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Forming the Research Question
Achilleas Thoma, MD, MSc, FRCS(C), FACSa,b,c,*, Leslie McKnight, MScb,
Paula McKay, BScd, Ted Haines, MD, MSc, FRCPCa

In clinical practice, when doing rounds with resi-
dents, or in academic rounds, journal clubs, or clin-
ical conferences, questions are frequently raised for
which clinicians don’t know the answer. If a litera-
ture search of various electronic databases does not
provide the answer, and the question is believed to
be clinically important, this may be the impetus
for a research project. Some of you who are working
in academic centers may encourage your resident or
fellow to pursue a research project and find the an-
swer to this question. However, the support pro-
vided to the resident or fellow may be variable,
depending on your own circumstances. It can vary
from minimal to exemplary support from a well-de-
fined, organized research team that provides biosta-
tistical and methodologic support. If the support is
minimal, it is highly unlikely this research will lead
to meaningful results. On the other hand, support
within ‘‘a well greased research group’’ makes it
more likely that the effort will lead to meaningful
findings and culminate in one or more publications.

(See the article by Thoma, Haines, Duku, McKnight,
and Goldsmith in this issue.)

The most important precondition for performing
a clinical research project in plastic surgery (or any
other surgical subspecialty) is the need to ask the
‘‘right question.’’ Although this might seem to be
an easy task, in truth it requires a lot of effort and
hard work. It may take up to a year or more before
a clear research question emerges. However, when
the question is finally formulated, much of the
work entailed in the project has already been done.

Identifying clinically relevant questions

Before beginning a research project, it is important
to consider what types of questions are worth ad-
dressing. Investigators undertake a research ques-
tion because they are not happy with the
outcomes of a particular surgical intervention or ap-
proach to a clinical problem. The intervention
question should be of importance to the patients
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because it may improve pain or ability to return to
gainful employment, or improve their quality of life
overall. Questions that need to be addressed are
ones that are clinically relevant (Box 1).

Research questions may lead to solutions to clin-
ically important problems because, from the socie-
tal perspective, current surgical interventions
consume significant health care resources. Even if
they do not consume significant resources singly,
if they are very common, cumulatively they may
do so. For example, a hand transplant may con-
sume large health care resources, but if it is per-
formed infrequently, then it will be of no great
consequence to the society. On the other hand,
hand transplantation costs at the societal level
may be dwarfed by a procedure that is less expen-
sive at the level of the individual case, such as an en-
doscopic carpal tunnel release (ECTR), which
because of its frequency cumulatively may cost
more to the society. Therefore, a research question
on the effectiveness of ECTR, rather than hand
transplantation, may be more appropriate in terms
of societal impact. Questions that do not address
a significant burden in terms of cost, prevalence,
or severity should not be considered as the motiva-
tion for clinical research activity, as they consume
time, energy, and resources which could be ex-
pended more efficiently in worthwhile projects.
This decision, however, requires judgment and
may even require expert consensus. In other words,
the difference between a clinically important ques-
tion and a trivial one may not be apparent to a nov-
ice investigator. The pursuit of scholarship,
a mentorship period, or an attachment to a research
group will enable a young investigator to learn how
to ask the important questions.

To formulate a proper clinical research question,
the investigator (who may be a surgical resident, fel-
low, or surgeon) must have extensive knowledge of
the subject matter he or she is investigating. In other
words, he or she ‘‘must know the boundary between
current knowledge and ignorance’’ [1]. The re-
searchable question comes from finding the ‘‘cut-
ting edge’’ of knowledge for a health problem you
are familiar with [1]. Before embarking on the

research project, it is important to summarize this
‘‘cutting edge evidence’’ in the form of a systematic
review (see the article by Haines, McKnight,
Duku, Perry, and Thoma in this issue).

