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Can Evidence-Based Medicine 
and Personalized Medicine 
Coexist?

Kim Madden and Mohit Bhandari

1.1  What Is Evidence-Based 
Medicine?

Evidence-based medicine (EBM) is a philosophy 
of healthcare that aims to ensure that healthcare 
interventions are applied based on the best avail-
able evidence, combined with clinical expertise 
and patient values [1]. This is in contrast to the 
philosophy of “eminence-based” medicine, 
which is characterized by a paternalistic view 
that expert clinicians know what is best for 
their patients by virtue of their clinical experi-
ence. The term EBM was coined by Professor 
Gordon Guyatt in 1990 and further developed 
by academic physicians such as Professor David 
Sackett. Sackett described EBM as having three 
integrated key components: best available evi-
dence, clinical expertise, and patient values [1]. 
Here, we discuss each of these three components 
in more detail.

1.1.1  Best Available Evidence

It makes intuitive sense that healthcare profes-
sionals should be reasonably sure that a treat-
ment works and that the benefits outweigh the 

harms before wide implementation of the inter-
vention. It is important to question unsubstanti-
ated claims about treatments, diagnostic tools, 
and other aspects of healthcare so that we do 
not widely use treatments that are ineffective or 
do more harm than good. Using systematic and 
scientific methodology, EBM gives us the tools 
to evaluate healthcare interventions and deter-
mine how strong and convincing the evidence 
is for those interventions, and therefore whether 
we should believe claims of their efficacy. The 
phrase “best available evidence” implies that 
some evidence is better than other evidence. This 
brings us to one of the key principles of EBM: 
the hierarchy of evidence. Many healthcare pro-
fessionals are aware of the “evidence pyramid” 
that places high-quality evidence on the top of 
the pyramid and low-quality evidence on the bot-
tom of the pyramid [2]. EBM helps us to sort out 
which studies are high quality and which studies 
are low quality. However, this categorization is 
not binary; quality of evidence is a continuum. 
In general, the highest quality of evidence for 
questions about treatment efficacy comes from 
randomized controlled trials (RCTs) and sys-
tematic reviews of RCTs. The reason for this is 
that, when done correctly, the process of random-
ization should balance the known and unknown 
prognostic factors across treatment groups, with 
the only difference between groups being the 
treatment of interest. RCTs are not always at 
the top of the hierarchy of evidence. EBM also 
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encourages downgrading evidence in the pres-
ence of substantial methodological flaws [3]. For 
example, if a study is too small to properly bal-
ance prognostic factors across groups, that could 
lead to the study being downgraded from the 
top level of evidence. Prospective cohort studies 
are often at the second tier of evidence (Level II 
evidence) because they lack the randomization 
process that aims to balance prognostic factors. 
They are therefore more biased and of lower 
quality. Retrospective studies are Level III evi-
dence because they are subject to even more bias 
than prospective studies, for example, recall bias. 
Case series are Level IV evidence because they 
lack a control group. We therefore cannot be sure 
whether apparent treatment effects can actually 
be attributed to the treatment or some other effect 
such as time. Expert opinion is Level V evidence 
because opinions can easily be biased by personal 
views, conflicts of interest, and other factors such 
as confirmation bias. By applying a critical lens 
to studies, we can practice “enlightened scepti-
cism” to be reasonably sure that the treatments 
that we choose to use are effective.

1.1.2  Clinical Expertise

Critics of EBM often protest that EBM downplays 
the role of the clinician’s expertise in favor of a 
cold, calculating style of medicine based only on 
evidence [4]. This is not the case. Evidence is not 
a substitute for clinical training and experience. 
Evidence alone is never enough to make a clinical 
decision. The proper application of EBM requires 
the integration of expertise and evidence. The 
JAMA series on the Users Guides to the Medical 
Literature, a key EBM resource, gives guidance 
on how to evaluate whether particular evidence is 
applicable to specific patients [5]. It teaches clini-
cians to ask “Were the study patients similar to 
the patient in my practice?” To answer this ques-
tion, clinicians must use their diagnostic expertise 
and judgment. For example, surgeons may decide 
that a study that included mostly elderly female 
patients with comorbidities would not necessarily 
apply to an elite male athlete, even if the evidence 
is of very high quality.

1.1.3  Patient Values

The third major component of EBM is the integra-
tion of patient values [6, 7]. Although this point is 
the most often forgotten, it has been written into 
formal definitions of EBM since the 1990s [1]. 
Along with the best available evidence and the 
clinician’s expertise, we must take into account 
the patient’s preferences. For example, an active, 
newly retired man with hip osteoarthritis may 
place more value on implant longevity than a very 
elderly man. Similarly, a young tradeswoman 
with moderate knee arthritis may value whichever 
treatment option can get her back to work faster. 
This principle particularly emphasizes that EBM 
is not a set of rigid rules, nor is it a one-size-fits-
all approach to treating patients.

