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Summary: This narrative review provides an overview on the topic of bias as part
of a series of articles in Plastic and Reconstructive Surgery on evidence-based
medicine. Bias can occur in the planning, data collection, analysis, and publi-
cation phases of research. Understanding research bias allows readers to crit-
ically and independently review the scientific literature and avoid treatments
that are suboptimal or potentially harmful. A thorough understanding of bias
and how it affects study results is essential for the practice of evidence-based
medicine. (Plast. Reconstr. Surg. 126: 619, 2010.)

The British Medical Journal recently called ev-
idence-based medicine one of the 15 most
important milestones since the journal’s

inception.1 The concept of evidence-based medi-
cine was created in the early 1980s as clinical prac-
tice became more data-driven and literature
based.1,2 Evidence-based medicine is now an es-
sential part of medical school curriculum.3 For
plastic surgeons, the ability to practice evidence-
based medicine is limited. Too frequently, pub-
lished research in plastic surgery demonstrates
poor methodologic quality, although a gradual
trend toward higher level study designs has been
noted over the past 10 years.4,5 In order for evi-
dence-based medicine to be an effective tool, plas-
tic surgeons must critically interpret study results
and must also evaluate the rigor of study design
and identify study biases. As the leadership of Plas-
tic and Reconstructive Surgery seeks to provide higher
quality science to enhance patient safety and out-
comes, a discussion of the topic of bias is essential
for the Journal’s readers. In this article, we define
bias and identify potential sources of bias that
occur during study design, study implementation,
and data analysis and publication. We also make
recommendations on avoiding bias before, dur-
ing, and after a clinical trial.

DEFINITION AND SCOPE OF BIAS
Bias is defined as any tendency that prevents

unprejudiced consideration of a question.6 In re-
search, bias occurs when “systematic error [is] in-
troduced into sampling or testing by selecting or en-

couraging one outcome or answer over others.”7

Bias can occur at any phase of research, including
study design or data collection, and in the process of
data analysis and publication (Fig. 1). Bias is not a
dichotomous variable. Interpretation of bias can-
not be limited to a simple inquisition: is bias
present or not? Instead, reviewers of the literature
must consider the degree to which bias was pre-
vented by proper study design and implementa-
tion. As some degree of bias is nearly always
present in a published study, readers must also
consider how bias might influence a study’s
conclusions.8 Table 1 provides a summary of dif-
ferent types of bias, when they occur, and how they
might be avoided.

Chance and confounding can be quantified
and/or eliminated through proper study design and
data analysis. However, only the most rigorously con-
ducted trials can completely exclude bias as an al-
ternate explanation for an association. Unlike ran-
dom error, which results from sampling variability
and which decreases as sample size increases, bias is
independent of both sample size and statistical sig-
nificance. Bias can cause estimates of association to
be either larger or smaller than the true association.
In extreme cases, bias can cause a perceived associ-
ation that is directly opposite of the true association.
For example, before 1998, multiple observational
studies demonstrated that hormone replacement
therapy decreased risk of heart disease among post-
menopausal women.8,9 However, more recent stud-
ies, rigorously designed to minimize bias, have found

From the Section of Plastic Surgery, Department of Surgery,
University of Michigan.
Received for publication November 6, 2009; accepted De-
cember 22, 2009.
Copyright ©2010 by the American Society of Plastic Surgeons
DOI: 10.1097/PRS.0b013e3181de24bc

Disclosure: The authors have no financial interest
to declare in relation to the content of this article. Dr.
Pannucci receives salary support from the National
Institutes of Health T32 grant program (T32 GM-
08616).

www.PRSJournal.com 619



the opposite effect (i.e., an increased risk of heart
disease with hormone replacement therapy).10,11

PRETRIAL BIAS
Sources of pretrial bias include errors in study

design and in patient recruitment. These errors
can cause fatal flaws in the data that cannot be
compensated for during data analysis. In this sec-
tion, we discuss the importance of clearly defining
both risk and outcome, the necessity of standard-
ized protocols for data collection, and the con-
cepts of selection and channeling bias.