For example, one clinical question that arose in
the authors’ surgical group was whether ECTR was
more effective than open carpal tunnel release
(OCTR) for the treatment of carpal tunnel syn-
drome. Although the authors were performing
both techniques in our clinical practice, we were
uncertain that ECTR was more effective than
OCTR. To formulate the research question, we per-
formed an extensive literature search on the subject
and familiarized ourselves with the current evi-
dence. Only when we thought we had found the
‘‘cutting edge’’ of knowledge on the subject did we
then feel comfortable developing our research ques-
tion [2]. This scholarship allowed us to carry out
a research project, in this case a meta-analysis, de-
signed to determine whether ECTR was more effec-
tive than OCTR [3]. The findings from one research
project may lead to other questions as well, provid-
ing the basis for further research. In the case of
ECTR, we wanted to know if this novel technique
was a cost-effective procedure, leading us to an eco-
nomic evaluation of ECTR versus OCTR [4].

Initial groundwork for research question
formulation

Before beginning the process of explicit formula-
tion of the research question, it is important to con-
sider several factors, bearing on whether the project
will be practicable [5]. These include: (1) the plau-
sibility of the question (whether or not it is answer-
able); (2) the feasibility of the proposed design to
answer the question; (3) the support you expect
to obtain from your surgical colleagues; and (4)
the resources available to you.

Plausibility

When evaluating the plausibility of a research ques-
tion, it is important to consider whether or not the
question is answerable. To determine plausibility,
one must have a thorough understanding of the
anatomy, biology, physiology, and prevalence of
the problem. In short, the question being asked
should be within the realm of the plastic surgeon’s
expertise. For example, it would not be plausible for
a clinical investigator to examine the outcomes of
reconstruction of the congenitally absent ear in
a parallel randomized controlled trial (RCT) com-
paring the Nagata technique [6,7] with the genetic
engineering method, because the genetic engineer-
ing methods are not advanced enough at this point
in time to regenerate an acceptable ear.

Box 1: Reasons to pursue a clinical research
question

� The intervention is novel
� The intervention consumes large health care

resources
� There is a controversy on the effectiveness of

the novel procedure (as compared with the
existing procedure)
� There is a large cost difference between two

prevailing interventions
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Feasibility of the research design

Evaluating the feasibility of a question involves de-
termining whether the study design chosen is one
that can potentially answer the research question.
There is no such thing as one best study design;
the best study design will depend on what the
question is. For example, it would be fruitless to at-
tempt to answer the question of whether smoking
affects the short-term survival of replanted digits
with an RCT design. The main barrier to using
this design is that smoking is a harmful activity. Eth-
ically, investigators cannot randomize patients to
either Group A: continue smoking, or Group B:
non-smoking after replantation of digits. For ques-
tions of harm, appropriate study designs include
case-controlled studies and cohort studies (see
the article by Sprague, McKay, and Thoma in this
issue).

Another example of a hypothetical research ques-
tion that may not be feasible to answer is whether
the supramicrosurgical reconstruction with a peri-
umbilical abdominal flap is superior to the deep
inferior epigastric perforator flap in breast recon-
struction [8]. Possible barriers to answering this re-
search question could be: the investigators don’t
know how to transfer a flap with a 0.8-mm luminal
diameter of the vascular pedicle; the investigators
don’t have the required delicate instruments to per-
form the supramicrosurgery; and the quality-of-life
scales that are available may not be sensitive
enough to capture the differential effect of the com-
peting interventions.

Another example raising issues of feasibility
would be a project in which a clinical investigator
intends to perform an RCT comparing the use of in-
termittent lower extremity pump versus low molec-
ular heparin in preventing fatal pulmonary
embolism in cosmetic abdominoplasty. Fatal pul-
monary embolism in cosmetic abdominoplasty is
a very rare event. As the frequency of the ‘‘end
points’’ is a critical factor in the sample size calcula-
tion, the rarity of the target event means that the in-
vestigator will require a sample size measured in
thousands of patients, making it unlikely that he
or she will be able to answer the proposed question.