1.2  Are There any Drawbacks 
to EBM?

EBM is not perfect and is ever-evolving. A major 
practical challenge is that performing EBM prop-
erly requires a lot of practice and skill. However, 
this is the same for any other skill, for exam-
ple, arthroplasty surgeons train for a decade or 
more to become experts at joint replacement. 
Sometimes, feasibility issues arise in EBM, for 
example, to get the highest quality evidence (i.e., 
RCTs), it can take years and cost millions of dol-
lars to do it correctly. However, there are quicker 
and cheaper designs that can be done if an RCT is 
not feasible. For example, one could conduct ret-
rospective chart reviews with matched controls 
or statistical adjustments based on propensity 
scores. This design is not as strong as an RCT 
but can efficiently provide better evidence than 
anecdote alone. One of the biggest challenges of 
EBM is that sometimes policymakers and clini-
cians forget that evidence alone is not sufficient, 
and they create overly strict policies that they say 
are evidence based. There needs to be integration 
of clinical judgment and patient values, which 
is in harmony with the principles of personal-
ized medicine. Another perceived drawback of 
EBM is the misconception that results from trials 
can never apply to individual patients; they only 
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apply to the “average patient.” However, EBM 
books [5] and workshops [8] give explicit guid-
ance on how to apply EBM to individual patients.

1.3  What Is Personalized 
Medicine?

Personalized medicine is a philosophy of treat-
ment that arose from genomics, with particular 
applications in cancer treatment. The idea is that 
patients can be stratified into risk groups (e.g., 
biomarker present vs. absent) and provided with 
personalized treatment based on that risk factor 
[9]. This philosophy has clear applications in 
orthopedics, particularly in arthroplasty where 
many patients are not satisfied with their replaced 
joint despite a lack of major complications [10]. 
Kinematic alignment techniques that restore 
individual joint anatomy and soft-tissue balance, 
custom implants that can more accurately mimic 
the natural joint, robotic surgery for more precise 
cuts, and 3D printing are all innovations that can 
benefit the field of orthopedics by individualiz-
ing particular aspects of patient care. This intui-
tively sounds like a good idea. However, custom 
implants and technological innovations can drive 
up costs of surgery. We need evidence that these 
interventions are worth the additional money.

1.4  Are EBM and Personalized 
Medicine at Odds?

When Professor Gordon Guyatt was asked this 
question, he responded with “we find this some-
what amusing” [11]. The idea that personalized 
medicine is the opposite of EBM, or that they 
are somehow at odds, stems from a fundamen-
tal misunderstanding of what EBM is and is not. 
Particularly, the misconceptions that EBM is 
dogmatic, do not take into account patient values 
or differences between patients, there is no room 
for clinical judgment, that only randomized tri-
als matter, and that EBM is a static set of rules, 
are misconceptions that contribute to the divide 
between personalized medicine and EBM. Let us 
address these misconceptions.

• EBM is dogmatic. EBM is not dogma; it is a 
set of guidelines that helps us decide whether 
a healthcare intervention is effective and safe 
and whether the evidence applies to our 
patients. Individual expertise, decision mak-
ing, and judgment come into play at every 
stage of EBM.

• EBM does not take into account patient val-
ues. One of the three basic principles of EBM 
is that patient values and differences between 
patients should be taken into account when 
choosing a treatment. There is a whole field 
dedicated to how this can best be achieved, for 
example, with the use of patient decision aids 
and shared decision making [12]. Additionally, 
EBM is beginning to involve patients as col-
laborators when designing research and 
selecting outcomes for studies [13].

• EBM does not take into account differences 
between patients. EBM gives guidance on 
subgroup analyses to take into account differ-
ences between patients [14] Subgroups allow 
us to draw different conclusions for different 
groups of patients by categorizing them by a 
prognostic variable of interest, just like “strati-
fied medicine.” For example, in the SRINT 
trial investigating reamed versus unreamed 
intramedullary nailing for tibia fractures, the 
treatment effects varied for patients with open 
fractures versus closed fractures [15].

• There is no room for clinical judgment. One of 
the three basic principles of EBM is that clini-
cal judgment cannot be replaced by evidence 
alone. Clinical expertise is still required to 
decide whether the evidence can be applied to 
a specific patient.

• Only randomized trials matter. EBM acknowl-
edges that there are many ways to obtain evi-
dence. The existence of the hierarchy of 
evidence proves this. Sometimes, patients 
cannot be randomized for ethical or feasibility 
reasons. In this case, EBM would say that an 
RCT is not the best available evidence. EBM 
has also always had an option for an N-of-1 
trial, which is a trial where a single patient is 
their own control group [16]. This N-of-1 
approach allows clinicians to determine 
whether a treatment works for that specific 
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patient and provides better evidence than 
anecdote alone.

• EBM is a static set of rules. EBM is not a set 
of rules (see point 1), and EBM is constantly 
evolving. Some of the newer innovations in 
EBM include better methods of disseminat-
ing evidence (e.g., OrthoEvidence; myortho-
evidence.com), extending EBM concepts to 
diagnostic and prognostic studies as well as 
interventions (e.g., the work of the Grading of 
Recommendations, Assessment, Development 
and Evaluation (GRADE) group) [17], methods 
of synthesizing information quickly (e.g., BMJ 
Rapid Recommendations; bmj.com/rapid-rec-
ommendations), and ever-evolving methods of 
analyzing data, particularly non-RCT data.

1.5  So, Can EBM 
and Personalized Medicine 
Coexist?

Not only can EBM and personalized medi-
cine coexist, they should coexist. Personalized 
medicine- based interventions contribute to the 
growing number of innovations in orthopedics and 
other fields. However, these interventions still need 
to be evaluated for effectiveness, cost- effectiveness, 
and safety before they are widely adopted, just as 
standard approaches need to be evaluated with 
a critical lens. For example, one could random-
ize patients to receive conventional unicompart-
mental knee arthroplasty (UKA) versus custom 
UKA. Such a study would combine the best of both 
worlds and promote innovation in our field. There 
is no reason that the philosophies of EBM and per-
sonalized medicine cannot work together.
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