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4.1          Introduction 

 Evidence-based medicine (EBM) practitioners 
consciously, deliberately, and consistently use 
the best current evidence to make patient care 
decisions. The evidence derives from clinical 
research, where randomized controlled trials 
(RCTs) are the best evidence. However, RCTs 
may not be appropriate in some situations, par-
ticularly in surgery, and important evidence may 
be obtained from other well-designed types of 
studies. Ideally, evidence synthesized in a meth-
odologically correct way can help clinicians to 
make optimal treatment decisions in cross talk 
with the individual patient, taking into account 
the clinical situation and circumstances and 
patient values.  
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4.2     Application of Research 
to Care Decisions 

 Evidence-based medicine (EBM) is “the explicit, 
judicious, and conscientious use of current best 
evidence from health care research in decisions 
about the care of individuals and populations” 
[ 1 ]. Both the term and the concept were devel-
oped by clinical epidemiologists at McMaster 
University [ 2 ], and the application of EBM has 
evolved over the last 20 years to become a central 
tenet and framework of good clinical practice. 
There are fi ve steps to follow in practicing EBM: 
(1) Defi ne the question or problem; (2) Search for 
the evidence; (3) Critically appraise the litera-
ture; (4) Apply the results; (5) Audit the outcome 
and give recommendations. 

 EBM advocates strongly believe that all stake-
holders (patients, practitioners, health-care man-
agers, and policy-makers) should consider the 
systematically collected and evaluated evidence 
from health-care research for application in 
decision- making. It is imperative that those fi nd-
ings meet multiple requirements, the most sig-
nifi cant of which are to be empirically valid, 
reproducible, and ready for clinical implementa-
tion. This clinical decision-making process advo-
cated by EBM practitioners appeared to oppose 
the traditional knowledge foundation of medi-
cine, namely, the understanding of basic disease 
mechanisms coupled with clinical experience. 
This traditional method is illustrated by either the 
individual authority (“expert”) or collective med-
ical authority, such as a panel of experts, provid-
ing practice guidelines based on expert opinion. 
EBM claims that experts are more fallible in their 
recommendations regarding the optimal treat-
ment of a condition than evidence derived from 
sound systematic observation (i.e., health-care 
research). This may be especially true for recent 
decades, as new applied research methods have 
been developed for observation and experimenta-
tion in increasingly complex clinical settings. 
Applied research methods are based on probabil-
ities for relationships and the effects of interven-
tions, rather than underlying mechanistic 
explanations. As such, practitioners must be 
ready to accept uncertainty and acknowledge that 
appropriate management decisions can be, and 

often are, made in the face of relative ignorance 
of their underlying nature. 

 While advocates currently urge widespread 
use of the concept and techniques in clinical set-
tings, the initial intention of EBM was educa-
tional, to train residents to become better 
physicians. This was consistent with the philoso-
phy underlying the unique approach to medical 
education at McMaster’s nascent M.D. program 
and the university’s focus on innovation in educa-
tion. It also recognized that physicians in a busy 
practice have limited time to peruse the literature 
and the training was focused on effi cient methods 
for extracting information from literature in a 
timely fashion. Today, physicians are able to 
locate information to an incredible extent through 
the Internet and associated electronic searching 
capabilities of databases, which allows the regu-
lar application of EBM in daily practice to an 
extent not envisioned by its pioneers. 

 A fundamental assumption of EBM is that 
practitioners whose practice is based on an 
understanding of evidence that has been 
 validated experimentally and statistically will 
 provide superior patient care compared with 
practitioners who rely solely on knowledge 
of pathophysiology and their own clinical 
 experience. There is no current evidence to this 
effect, only multiple published trials whose 
 conclusions contradict conventional wisdom. 
Nevertheless, the New York Times Magazine 
“Year in Review” included EBM as one of the 
most infl uential ideas of 2001 [ 15 ]. It has been 
extensively written about, and multiple user 
guides to critical appraisal have been published 
(JAMA’s Oxman et al. [ 3 ] and Bhandari’s series 
[ 4 – 7 ] among others), illustrating the interest of 
the medical community as a whole. 

