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Abstract
Evidence-based practice (EBP) is a concept that was popularized in the early 1990’s by several
physicians who recognized that medical practice should be based on the best and most current
available evidence. Although this concept seems self-evident, much of medical practice was based
on outdated textbooks and oral tradition passed down in medical school. Currently, exercise
science is in a similar situation. Due to a lack of regulation within the exercise community, the
discipline of exercise science is particularly prone to bias and misinformation, as evidenced by the
plethora of available programs whose efficacy is supported by anecdote alone. In this manuscript,
we provide a description of the five steps in EBP: 1) develop a question, 2) find evidence, 3)
evaluate the evidence, 4) incorporate evidence into practice, and 5) re-evaluate the evidence.
Although objections have been raised to the EBP process, we believe that its incorporation into
exercise science will improve the credibility of our discipline and will keep exercise practitioners
and academics on the cutting edge of the most current research findings.

Beneath all physiologic phenomena lie causal mechanisms. The purpose of the scientific
process as it relates to human physiology is to uncover these mechanisms. Unfortunately,
knowledge of a phenomenon is often buried deep beneath many partially understood or even
misunderstood mechanisms rendering what we currently know incomplete. Ideally, with
each research experiment we gain a more complete understanding of a given phenomenon;
thus, knowledge is dynamic and continually evolves.

The evolution of knowledge creates a unique challenge; instructors and practitioners must
teach and practice with incomplete knowledge. Despite their best efforts to incorporate the
latest scientific evidence, by the time a lecture is delivered, it is likely that science has
already uncovered more of the story. Usually, discovery simply adds to the information that
was presented to students, but sometimes advances in knowledge radically change scientific
thought. In the 1930’s and 1940’s it was believed that muscle contractions were the result of
folding and unfolding of long protein filaments located within skeletal muscle sarcomeres.
[1] With the invention of a new, more powerful light microscope,[2] Huxley and Hanson
were able to see two proteins, actin and myosin, that appeared to slide over each other
during the shortening and lengthening of a muscle.[3,4] Now, 55 years later, the sliding
filament theory of muscle contraction is taught to all physiology students as the basis of
muscular contraction. While the teachers of the 1940’s taught to the best of their ability
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based on contemporary knowledge, Huxley and Hanson’s discovery rendered what was
taught incomplete and inaccurate.

Evidence-based medicine (EBM) is a term coined in the early 1990’s to describe a paradigm
in which clinical decisions are based on the highest available levels of research knowledge
or evidence.[5,6] Although this idea seemed obvious, it was a novel approach to clinical
practice. In fact, in 2000 it was estimated that only 15–40% of clinical decisions were based
on research evidence.[7,8] The medical community’s call to evidence-based practice (EBP)
argued that knowledge is dynamic and that clinicians should incorporate the latest evidence
into practice to optimize clinical outcomes. EBP has since spread from the field of medicine
to other health fields. Much has been written about the incorporation of EBP into nursing,
[9,10] physical therapy,[11–13] and various medical disciplines including orthopedics.[14–
16]

Exercise science is susceptible to misinformation and bogus claims—perhaps more than any
other field. This is evident from a cursory knowledge of the personal training industry.
While organizations such as the National Strength & Conditioning Association (NSCA) and
the American College of Sports Medicine (ACSM) have done much to legitimize the
credentials of exercise scientists, the field is still full of misinformation. This misinformation
is due, in part, to the lack of standardization among agencies that certify instructors in
exercise and sports science. Many exercise certifications require minimal academic training.
In fact, the only requirements of some certification agencies are to attend a weekend-long
workshop and pass a written multiple choice exam. The result of such certifications is under-
qualified exercise professionals equipped with minimal theoretical knowledge of training
physiology and little or no ability to access the latest scientific research pertinent to their
profession. These certified exercise professionals often base their practice on a flawed set of
theoretical knowledge, personal experience or anecdotal hearsay, and non-peer reviewed
publications. Inevitably, misinformation leaks into the field and exercise specialists are
poorly equipped to evaluate the legitimacy of information, resulting in a plethora of devices,
nutritional supplements, and program theories that have little or no scientific merit.