Most clinical research is incremental in nature.
The more research that has been done previously,
the more investigators can do presently. If there
are big gaps in knowledge, it may be prudent to start
with a simpler and less expensive study design, such
as a case series or cohort study (lower level of evi-
dence), and advance from there. The appropriate
time to perform an RCT (higher level of evidence)
comparing two surgical interventions is when
a novel surgical intervention has entered the main
stream of surgery and challenges a prevailing one

(see the article by Thoma, Sprague, Temple, and
Archibald in this issue).

Support

The support we expect from our colleagues is an-
other important consideration when evaluating
a proposed research question. Because most plastic
surgeons are unlikely to have a sufficient number
of patients with the condition of interest to meet
the sample size requirements, investigators fre-
quently rely on their colleagues to contribute cases.
We may tempt them by making them collaborators
in research design and interpretation and coauthors
in future publication. Unfortunately, many plastic
surgeons are entrenched into their beliefs that their
preferred technique is the only one that works. For
example, in the authors’ division, we encountered re-
sistance in persuading some of our colleagues to par-
ticipate in an RCT comparing intramuscular versus
submuscular transposition of the ulnar nerve at the
level of the elbow after electromyography-proven
clinical entrapment neuropathy of the ulnar nerve.
While initially enthusiastic about participating in
the study, some of them were subsequently unwill-
ing to submit their patients to randomization.

Resources

The financial resources available for the project are
also crucial to the ultimate completion of the study.
It is important that a realistic budget be considered,
and that the study commence only after funding
from local or peer-reviewed grant competitions
has been secured. It would be a mistake to com-
mence the project without the funds required to
meet its ongoing needs, such as support for a study
coordinator.

Formulating the final research question

When formulating the final research question, the
investigator should, in general, aim to ask a ‘‘fore-
ground’’ question as compared with a ‘‘background’’
question. Background questions have three essen-
tial components: a question root (who, what,
where, when, how, why) together with a verb and
a disorder, or an aspect of a disorder of interest
[9]. For example, a background question would
be: ‘‘what complications can occur with the free
transverse rectus abdominis musculocutaneous
(TRAM) flap?’’ or ‘‘why does the TRAM sometimes
suffer necrosis?’’ These types of questions seek to in-
crease basic or background understanding about
the disorder of interest.

Foreground questions, on the other hand, are
more directly applicable to practice, because they
ask specifically how to manage patients. To
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formulate the final, well-constructed clinical ques-
tion, five elements, often captured by the acronym
PICOT, need to be incorporated [10].

P: Describe the Population or Patients relevant
to the question

I: Define the surgical Intervention
C: Define the Comparative intervention
O: Describe the Outcomes of interest, and
T: Define the Time horizon for measurement of

the outcome.

When defining these elements of PICOT, it is im-
portant to be specific. The population should
briefly and precisely describe a specific group of pa-
tients. Basically, the investigator is asking, ‘‘How can
I describe a group of patients similar to mine?’’ For
example, in a research project on carpal tunnel re-
lease, an investigator may consider excluding only
patients with handwork exposure, or may decide
to allocate them to a subgroup of the study.

When defining the intervention, the investigator
must determine the main intervention, prognostic
factor, or exposure he or she is interested in. For ex-
ample, the investigator may be interested in the ef-
fectiveness of the ECTR versus OCTR. As there are
many variations of the ECTR release, the investiga-
tor needs to be specific about which one he intends
to use. For example he may decide to consider the
Agee and colleagues [11] endoscopic carpal tunnel
release and not the Chow technique [12]. The com-
parison is then defined as the main alternative to
the intervention. In the case of a surgical interven-
tion, this may be an alternative surgical technique
or perhaps conservative management.

The comparative intervention to the ECTR may
be the OCTR. Here there are various techniques,
such as the classical approach, with a long incision
from the wrist crease to the proximal palmar crease
or very small incisions over the carpal tunnel area
(1 cm–2 cm). Again, the investigator needs to spec-
ify which of these variations he or she is using.