 Surgical practices have evolved over the 
years mostly based on single center and even 
single eminent surgeon innovations. The same 
disease is managed, and operated on, differently 
between centers or even between individuals, 
depending on convictions derived from hierar-
chical surgical training. Surgical procedures are 
constantly undergoing minor changes and being 
refi ned, each surgeon making small adjustments 
or innovations that suit their approach to the 
problem at hand. Major technical innovations 
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still tend to be reported as case series, which 
still, unfortunately, form the core of the clinical 
surgical literature. New operation techniques 
have appeared without rigorous scrutiny or 
methodologically sound comparison with the 
previous preferred clinical management 
approaches. Indeed, surgeons have been accused 
of being early adopters and enthusiasts and criti-
cized for not evaluating new procedures, tech-
niques, and technologies, as one would in a new 
drug. Spodick argued for an “FDA for the sur-
geon” [ 8 ,  9 ] in relation to these concerns.  

4.3     Patient Values 
and Preferences in EBM 

 Despite increasing acknowledgment of its impor-
tance, some opponents continue to criticize EBM 
as focusing on populations while neglecting the 
individual [ 10 ,  11 ]; however, the most updated 
defi nition of EBM states that it is the integration of 
the best available research evidence, our clinical 
circumstances, and patients’ values and prefer-
ences. Bassler et al. [ 12 ,  13 ], in their two-part com-
mentary, describe EBM tools that address 
individual patient decision-making (Tables  4.1  and 
 4.2 ). The EBM still relies on aspects of the tradi-
tional approach to decision-making – that is, the 
clinician’s expert thinking and expert ability to 
assess the clinical situation and patient values – 
while complementing it with a set of rigorous tools. 
These expert skills allow the physician to tailor the 
application of study fi ndings, often derived from 
randomized controlled trials (RCT), to the individ-
ual, and to quantify the benefi ts and risks of a 
 particular treatment decision for a particular 
patient [ 12 ]. The extent to which individual patients 

want to be involved in decision-making varies, and 
a primary responsibility is to establish the patient’s 
wishes in this regard [ 13 ]. It is clear that evidence 
alone is inadequate for making medical decisions 
for individual patients and that each patient’s (and 
perhaps society’s) values need to be taken into con-
sideration and that the choice of treatment must 
involve both patient and physician.

    Several evidence-based approaches are avail-
able for providing shared decision-making sup-
port, including formal clinical decision analysis 
and patient decision aids [ 14 ]. Formal clinical 
decision analysis, which incorporates the 
patient’s likelihood of the outcome events with 
his or her own value for each health state, is com-
plex and time-consuming, though it may become 
feasible in clinical practice [ 15 ]. The initial 
response from groups of expert physicians was to 
work toward the establishment of management 
recommendations, or clinical guidelines. Despite 
their growing importance, their adoption has 
encountered signifi cant resistance among clini-
cians. A group from Boston Children’s Hospital 
developed Standardized Clinical Assessment and 
Management Plans (SCAMPs) as an innovative, 
clinician-led approach to building, implement-
ing, and constantly improving fl exible guidelines. 
Their implementation is underway in multiple 
medical and pediatric subspecialties, and further 
research on their acceptability by physicians is 
underway. For now, patient decision aids are 
more realistic in current practice. They present 
management options and associated outcomes in 
ways that are understandable to patients. They 
also succeed in integrating the associated com-
plexity associated with those choices. There is a 
wide range of decision aids available that address 
a variety of health-care problems; for example, 

   Table 4.1    Criteria to consider when applying the results of research studies to individual patients [ 12 ]   

 Patient characteristics  Health-care characteristics  Outcome characteristics 

 Biological factors 
(sex, comorbidities, race, age, 
severity of pathology) 

 Patient compliance with treatment 
requirements 

 Compliance of health-care providers with 
treatment requirements 

 Resources available for implementation 
(e.g., availability of monitoring) 

 Expertise of clinicians 

 Did the study measure an 
outcome of importance to the 
individual patient? 