The intention of academia and practice should be to constantly evolve with the literature in a
quest to create highly effective exercise programs that are based on current knowledge. We
propose that evidence-based practice be taught in undergraduate exercise science programs
as the foundation of all exercise programming. The purpose of this paper is to introduce the
structural framework of EBP as it relates to exercise science and to present the advantages
and limitations of EBP in the discipline of exercise science.

1. The Mechanics of Evidence-Based Practice
Sackett et al. have suggested that EBP is applicable in three distinct facets of medicine:
prognosis, diagnosis, and intervention.[17] While it might be argued that there are diagnostic
and prognostic components of exercise science, EBP’s primary application in exercise is at
the intervention or programming level. Thus, we will focus solely on the programming
aspect.

1.1 Step One: Develop a question
The evaluation and interpretation of client or patient data should lead to the development of
a focused, practical question.[17–20] The question should include information about the
subject population, exercise parameters (e.g. duration, frequency, intensity, etc.), and desired
adaptations. Questions that are too broad will yield enormous amounts of information
making interpretation of the literature difficult. Narrowing the population will result in a
smaller and more focused list of abstracts. When considering the population, at least five
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questions should be addressed: 1) is the scenario gender specific, 2) are there underlying
clinical issues, 3) what is the training experience of the client, 4) what is the chronological
age of the client and, 5) what is the desired outcome of the program (e.g. increased, strength,
power, cardiovascular fitness, etc.)? Each of these questions may be useful in narrowing the
search and providing better evidence to construct the program.

1.2 Step Two: Search for Evidence
Acquiring appropriate, reputable evidence has become increasingly easier with the
availability of peer reviewed research on the internet. The definition of “evidence” has been
a source of debate as some have mistakenly assumed that advocates of EBP believe that
research alone constitutes evidence. Others have argued strongly for the value of clinical
intuition and experience as important contributors to evidence.[21,22] We believe that there
are three primary sources of evidence: professional experience, academic preparation, and
research knowledge.

1.2.1 Sources of evidence—When evaluating the three sources of evidence, it is
important to understand that each element of knowledge is incomplete, open to
interpretation, and therefore potentially biased. Professional experience can be a valuable
source of evidence. Lessons learned through field experience can reinforce academic
knowledge. However, it is vital to understand that knowledge gained through professional
experience is the least objective and most influenced by bias. For instance, in prescribing
medicine, doctors may be influenced by relationships with drug companies, the preference
of their mentors, and the static set of knowledge taught in medical school. While this
information is often valid, it is important to understand that it may not represent the best
treatment scenario. Exercise science practitioners are prone to these same biases. It is
difficult to deviate from methodologies taught by mentors and well-respected colleagues.
While many of these methodologies are valid and effective, mentors were, at best, working
from the best evidence available at that point in time.

Second, academic preparation provides a valuable source of evidence. The best professors
strive to incorporate recent research findings into courses teaching foundational scientific
principles. Academic courses typically utilize textbooks containing fundamental physiology
knowledge that is needed to read scientific research. However, there are two inherent flaws
to academic preparation: 1) the material delivered in academic lectures is often outdated by
the time it is presented and 2) lecture material is subject to the personal bias and current
knowledge of the professor. By the time a professor prepares and delivers a lecture, new
evidence has already been added to the body of knowledge. It is estimated that by the time a
new edition of a textbook is published, it is at least one year out of date;[23] similarly, with
the time required to develop coursework, academic lectures are likely several months out of
date by the time they are delivered--assuming they are updated each semester with the latest
evidence. Like practitioners, instructors are prone to bias. There is a tendency for instructors
to teach with a style similar to those who mentored them. Additionally, there is a propensity
to teach the very material that one was taught. Thus, when information is presented to
students it may be severely out of date; this underscores the need for the incorporation of
less biased research evidence.