Bias during Study Design
Risk and outcome should be defined clearly be-

fore study implementation. Subjective measures,
such as the Baker grade of capsular contracture,
can have high interrater variability, and the ar-
bitrary cutoffs may make distinguishing between
groups difficult.12 This can inflate the observed
variance seen with statistical analysis, making a
statistically significant result less likely. Objec-
tive, validated risk stratification models such as
those published by Caprini13 and Davison et al.14

for venous thromboembolism, or standardized out-
comes measures such as the Breast-Q,15 should have
lower interrater variability and are more appropriate
for use. When risk or exposure is retrospectively iden-
tified by means of medical chart review, it is prudent to
cross-reference data sources for confirmation. For ex-
ample, a chart reviewer should confirm a patient-re-
ported history of sacral pressure ulcer closure with
physical examination findings and by review of an op-
erative report; this will decrease discrepancies when
compared with using a single data source.

Data collection methods may include ques-
tionnaires, structured interviews, physical exami-
nation, laboratory or imaging data, or medical
chart review. Standardized protocols for data col-
lection, including training of study personnel, can
minimize interobserver variability when multiple
individuals are gathering and entering data. Blind-
ing of study personnel to the patient’s exposure
and outcome status or, if this is not possible, hav-
ing different examiners measure the outcome
than those who evaluated the exposure can also
decrease bias. Because of the presence of scars,
patients and those directly examining them can-
not be blinded to whether or not an operation was
received. For comparisons of functional or aes-
thetic outcomes in surgical procedures, an inde-
pendent examiner can be blinded to the type of
surgery performed. For example, a hand surgery
study comparing lag screw versus plate-and-screw
fixation of metacarpal fractures could standardize
the surgical approach (and thus the surgical scar)
and have functional outcomes assessed by a
blinded examiner who had not viewed the oper-
ative notes or radiographs. Blinded examiners can
also review imaging and confirm diagnoses with-
out examining patients.16,17

Selection Bias
Selection bias may occur during identification

of the study population. The ideal study popula-
tion is clearly defined, accessible, reliable, and at
increased risk of developing the outcome of in-
terest. When a study population is identified, se-
lection bias occurs when the criteria used to re-
cruit and enroll patients into separate study

Fig. 1. Major sources of bias in clinical research.
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cohorts are inherently different. This can be a
particular problem with case control and retro-
spective cohort studies where exposure and out-
come have already occurred at the time individ-
uals are selected for study inclusion.18 Prospective

studies (particularly randomized, controlled tri-
als) where the outcome is unknown at the time of
enrollment are less prone to selection bias.

Channeling Bias
Channeling bias occurs when patient prognos-

tic factors or degree of illness dictates the study
cohort into which patients are placed. This bias is
more likely in nonrandomized trials when patient
assignment to groups is performed by medical
personnel. Channeling bias is commonly seen in
pharmaceutical trials comparing old and new
drugs to one another.19 In surgical studies, chan-
neling bias can occur if one intervention carries a
greater inherent risk.20 For example, hand sur-
geons managing fractures may be more aggressive
with operative intervention in young, healthy in-
dividuals with low perioperative risk. Similarly, sur-
geons might tolerate imperfect reduction in the
elderly, a group at higher risk for perioperative
complications and with decreased need for per-
fect hand function. Thus, a selection bias exists for
operative intervention in young patients. Now
imagine a retrospective study of operative versus
nonoperative management of hand fractures. In
this study, young patients would be channeled into
the operative study cohort and the elderly would
be channeled into the nonoperative study cohort.

BIAS DURING THE CLINICAL TRIAL
Information bias is a blanket classification of

error in which bias occurs in the measurement of
an exposure or outcome. Thus, the information
obtained and recorded from patients in different
study groups is unequal in some way.18 Many sub-
types of information bias can occur, including in-
terviewer bias, chronology bias, recall bias, patient
loss to follow-up, bias from misclassification of pa-
tients, and performance bias.

Interviewer Bias
Interviewer bias refers to a systematic differ-

ence between how information is solicited, re-
corded, or interpreted.18,21 Interviewer bias is
more likely when disease status is known to the
interviewer. An example of this would be a patient
with Buerger disease enrolled in a case control
study that attempts to retrospectively identify risk
factors. If the interviewer is aware that the patient
has Buerger disease, he or she may probe for risk
factors, such as smoking, more extensively (“Are
you sure you’ve never smoked? Never? Not even
once?”) than in control patients. Interviewer bias
can be minimized or eliminated if the interviewer

Table 1. Tips to Avoid Different Types of Bias during
a Trial

Type of Bias How to Avoid

Pretrial bias
Flawed study design Clearly define risk and outcome,

preferably with objective or
validated methods. Standardize
and blind data collection.

