz A: A method for assessing the quality of a
randomized control trial.  Control Clin Trials 1981, 2(1):31-49.

5. Jadad AR, Moher M, Browman GP, Booker L, Sigouin C, Fuentes M,
Stevens R: Systematic reviews and meta-analyses on treat-
ment of asthma: critical evaluation.  Bmj 2000,
320(7234):537-540.

6. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan
DJ, McQuay HJ: Assessing the quality of reports of randomized
clinical trials: is blinding necessary?  Control Clin Trials 1996,
17(1):1-12.

7. AHCPR: Acute pain management in adults: operative proce-
dures. Agency for Health Care Policy and Research.  Clin Pract
Guidel Quick Ref Guide Clin 1992:1-22.

8. Ollenschläger G, Helou A, Lorenz W: Kritische Bewertung von
Leitlinien.  In Lehrbuch evidenzbasierte Medizin in Klinik und Praxis
Schriftenreihe Hans Neuffer Stiftung Edited by: Kunz R, et al.. Köln ,
Deutscher ÄrzteVerlag; 2000:156-176. 

9. SIGN 50 (Scottish Intercollegiate Guidelines Network): A guideline
developer's handbook.  Edinburgh  ; 2001. 

10. Matthiessen PF: Die Therapieentscheidung des Arztes.  Z ärztl
Fortbildg Qual Gesundwes 2005, 99:269-273.

11. Rothwell PM: External validity of randomised controlled trials:
"to whom do the results of this trial apply?".  Lancet 2005,
365(9453):82-93.

12. Al-Shahi R, Vousden C, Warlow C: Bias from requiring explicit
consent from all participants in observational research: pro-
spective, population based study.  Bmj 2005, 331:942-946.

13. Junghans C, Feder G, Hemingway H, Timmis A, Jones M: Recruiting
patients to medical research: double blind randomised trial
of "opt-in" versus "opt-out" strategies.  Bmj 2005, 331:940-943.

14. Emmerich J, Le Heuzey JY, Bath PMW, Connolly SJ: Indication for
antithrombotic therapy for atrial fibrillation: reconciling the
guidelines with clinical practice.  Eur Heart J Suppl 2005,
7:C28-33.

15. Protheroe J, Fahey T, Montgomery AA, Peters TJ: The impact of
patients' preferences on the treatment of atrial fibrillation:
observational study of patient based decision analysis.  Bmj
2000, 320(7246):1380-1384.

16. Altman DG, Schulz KF, Moher D, Egger M, Davidoff F, Elbourne D,
Gotzsche PC, Lang T: The revised CONSORT statement for
reporting randomized trials: explanation and elaboration.
Ann Intern Med 2001, 134(8):663-694.

17. Glasgow RE, Magid DJ, Beck A, Ritzwoller D, Estabrooks PA: Practi-
cal clinical trials for translating research to practice: design
and measurement recommendations.  Med Care 2005,
43(6):551-557.

18. Bonell C, Oakley A, Hargreaves J, Strange V, Rees R: Assessment of
generalisability in trials of health interventions: suggested
framework and systematic review.  Bmj 2006, 333:346-349.

19. Clark JP: Qualitative research review guidelines – RATS. Mod-
ified for BioMed Central.   [http://www.biomedcentral.com/info/
ifora/rats].

20. Gill P, Dowell AC, Neal RD, Smith N, Heywood P, Wilson AE: Evi-
dence based general practice: A retrospective study of inter-
ventions in one training practice.  Bmj 1996, 312:819-821.

21. Godwin M, Ruhland L, Casson I, MacDonald S, Delva D, Birtwhistle
R, Lam M, Seguin R: Pragmatic controlled clinical trials in pri-
Page 12 of 13
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9310574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9310574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9274555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9274555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7261638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7261638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10688558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10688558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8721797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8721797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15639683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15639683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16223793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16223793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16223793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16157604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16157604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16157604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10818030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10818030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10818030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11304107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11304107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15908849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15908849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15908849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16902217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16902217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16902217
http://www.biomedcentral.com/info/ifora/rats
http://www.biomedcentral.com/info/ifora/rats
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8608291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8608291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8608291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14690550


BMC Medical Research Methodology 2006, 6:56 http://www.biomedcentral.com/1471-2288/6/56
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

mary care: the struggle between external and internal valid-
ity.  BMC Med Res Methodol 2003, 3(1):28.

22. Heusser P: Problem von Studiendesigns mit Randomisation,
Verblindung und Placebogabe.  Forsch Komplementarmed 1999,
6:89-102.

23. Heusser P: Kriterien zur Beurteilung des Nutzens von kom-
plementärmedizinischen Methoden.  Forsch Komplementarmed
Klass Naturheilkd 2001, 8:14-23.

24. Hogel J, Walach H, Gaus W: Change-to-Open-Label Design.
Proposal and discussion of a new design for clinical parallel-
group double-masked trials.  Arzneimittelforschung 1994,
44(1):97-99.