  Reproduced from Bassler et al. [ 12 ], Copyright 2008 with permission from BMJ Publishing Group Ltd  
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Sources of Information
Summary treatment effect from
clinical studies
Role of EBM:
To assess the validity and
applicability of study results,
considering individual criteria:

• Patient: biological
 factors, socio-economic
 characteristics,
 compliance to
 recommendations
• Intervention/control:
 healthcare
 characteristics
• Outcome: outcome
 characteristics

• Decision aids
• Formal decision analysis

Results from subgroup
analyses
Role of EBM:
To decide whether apparent
differences are real

N-of-1 RCT (limited to certain
medical conditions and
settings)

Role of EBM:
To help the clinician choose
the most bias-free study
design to establish the
treatment effect in individual
patients suffering from a
chronic disorder in which the
effects of therapy are
transient 

Benefit: harm ratios
EBM tools: patient-specific number needed to treat (NNT) or
number needed to harm (NNH)
Role of EBM:
To effectively communicate individual risks and benefits by
estimating the patient’s baseline risk from various sources
(clinical prediction guides, epidemiological studies, clinical
experience)

Patient’s values and preferences
Role of EBM:
To determine the extent to which the patient wants to be involved in decision-making.
If shared decision-making is the goal, EBM tools help to take patient preferences and values into
account:

Evidence-based individual treatment decision

   Table 4.2    The process of individualized evidence-based medical (EBM) decision-making [ 13 ]        

  Reproduced from Bassler et al. [ 13 ], Copyright 2008 with permission from BMJ Publishing Group Ltd  
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see the Internet-based collection at Ottawa 
Patient Decision Aids (  http://decisionaid.ohri.
ca/    ). Trials indicate that those decision aids 
enhance active patient participation in decision- 
making and improve agreement between values 
and choice [ 16 ], in the spirit of EBM. 

 Clinical decisions must, fi rstly, include evalu-
ation of the patient’s clinical and physical cir-
cumstances, to establish a diagnosis and obtain a 
range of available treatment options. Secondly, a 
more complete analysis is conducted, which 
identifi es evidence concerning the effi cacy, effec-
tiveness, and effi ciency of the available options. 
Thirdly, given the likely consequences associated 
with each option, the clinician must consider the 
patient’s preferences (in terms of what risk-to- 
benefi t ratio she or he would tolerate). Finally, 
clinical expertise is needed to bring these consid-
erations together and make a treatment recom-
mendation that is acceptable to the patient. 

 The term evidence-based medicine was devel-
oped to encourage practitioners and patients to 
consider – no more, no less – current best evi-
dence in making decisions. An alternative term 
that some may fi nd more appealing is research- 
enhanced health care. Whichever term is applied, 
one can be confi dent in making better use of 
research evidence in clinical practice [ 17 ].  

4.4     Levels of Evidence and Their 
Importance 

 Systematic reviews of randomized trials represent 
the highest quality evidence, whereas observa-
tional studies are mostly considered to generate 
lower-quality evidence (Fig.  4.1 ) [ 18 ]. Quality 
may be downgraded as a result of methodological 
limitations (study design or implementation), 
imprecision of estimates (wide confi dence inter-
vals), variability in results, or publication bias. 
Quality may be upgraded because of a very large 
magnitude of effect, a dose-response gradient, or if 
all plausible biases would serve to reduce an 
apparent treatment effect. Presence of critical out-
comes determines the overall quality of evidence. 
Evidence profi les provide simple, transparent 
summaries [ 19 ]. The proper use of evidence-based 

information is not the sole strict adherence to 
RCTs, but more accurately, the informed and 
effective use of all types of evidence.