Selection bias Select patients using rigorous
criteria to avoid confounding
results. Patients should
originate from the same
general population. Well-
designed, prospective studies
help to avoid selection bias, as
outcome is unknown at the
time of enrollment.

Channeling bias Assign patients to study cohorts
using rigorous criteria.

Bias during trial
Interviewer bias Standardize interviewer’s

interaction with patient. Blind
interviewer to exposure status.

Chronology bias Prospective studies can eliminate
chronology bias. Avoid using
historic controls (confounding
by secular trends).

Recall bias Use objective data sources
whenever possible. When
using subjective data sources,
corroborate with medical
record. Conduct prospective
studies because outcome is
unknown at the time of
patient enrollment.

Transfer bias Carefully design plan for
patients lost to follow-up
before the study.

Exposure
misclassification

Clearly define exposure before
the study. Avoid using proxies
of exposure.

Outcome
misclassification

Use objective diagnostic studies
or validated measures as
primary outcome.

Performance bias Consider cluster stratification to
minimize variability in surgical
technique.

Bias after trial
Citation bias Register trial with an accepted

clinical trials registry. Check
registries for similar
unpublished or in-progress
trials before publication.

Confounding Known confounders can be
controlled with study design
(case control design or
randomization) or during data
analysis (regression).
Unknown confounders can
only be controlled with
randomization.
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is blinded to the outcome of interest or if the
outcome of interest has not yet occurred, as in a
prospective trial.

Chronology Bias
Chronology bias occurs when historic controls

are used as a comparison group for patients un-
dergoing an intervention. Secular trends within
the medical system could affect how disease is
diagnosed, how treatments are administered, or
how preferred outcome measures are obtained.20

Each of these differences could act as a source of
inequality between the historic controls and in-
tervention groups. For example, many microsur-
geons currently use preoperative imaging to guide
perforator flap dissection. Imaging has been
shown to significantly reduce operative time.22 A
retrospective study of flap dissection time might
conclude that dissection time decreases as sur-
geon experience improves. More likely, the use of
preoperative imaging caused a notable reduction
in dissection time. Thus, chronology bias is
present. Chronology bias can be minimized by
conducting prospective cohort or randomized
controlled trials, or by using historic controls from
only the very recent past.

Recall Bias
Recall bias refers to the phenomenon in which

the outcomes of treatment (good or bad) may
color subjects’ recollections of events before or
during the treatment process. One common ex-
ample is the perceived association between autism
and the measles, mumps, and rubella vaccine. This
vaccine is given to children during a prominent
period of language and social development. As a
result, parents of children with autism are more
likely to recall immunization administration during
this developmental regression, and a causal relation-
ship may be perceived.23 Recall bias is most likely
when exposure and disease status are both known at
time of study, and can also be problematic when
patient interviews (or subjective assessments) are
used as a primary data source. When patient-re-
ported data are used, some investigators recom-
mend that the trial design masks the intent of ques-
tions in structured interviews or surveys and/or uses
only validated scales for data acquisition.24

Transfer Bias
In almost all clinical studies, subjects are lost

to follow-up. In these instances, investigators must
consider whether these patients are fundamen-
tally different from those retained in the study.

Researchers must also consider how to treat pa-
tients lost to follow-up in their analysis. Well-de-
signed trials usually have protocols in place to
attempt telephone or mail contact for patients
who miss clinic appointments. Transfer bias can
occur when study cohorts have unequal losses to
follow-up. This is particularly relevant in surgical
trials when study cohorts are expected to require
different follow-up regimens. Consider a study
evaluating outcomes in inferior pedicle Wise pat-
tern versus vertical scar breast reductions. Because
the Wise pattern patients often have fewer contour
problems in the immediate postoperative period,
they may be less likely to return for long-term
follow-up. By contrast, patient concerns over re-
solving skin redundancies in the vertical reduction
group may make these individuals more likely to
return for postoperative evaluations by their sur-
geons. Some authors suggest that patient loss to
follow-up can be minimized by offering conve-
nient office hours, personalized patient contact by
means of phone or e-mail, and physician visits to
the patient’s home.20,25