25. Hornung J, Bartsch U, Schreiber O: Kriterienkatalog für die
methodische Qualität klinischer Therapieprüfungen, Teil 1.
Forsch Komplementarmed 1994, 1(1):44-49.

26. Khan KS, ter Riet G, Popay J, Nixon J, Kleijnen J: STAGE II – Con-
ducting the review. PHASE 5 – Study quality assessment.  In
Undertaking Systematic Reviews of Research on Effectiveness Edited by:
Khan KS, ter Riet G, Glanville J, Sowden AJ, Kleijnen J. CRD Report
Number 4 (2nd Edition) ; 2001. 

27. Kiene H: Komplementäre Methodenlehre der klinischen For-
schung - Cognition-based Medicine.  Berlin Heidelberg , Springer
Verlag; 2001. 

28. Kienle GS, Hamre HJ, Portalupi E, Kiene H: Improving the quality
of therapeutic reports of single cases and case series in
oncology--criteria and checklist.  Altern Ther Health Med 2004,
10(5):68-72.

29. Moher D, Soeken K, Sampson M, Ben-Porat L, Berman B: Assessing
the quality of reports of systematic reviews in pediatric com-
plementary and alternative medicine.  BMC Pediatr 2002,
2(1):3.

30. Moher D, Soeken K, Sampson M, Ben-Porat L, Berman B: Assessing
the quality of reports of randomized trials in pediatric com-
plementary and alternative medicine.  BMC Pediatr 2002,
2(1):2.

31. Resch K: Pragmatic Randomised Controlled Trials for Com-
plex Therapies.  Forsch Komplementarmed 1998, 5 Suppl
S1:136-139.

32. Roland M, Torgerson DJ: Understanding controlled trials: What
are pragmatic trials?   Bmj 1998, 316(7127):285.

33. Roland M, Torgerson D: Understanding controlled trials: what
outcomes should be measured?  Bmj 1998, 317(7165):1075.

34. Sackett DL: Bias in analytic research.  J Chronic Dis 1979, 32:51-63.
35. Sackett D, Richardson WS, Rosenberg W, Haynes RB: Evidence

Based Medicine. How to practice and teach EBM.  New York,
Edinburgh, London , Churchill Livingstone; 1997. 

36. ter Riet G, Kessels AG: Validity checklist for clincal trials.  Com-
plement Ther Med 1997, 5:116-118.

37. Wein C: Qualitätsaspekte klinischer Studien zur Homöopa-
thie.  Essen , KVC Verlag; 2002. 

38. World Medical Association: Declaration of Helsinki. Ethical
principles for medical research involving human subjects.
http://wwwwmanet/e/policy/b3htm (2004) and Bull World Health Organ
2001, 79(4):373-374.

39. Millat B, Borie F, Fingerhut A: Patient's preference and randomi-
zation: new paradigm of evidence-based clinical research.
World J Surg 2005, 29(5):596-600.

40. Tunis SR, Stryer DB, Clancy CM: Practical clinical trials: increas-
ing the value of clinical research for decision making in clini-
cal and health policy.  Jama 2003, 290(12):1624-1632.

41. Tooth L, Ware R, Bain C, Purdie DM, Dobson A: Quality of report-
ing of observational longitudinal research.  Am J Epidemiol 2005,
161(3):280-288.

42. Bornhöft G, Maxion-Bergemann S, Matthiessen PF: Die Rolle der
externen Validität bei der Beurteilung klinischer Studien zur
Demenzbehandlung mit Ginkgo-biloba-Extrakten.  Z Gerontol
Geriatr 2006:(accepted for publication).

43. Bornhöft G, Wolf U, von Ammon K, Righetti M, Maxion-Bergemann
S, Baumgartner S, Thurneysen A, Matthiessen PF: Effectiveness,
safety and cost-effectiveness of homeopathy in general prac-
tice.  Forsch Komplementärmed 2006, 13(Suppl2):19-29.

44. Moher D, Jadad AR, Nichol G, Penman M, Tugwell P, Walsh S:
assessing the quality of randomized controlled trials: an
annotated bibliography of scales and checklists.  Controlled Clin-
ical Trials 1995, 16:62-73.

45. Walach H: Das "Change-to-open-label" (COLA)-Design:
Anpassung und Veränderung des Parallelgruppen-Blindde-
signs für die klinische Forschung.  Z Klin Psychol 1994,
23(3):213-218.

46. Horrobin DF: Are large clinical trials in rapidly lethal diseases
usually unethical?  Lancet 2003, 361(9358):695-697.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2288/6/56/prepub
Page 13 of 13
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14690550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14690550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10352372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10352372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11340310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11340310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8135885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8135885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8135885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15478788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15478788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15478788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11914146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11914146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11914146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11914145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11914145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11914145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9892844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9892844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9472515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9472515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9774302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9774302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=447779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15827836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15827836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14506122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14506122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14506122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15671260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15671260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7743790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7743790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7743790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12611394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12611394
http://www.biomedcentral.com/1471-2288/6/56/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Definitions

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