Scientific research constitutes the level of evidence that is least prone to bias. The motto for
the Royal Society of London is the Latin phrase, “nullius in verba," which is translated, "on
no man's word." The best way to minimize bias is to remove the human element and let the
data speak for itself. While the interpretation of research evidence can be biased, research
evidence per se is less biased than personal experience, textbooks, or academic lectures. It is
our opinion that research evidence should provide the foundation for all practical
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programming decisions. Empirical data should exert the ultimate influence on exercise
programming as it is a less biased form of evidence.

1.2.2 Gathering Evidence—In past generations, the collection of peer reviewed
materials required travel to libraries, searching through card catalogs, retrieving materials
from library shelves, and extensive photocopying. Today, the internet enables easy access to
quality resources including medical databases and peer reviewed journal articles online.
Instead of traveling to the library, practitioners need only to search topics using publicly
available databases such as PubMed and Google Scholar. The result is a vast availability of
research requiring minimal effort.

1.3 Step Three: Evaluate Evidence
The proponents of EBP argue that there is a hierarchy to evidence and that not all evidence
(even scientific research) should be considered equal.[20] The highest level of evidence is a
systematic review of randomized controlled trials.[24] This type of research evidence is
assigned a Level 1a ranking as it represents a series of replicated randomized controlled
trials. Level 1b evidence is a single randomized controlled trial with narrow confidence
intervals.[24] Systematic reviews of non-experimental studies (e.g. cohort studies), both
single well-designed cohort studies and poorly designed randomized controlled trials, and
outcomes research are given rankings of 2a, 2b, and 2c, respectively.[24] Systematic
reviews of case-control studies (3a) and case-control studies (3b) are given lower rankings
due to the greater potential for bias.[24] Finally, expert opinion, textbooks, decisions based
on mechanistic research (basic science), and practical experience are given Level 5 rankings.
[24] In this system, the research which is least prone to bias, replicated randomized
controlled trials (i.e., a systematic review), is recognized as the highest level of evidence
while the information that is most prone to bias, expert opinion, is assigned the lowest level
of evidence. This provides an impartial method of ranking evidence and determining its
influence on practical decision making.

1.4 Step Four: Incorporate Evidence Into Practice
The highest available level of evidence should be used as the basis for exercise prescription.
If practice is currently founded on reputable Level 5 evidence, then it is likely that new
evidence will only fine tune current exercise programs. However, it is prudent for all
individuals who prescribe exercise to understand the science upon which prescriptions are
based. This may be especially important for exercise professionals who currently base their
practice on non-peer reviewed material, professional experience, non-expert opinion, or less
reputable certification agencies.

In medicine, EBP is incorporated at the individual level [25]; the patient has a voice in
treatment options. EBP in exercise science should also include the input of the individual.
Exercise scientists will increase their professional credibility by discussing the evidence
behind program development with their clients/patients. This is particularly important when
research leads to a non-traditional training approach or goes against current trends.

In the past, patients of medical doctors blindly followed their recommendations based on the
authority of their office. Some in the medical community adamantly oppose the shift to
medical practice based on the authority of research evidence, disregarding the fact that the
science upon which recommendations are made is the ultimate authority, not a physician.
The shift from authoritarian medicine (“Do this because I said so”) to authoritative medicine
(“Do this because research evidence says so”) produces less biased medical prescription[26]
and will yield similar results in exercise prescription.
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1.5 Step Five: Routinely Re-evaluate the Evidence
The final step in EBP is a constant re-evaluation of practice. It is sensible for practitioners to
continually read on particular subjects in order to stay abreast of new studies relevant to
their field. However, it is impossible to keep up with every journal and thus it is necessary to
routinely repeat searches on a particular topic.

2. Potential Criticisms and Benefits of EBP in Exercise Science
2.1 Potential Criticisms of EBP in Exercise Science

A variety of arguments have been levied against evidence-based practice in the field of
medicine. While we believe that EBP is both important and necessary to the advancement of
exercise science, we recognize that similar contentions will be raised to its inclusion in our
field.