   In January 2003, the editorial board of the 
American edition of the  Journal of Bone and 
Joint Surgery  adopted a level of evidence rating 
system [ 20 ] developed at the Centre for Evidence- 
Based Medicine at Oxford University (Table  4.3 ) 
[ 21 ]. It must be remembered that current con-
cepts around levels of evidence and critical 
appraisal are based on a medical model, and sur-
gical studies have unique issues that may be bet-
ter dealt with in an evidence-based surgical 
model [ 22 ]. The nature of a surgical intervention 
introduces challenges around selection and 
observer bias, blinding, standardization of tech-
nique, learning curve, generalizability, preva-
lence of the problem, and patient and surgeon 
equipoise [ 22 ]. The numbers of patients with a 
particular surgical pathology are low, so the evo-
lution of surgical research methodology will 
necessitate collaboration between different sites 
and surgeons in order to increase the level of evi-
dence of the selected designs. Surgical research 
is complex and, as a result, the research question 
framed by the above surgical considerations 
determines the best study design. In other words, 
strong recommendations can be based on lower 
levels of evidence if the question and circum-
stances dictate it [ 23 ]. The suggestion that RCTs 
are the only acceptable design is an overly nar-
row view and lacks insight as to the relative 
strengths of the different methods [ 24 ]. One rec-
ognizes that a well-done observational study, 
with minimal biases and a signifi cant effect, may 
be of more sound quality and its conclusions 

1. Systematic review of
randomized trials

2. Randomized controlled trials
3. Systematic review of
observational studies

4. Observational studies
5. Physiologic studies

6. Unsystematic clinical observation

  Fig. 4.1    Hierarchy of evidence (Montori [ 18 ] Reproduced 
from Copyright 2002 with permission from Elsevier)       
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more reliable and generalizable than the conclu-
sions drawn from a poorly conducted RCT.

   Capable clinicians need to understand the 
importance of developing an appropriate research 
question. Study design and appropriately selected 
outcomes are also key to selecting and applying 
the best available evidence to patient care 
(Table  4.4 ) [ 25 ]. Furthermore, they should recog-
nize that treatment recommendations are not only 
based on critical appraisal and levels of evidence 
but also refl ect the risk-and-benefi t ratio and cost. 
Health policy-makers, editorial boards, granting 
agencies, and payers should understand that 
EBM, especially as it pertains to surgical special-
ties, is not always best represented by a 
RCT. They must realize that the question being 
asked and the research circumstances dictate the 
study design. Finally, the role of clinical exper-
tise and informed patient preference in EBM 
needs to be acknowledged, as it provides the 
 generalizability so often lacking in controlled 
experimental research [ 25 ].

4.5        Management 
Recommendations: EBM 

 As per McMaster grading system, the strength of 
any recommendation depends on two factors: the 
trade-off between benefi ts and risks and the qual-
ity of the methodology that leads to estimates of 
the treatment effect. This approach to grading 
recommendations captures the magnitude of 

 random error in the decision about the confi dence 
in the trade-off between benefi ts, harms, and cost 
(Table  4.5 ) [ 26 ]. The uncertainty associated with 
this trade-off will determine the strength of 
 recommendations. The grades that experts will 
generate using the McMaster approach are 1A, 
1B, 1C + , 1C, 2A, 2B, and 2C (Table  4.5 ) [ 26 ]. If, 
based on the available evidence, experts are very 
certain that benefi ts do, or do not, outweigh 
harms and cost, they will make a strong recom-
mendation – in the McMaster formulation, Grade 
1. If they are less certain of the magnitude of the 
benefi ts and harms, and their relative impact, 
they must make a weaker Grade 2 recommenda-
tion. Grade 2 recommendations are those in 
which variation in patient values or individual 
physician values will often mandate different 
treatment choices, even among average or typical 
patients. The McMaster approach expresses the 
primacy of the benefi t versus harm judgment by 
placing it fi rst in the grade of recommendation.