Bias from Misclassification of Exposure or
Outcome

Misclassification of exposure can occur if the
exposure itself is poorly defined or if proxies of
exposure are used. For example, this might occur
in a study evaluating the efficacy of becaplermin
(Regranex; Systagenix Wound Management,
Quincy, Mass.) versus saline dressings for man-
agement of diabetic foot ulcers. Significantly dif-
ferent results might be obtained if the becapler-
min cohort of patients included those prescribed
the medication, rather than patients directly ob-
served to be applying the medication. Similarly,
misclassification of outcome can occur if nonob-
jective measures are used. For example, clinical
signs and symptoms are notoriously unreliable in-
dicators of venous thromboembolism. Patients are
accurately diagnosed by physical examination less
than 50 percent of the time.26 Thus, using the
Homans sign (calf pain elicited by extreme dor-
siflexion) or pleuritic chest pain as study measures
for deep venous thrombosis or pulmonary embo-
lus would be inappropriate. Venous thromboem-
bolism is appropriately diagnosed using objective
tests with high sensitivity and specificity, such as
duplex ultrasound or spiral computed tomo-
graphic scanning.27–29

Performance Bias
In surgical trials, performance bias may com-

plicate efforts to establish a cause-and-effect rela-
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tionship between procedures and outcomes. As
plastic surgeons, we are all aware that surgery is
rarely standardized and that technical variability
occurs between surgeons and among a single sur-
geon’s cases. Variations by surgeon commonly oc-
cur in surgical plan, flow of operation, and tech-
nical maneuvers used to achieve the desired result.
The surgeon’s experience may have a significant
effect on the outcome. To minimize or avoid per-
formance bias, investigators can consider cluster
stratification of patients, in which all patients hav-
ing an operation by one surgeon or at one hospital
are placed into the same study group, as opposed to
placing individual patients into groups. This will
minimize performance variability within groups and
decrease performance bias. Cluster stratification of
patients may allow surgeons to perform only the
surgery with which they are most comfortable or
experienced, providing a more valid assessment of
the procedures being evaluated. If the operation in
question has a steep learning curve, cluster stratifi-
cation may make generalization of study results to
the everyday plastic surgeon difficult.

BIAS AFTER A TRIAL
Bias after a trial’s conclusion can occur during

data analysis or publication. In this section, we
discuss citation bias, evaluate the role of con-
founding in data analysis, and provide a brief dis-
cussion of internal and external validity.

Citation Bias
Citation bias refers to the fact that researchers

and trial sponsors may be unwilling to publish
unfavorable results, believing that such findings
may negatively reflect on their personal abilities or
on the efficacy of their product. Thus, positive
results are more likely to be submitted for publi-
cation than negative results. In addition, existing
inequalities in the medical literature may sway
clinicians’ opinions of the expected trial results
before or during a trial. In recognition of citation
bias, the International Committee of Medical
Journal Editors released a consensus statement in
200430 that required all randomized controlled
trials to be preregistered with an approved clini-
cal trials registry. In 2007, a second consensus
statement31 required that all prospective trials not
deemed purely observational be registered with a
central clinical trials registry before patient en-
rollment. International Committee of Medical
Journal Editors member journals will not publish
studies that are not registered in advance with one
of five accepted registries. Despite these measures,

citation bias has not been completely eliminated.
Although centralized documentation provides
medical researchers with information about un-
published trials, investigators may be left to only
speculate as to the results of these studies.

Confounding
Confounding occurs when an observed asso-

ciation is attributable to three factors: the expo-
sure, the outcome of interest, and a third factor
that is independently associated with both the out-
come of interest and the exposure.18 Examples of
confounders include observed associations be-
tween coffee drinking and heart attack (con-
founded by smoking) and the association between
income and health status (confounded by access
to care). Pretrial study design is the preferred
method to control for confounding. Before the
study, matching patients for demographics (such
as age or gender) and risk factors (such as body
mass index or smoking) can create similar cohorts
among identified confounders. However, the ef-
fect of unmeasured or unknown confounders may
only be controlled by true randomization in a
study with a large sample size. After a study’s con-
clusion, identified confounders can be controlled
for by analyzing for an association between expo-
sure and outcome only in cohorts similar for the
identified confounding factor. For example, in a
study comparing outcomes for various breast re-
construction options, the results might be con-
founded by the timing of the reconstruction (i.e.,
immediate versus delayed procedures). In other
words, procedure type and timing may have both
significant and independent effects on breast re-
construction outcomes. One approach to this con-
founding would be to compare outcomes by pro-
cedure type separately for immediate and delayed
reconstruction patients. This maneuver is com-
monly termed a “stratified” analysis. Stratified
analyses are limited if multiple confounders are
present or if sample size is small. Multivariable
regression analysis can also be used to control for
identified confounders during data analysis. The
role of unidentified confounders cannot be con-
trolled for using statistical analysis.