Some have suggested that the implementation of EBP minimizes the importance of the
practitioner’s experience and intuition; this argument is certainly applicable to the
prescription of exercise. We acknowledge that personal experience is a valuable source of
evidence and, in many cases, the only source of evidence to substantiate practice. However,
the prudent search for additional information can only improve practice and add to the
repertoire of experienced exercise professionals. In many cases, research validates what the
practitioner has known for years through practical experience or intuition. However, at times
research goes against popular thought.

A second argument against EBP is that it removes the “art” or creativity from practice. This
is certainly a valid concern as creativity in program design can mitigate the monotony of
exercise training. Some contend that focusing on evidence as the driving factor for practice
could lead to a “cook book” approach where every individual gets the same treatment.[27]
While this is a valid concern, the current state of the exercise industry suggests a need for
the re-evaluation of programs based on evidence.

Popular trends in exercise training including the use of new devices, dietary supplements,
and novel programming techniques are often implemented based on the recommendation of
expert or non-expert opinion alone (Level 5 evidence). Faced with a dearth of evidence to
substantiate such practice, exercise specialists argue that the use of these techniques
constitutes the “art” or creativity of training. However, exercise specialists must not violate
the proven principles of training physiology for the sake of “art”. Music is a beautiful art;
talented composers are able to carefully arrange notes to create beautiful expressions.
Thousands of songs have been written from only twelve musical notes. Each song involves a
unique arrangement of melodies, harmonies, rhythms, etc. It is the arrangement of these
twelve notes that results in the creativity of each composition. Despite the limited number of
notes, each song has a unique “sound.” The same can be said of the art of exercise training.
While the proven concepts of training physiology may limit the strategies employed, it
certainly does not limit creativity. Instead, exercise specialists’ ability to creatively order
volume, intensity, rest periods, tempo, and exercises, using established evidence, typifies the
art of training.

2.2 Benefits of EBP in Exercise Science
We believe that there are two primary benefits of the inclusion of EBP into exercise
prescription. First, EBP will improve the quality of exercise programming. The consuming
desire of an exercise professional who wants to excel should be to provide the best exercise
program for every individual based on the current set of knowledge. The result of the
continuous search for evidence is a better product for the client/patient.
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Second, the incorporation of EBP will enhance the legitimacy of our profession. Although
there are many qualified and outstanding graduates of exercise science programs employed
as exercise specialists, the lack of licensure hurts our credibility with medical professionals
and with the general public. The credibility crisis is worsened by a multitude of
certifications requiring varying levels of competencies. Between certification agencies, there
exist varying recommendations as to the appropriate exercise prescriptions and differing
terminology to describe them. This creates problems when exercise specialists converse with
each other and with medical professionals. Therefore, the incorporation of evidence will
provide a common foundation upon which various groups can agree. Additionally, EBP
gives authority to the exercise professional. Instead of standing behind agency
recommendations, or answering questions based on academic knowledge, we can stand on
the credibility of the latest research findings.

3. Incorporation of EBP Into Exercise Science
There are two viable points of entry for EBP into the discipline of exercise science:
undergraduate programs and national certification agencies. These two avenues will capture
the majority of the new professionals who will fill leadership roles within the exercise
community.

There are several clear ways to incorporate EBP into undergraduate exercise science
programs. One, teach a mandatory class on EBP. This course would introduce the concepts
of EBP and provide practical instruction in: constructing answerable questions, searching for
evidence (research), and evaluating research to reach practical conclusions. Most
importantly, this course would emphasize the dynamic nature of scientific knowledge; i.e.,
that students should stay abreast of and search for current best evidence (especially those not
in research positions) and not base their training and coaching entirely on information
gained during an undergraduate education. Two, a more thorough approach, would
incorporate EBP as an undertone of the entire program. Thus, in addition to standard
lectures on basic physiologic and physical principles, each class would involve searches for
best evidence to answer specific questions. By graduation, students would have years of
practice finding and evaluating research. This repetitive exposure is particularly important
for those who will not have careers generating research but who can and should be
competent research consumers. Three, students could complete a senior EBP thesis,
investigating a specific question. A project of this nature would necessitate the
implementation of one or both of the previously discussed options so that students would
have adequate familiarity with the concepts of EBP.