When defining ‘‘outcomes,’’ investigators are ask-
ing, ‘‘What can I hope to accomplish, measure, im-
prove, or affect?’’ For any given plastic surgery
problem, there are numerous clinically relevant
outcomes. Therefore, it is important to be specific
when selecting which outcomes are relevant to the
question. For example, when considering the out-
comes of carpal tunnel release, the investigator
may be interested in return to work of specific ergo-
nomic characteristics, return to activities of daily
living, pain control, or adjusted quality-of-life
years. The choice of outcome measures should con-
sider the relevant perspectives of, for example, sur-
geon, patient, society, hospital, or primary payer.
The surgeon may consider a successful flap as the
primary outcome measure, whereas the patient

would consider improvement in quality of life an
important outcome. It is important to consider all
outcomes relevant to the intervention, from as
many perspectives as feasible (see the article by
Thoma, Strumas, Rockwell, and McKnight in this
issue).

Time horizon refers to the most appropriate time
to measure the outcome of interest. The outcomes
may be associated with different time horizons,
and the time horizons require consideration of
whether the investigator is interested in short, inter-
mediate, or long-term follow-ups. For example,
a digital replant may be a success at the short fol-
low-up of 3 weeks in terms of survival, but at the
long-term follow-up, it may be considered a failure
if the digit becomes nonsensate and stiff, and hin-
ders the patient from returning to work at a year’s
time. There should be consensus among the re-
search team as to when a particular outcome should
be measured.

Recently, the authors’ research group wanted to
determine whether the superficial inferior epigastric
artery flap was more cost-effective than the deep in-
ferior epigastric perforator flap in postmastectomy
reconstruction. For this investigation, the essential
elements of the question were as follows:

P: The population of interest was all patients who
underwent postmastectomy reconstruction

I: The surgical intervention being studied was
the superficial inferior epigastric artery flap

C: The comparative surgical intervention was
the deep inferior epigastric perforator flap

O: The outcomes of interest were cost-effective-
ness and health-related quality of life

T: The time horizon was the patient’s remaining
life

This yielded the following research question: In
postmastectomy patients undergoing reconstruction, is
the superficial inferior epigastric artery flap more cost-
effective than the deep inferior epigastric perforator
flap?

The research question guides the literature search,
protocol development, and conduct of the study.
Thus, a well-defined question will serve as a reference
point throughout the study. However, the research
question is but one aspect of a larger iterative pro-
cess. This iterative process is shown in Fig. 1 [13].

There is a tendency among clinical investigators
to ask multiple questions in a clinical study. It is im-
portant to understand that all the primary and sec-
ondary questions need to be asked up front. This
ensures that the questions are hypothesis driven
(ie, based on predictions of what will happen)
rather than data driven (ie, made up after the study
results are in, especially to explain findings that may
well be simply the play of chance) [1].

Thoma et al192



Author's personal copy

The crucial distinction between the primary and
the secondary questions is that only the primary
question will be able to provide a definitive answer.
This is because the sample size of the study will be
based only on the primary questions. Any answers
obtained from the secondary questions need to be
considered as tenuous or hypothesis generating.
They may need to be addressed in another study,
in which they become the primary questions. The
authors’ recommendation is to simplify the surgical
research project and consider relying on only one
well-developed primary question.

Summary

The key points to remember when formulating the
research question are:

1. Focus on a single primary research question; this
will determine the calculation of the sample size
of the study (see the article by Thoma, Sprague,
Temple, and Archibald in this issue).

2. Develop the primary research question in a struc-
tured manner (PICOT formulation).

3. Perform a systematic review to reach the
‘‘boundary of knowledge’’ on the subject you
are investigating (see the article by Haines,
McKnight, Duku, Perry, and Thoma in this
issue).

4. Gain an understanding of clinical research
methodology, find a mentor, and preferably
work within a research group (see the article
by Thoma, Haines, Duku, McKnight, and Gold-
smith in this issue).

5. Ensure that a biostatistician is involved early on
in the formulation of the question and the exe-
cution of the study.
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