Internal versus External Validity
Internal validity refers to the reliability or ac-

curacy of the study results. A study’s internal va-
lidity reflects the author’s and reviewer’s confi-
dence that study design, implementation, and
data analysis have minimized or eliminated bias
and that the findings are representative of the true
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association between exposure and outcome.
When evaluating studies, careful review of study
methodology for sources of bias discussed above
enables the reader to evaluate internal validity.
Studies with high internal validity are often ex-
planatory trials, those designed to test the efficacy
of a specific intervention under idealized condi-
tions in a highly selected population. However,
high internal validity often comes at the expense
of ability to be generalized. For example, although
supramicrosurgery techniques, defined as anasto-
mosis of vessels smaller than 0.5 to 0.8 mm in
diameter, have been shown to be technically pos-
sible in high-volume microsurgery centers32–34

(high internal validity), it is unlikely that the ma-
jority of plastic surgeons could perform this op-
eration with an acceptable rate of flap loss.

External validity of research design deals with
the degree to which findings are able to be gen-
eralized to other groups or populations. In con-
trast with explanatory trials, pragmatic trials are
designed to assess the benefits of interventions
under real clinical conditions. These studies usu-
ally include study populations generated using
minimal exclusion criteria, making them very sim-
ilar to the general population. Although prag-
matic trials have high external validity, loose in-
clusion criteria may compromise the study’s
internal validity. When reviewing scientific litera-
ture, readers should assess whether the research
methods preclude generalization of the study’s
findings to other patient populations. In making
this decision, readers must consider differences
between the source population (population from
which the study population originated) and the
study population (those included in the study). In
addition, it is important to distinguish limited abil-
ity to be generalized because of a selective patient
population from true bias.8

When designing trials, achieving balance be-
tween internal and external validity is difficult. An
ideal trial design would randomize patients and
blind those collecting and analyzing data (high
internal validity), and keep exclusion criteria to a
minimum, thus making study and source popula-
tions closely related and allowing generalization of
results (high external validity).35 For those evalu-
ating the literature, objective models exist to quan-
tify both external and internal validity. Conceptual
models to assess a study’s ability to be generalized
have been developed.36 In addition, qualitative
checklists can be used to assess the external va-
lidity of clinical trials. These can be used by in-
vestigators to improve study design and also by
those reading published studies.37

The importance of internal validity is reflected
in the existing concept of “levels of evidence,”5

where more rigorously designed trials produce
higher levels of evidence. Such high-level studies can
be evaluated using the Jadad scoring system, an es-
tablished, rigorous means of assessing the method-
ologic quality and internal validity of clinical trials.38

Even so-called standard randomized controlled tri-
als can be undermined by poor study design. Like all
studies, randomized controlled trials must be rigor-
ously evaluated. Descriptions of study methods
should include details on the randomization pro-
cess, method(s) of blinding, treatment of incom-
plete outcome data, and funding source(s), and
should include data on statistically insignificant
outcomes.39 Authors who provide incomplete trial
information can create additional bias after a trial
ends; readers are not able to evaluate the trial’s in-
ternal and external validity.20 The CONSORT
statement40 provides a concise 22-point checklist for
authors reporting the results of randomized con-
trolled trials. Articles that conform to the CON-
SORT checklist will provide adequate information
for readers to understand the study’s methodology.
As a result, readers can make independent judg-
ments on the trial’s internal and external validity.

CONCLUSIONS
Bias can occur in the planning, data collec-

tion, analysis, and publication phases of research.
Understanding research bias allows readers to crit-
ically and independently review the scientific lit-
erature and avoid treatments that are suboptimal
or potentially harmful. A thorough understanding
of bias and how it affects study results is essential
for the practice of evidence-based medicine.
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