The other readily accessible route by which EBP could be introduced to the exercise science
community is through the certification process. The two most highly regarded certifying
bodies in the exercise science field are the American College of Sports Medicine (ACSM)
and the National Strength and Conditioning Association (NSCA); not incidentally, both of
these agencies require a bachelor’s degree in an exercise-related or allied health field to even
test for their higher level certifications. However, both agencies also offer certifications for
personal trainers that require only a high school diploma or its equivalent. Recognizing that
commercial demand for personal trainers and coaches makes it practically impossible to
require a college degree for all certifications, the inclusion of EBP as a fundamental
component of these “lower level” certifications would serve to further elevate the profession
in competency, prestige, and ultimately, public perception. As organizations, the ACSM and
NSCA would benefit from both the increased prestige of their certifications and the
increased revenue from mandatory workshops necessary to teach the concepts of EBP.
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Although undergraduate programs and national certifications will expose a large portion of
incoming exercise professionals to the principles of EBP, admittedly, sub-standard
organizations will continue to certify under-qualified trainers. However, strengthening the
professional skills of those that obtain undergraduate degrees or upper-tier certifications will
create a clear distinction between those that are truly competent to prescribe exercise and
those that are not.

4. Conclusion
A. Bradford Hill stated, “All scientific work is incomplete--whether it is observational or
experimental. All scientific work is liable to be upset or modified by advancing knowledge.
That does not confer upon us a freedom to ignore the knowledge we already have, or to
postpone the action that it appears to demand at a given time.” As exercise professionals, we
are obligated to act based on the current state of scientific knowledge to develop the best
possible programs for our clients/patients. In doing so, we must recognize that the best
program in 2010 may not be the best program in 2015. Evidence-based practice is not a new
concept; there are certainly exercise professionals who already employ its principles. In
keeping with the motto of the Royal Society of London (“nullius in verba”), we propose that
the use of evidence be the driving component of exercise prescription. To implement this
philosophy, the principles of EBP must be incorporated into the curriculum of exercise
science programs. Our appeal to exercise science instructors and practitioners is to teach and
implement programs founded on the most recent scientific evidence. This will improve the
programs provided to the individual and our credibility as a profession.
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Figure 1.
The fundamental steps of evidence-based practice in the context of individual exercise
prescription.
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Figure 2.
Theoretical knowledge base of student enrolled in traditional course or certification that
teaches only general principles (A) vs. a course or certification teaching both general
principles and the philosophy of evidence-based practice.
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Table 1

Classic levels of evidence for rehabilitation practice. Table reprinted in part with the permission of SLACK
Inc.[24]

LEVEL CLASSIC "LEVELS OF
EVIDENCE” FOR THERAPY/
PREVENTION

PLACEMENT OF ADDITIONAL TYPES
OF CLINICAL EVIDENCE

1a Systematic review (with homogeneity) of
randomized controlled trials (RCT)

Clinical practice guidelines (CPG's) where recommendations are based on
systematic reviews that contain multiple RCTs and the development includes
supplemental data or expert opinion to make recommendations only where
evidence is lacking1b Individual RCT (with narrow Confidence

Interval)

1c All or none

2a Systematic review (with homogeneity) of cohort
studies

Lower quality CPGs that are based on informal evidence review and expert
consensus, where few RCT's are identified2b Individual cohort study (including low quality

RCT; e.g., <80% follow-up)

2c “Outcomes” research

3a Systematic review (with homogeneity) of case-
control studies Structured consensus processes based on quantitative ratings of agreement and

formal consensus processes using qualified experts
3b Individual case-control study

4 Case-series (and poor quality cohort and case-
control studies)

Unstructured quantitative or qualitative expert consensus; large descriptive
practice analysis/survey that defines common ground; critical appraisal/
comprehensive systematic review or synthesis of biologic studies, or first
principles

5
Expert opinion without explicit critical
appraisal, or based on physiology, bench
research, or “first principles.”

CPG's that are not based on the use of evidence review or quantitative data;
clinical protocols or rehabilitation theory
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