   The assignment of Grades A to C, the second 
part of the grade, depends on the possibility of 
bias based on the methodological quality of the 
underlying evidence. The approach classifi es 
randomized controlled trials with consistent 
results as Grade A. If results across randomized 
trials are inconsistent, or if trials have major 
methodological weaknesses, one assigns a Grade 
B rating. Evidence leading to Grade C recom-
mendations comes from observational studies 
and from the generalization of results from 
 randomized trials in one group of patients to a 

   Table 4.4    Types of study design and their advantages and disadvantages [ 25 ]   

 Type of study  Type of design  Advantages  Disadvantages 

 Observational studies  Case report  Used for rare clinical events  No comparison group 

 Case series  Experiences with new or 
complex treatments 

 No comparison group 

 Cohort studies  Resemble “real-life” clinical 
situations 

 Prone to confounding 

 Case-control studies  Small sample size and short 
duration 

 Prone to confounding and 
bias 

 Experimental studies  Randomized controlled 
trials 

 Avoidance of confounding  Expensive 

 Limited generalization 

 Diffi culties in study 
recruitment and conduct 

  Reprinted from Fisher and Wood [ 25 ], Copyright 2007 with permission from Wolters Kluwer Health  

4 Fundamental Concepts in Evidence-Based Medicine



72

 different group, as illustrated by Table  4.5 . When 
experts feel confi dent about the generalization of 
the conclusions from randomized trials to 
another population or fi nd the data from observa-
tional studies is overwhelmingly compelling, 
they choose Grade C + . 

 We believe that most criticism of evidence- 
based medicine results from a misunderstanding 
of its purpose and process. As previously stated, 
only through a thorough, exhaustive, and critical 
appraisal of the evidence the practitioner can make 
valid and informed judgments about interventions. 
This evidence base, together with clinical exper-
tise, allows to incorporate patient’s values and 
preferences in the decision-making process. 

 Another frequently encountered misconcep-
tion is that only randomized controlled trials or 

systematic reviews constitute the evidence in evi-
dence-based medicine. One must remember that 
EBM emphasizes the consideration of evidence 
from various types of studies, appropriate for dif-
ferent clinical questions, including  everything 
from observational studies to meta-analyses. 

4.5.1     Limitations of Evidence-Based 
Medicine 

 There are limits to what evidence-based medi-
cine can address. Literature cannot be interpreted 
in the absence of common sense and clinical 
experience. A frequently cited example of the 
inappropriate application of evidence-based 
medicine techniques is the assertion that there is 

     Table 4.5    Current approach to grades of recommendations [ 26 ]   

 Grade of 
recommendation 

 Clarity of 
risk/benefi t 

 Methodologic strength of 
supporting evidence  Implications 

 1A  Clear  Randomized trials without 
important limitations 

 Strong recommendations; can apply to 
most patients in most circumstances 
without reservation 

 1B  Clear  Randomized trials with important 
limitations (inconsistent results, 
methodologic fl aws a ) 

 Strong recommendation; likely to 
apply to most patients 

 1C+  Clear  No RCTs, but RCT results can be 
unequivocally extrapolated from 
observation studies 

 Strong recommendation; can apply to 
most patients in most circumstances 

 1C  Clear  Observation studies  Intermediate-strength recommendation; 
may change when stronger evidence is 
available 

 2A  Unclear  Randomized trials without 
important limitations 

 Intermediate-strength recommendation; 
best action may differ depending on 
circumstances or patients’ or societal 
values 

 2B  Unclear  Randomized trials with important 
limitations (inconsistent results, 
methodologic fl aws) 

 Weak recommendation; alternative 
approaches likely to be better for some 
patients under some circumstances 

 2C  Unclear  Observation studies  Very weak recommendation; other 
alternatives may be equally reasonable 

  Reprinted from Guyatt et al. [ 26 ], Copyright 2001 with permission from the American College of Chest Physicians 
 Since studies in categories B and C are fl awed, it is likely that most recommendations in these three classes will be 
Level 2. The following considerations will bear on whether the recommendation is Grade 1 or Grade 2: the magnitude 
and precision of the treatment effect, the patients’ risk of the target even being prevented, the nature of the benefi t, the 
magnitude of the risk associated with treatment, variability in patient preferences, variability in regional resource avail-
ability and health-care delivery practices, and cost considerations. Inevitably, weighing these considerations involves 
subjective judgment 
  a These situations include RCTs with both lack of blinding and subjective outcomes, where the risk of bias in measure-
ment of outcomes is high, and with large loss to follow-up  
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no scientifi c evidence on the effectiveness of 
parachute use for life preservation following 
falls from aircraft [ 27 ]. Indeed, no randomized 
controlled trial (RCT), or even a well-designed 
cohort comparison, has ever been performed to 
provide such evidence. But who would conclude 
that, in absence of evidence to this effect, they 
would rather not wear a parachute? For the sake 
of completeness, let us mention that there are 
case reports of survival following falls without 
parachutes and reports of deaths in skydivers 
using parachutes. One must remember that a 
treatment, which is not supported by high- 
quality medical evidence, does not mean that the 
treatment has no value. The Cochrane group 
considers only randomized controlled studies as 
valid sources of medical evidence. The absence 
of such studies, in their opinion, equates with an 
absence of evidence. However, as Doug Altman 
declared, “absence of evidence is not evidence of 
absence” [ 28 ]. There may be multiple reasons 
for the absence of evidence, from the complexity 
to the prohibitive costs of performing a method-
ologically sound RCT, or to the biases inherent 
to the intervention under scrutiny. In these cases, 
other types of quality clinical research (such as 
observational studies) may provide useful 
information.   

4.6     Why Is Evidence-Based 
Medicine Important to Spine 
Surgeons? 

 Bridwell et al. performed an analysis of the cur-
rent status of evidence for primary adult spinal 
deformity correction to answer the question of 
whether surgical treatment benefi ts patients [ 29 ]. 
They concluded that the majority of smaller stud-
ies suggest that surgical treatment benefi ts the 
patient. However, there is no multicenter pro-
spective randomized study to answer this 
question. 

 There are many areas of spine surgery practice 
where the redefi nition of the state of current evi-
dence would be useful. The fi rst, and probably the 
most diffi cult, would be an evaluation by 

 systematic review of the different operative 
approaches already in clinical practice. For exam-
ple, does the wide variation in surgical approaches 
for correction of primary adult spinal deformity 
make a difference? The large number of different 
surgical techniques testifi es to the reality that in 
many situations, the technique probably does not 
matter as much as one would think. Such ques-
tions often raise strenuous, and occasionally acri-
monious discussions in support of one operation 
over another. There may be a “best solution” in 
the hands of the “best surgeon,” but it is not clear 
if such a hypothetical “best” surgical technique 
can be done successfully by every surgeon. A less 
complicated operation may serve patients better 
when done successfully by most surgeons [ 22 ]. It 
is important for surgeons to not only adhere to the 
best evidence in managing their patients but, more 
importantly, to know their limitations and comfort 
zone for using a new technology. 

4.6.1     Where to Start with Evidence- 
Based Spine Surgery? 

 If one wants to dive in EBM in a fi eld relatively 
new to this discipline, it can be diffi cult to know 
where to begin. One has to elaborate a clear 
research question, and go on from there, starting 
with already available knowledge on the topic. 
In addition to expert opinion, a physician 
searching for understanding would be infl u-
enced by his knowledge of experimental physi-
ology. Understanding about how the body 
functions and reacts is derived from laboratory 
experiments designed to validate or invalidate 
hypotheses. This scientifi c method is the basis 
for research in the biological, physical, and 
chemical sciences. The manner in which medi-
cal knowledge accrues has changed over time. 
As Geoff Watts has written: “Knowledge doesn’t 
suddenly appear in neat and tidy quanta. Like 
patches of lichen spreading over a rock face, it 
accretes over decades” [ 30 ]. Each key develop-
ment is built upon earlier ideas. 

 Clinical trials are not a recent research tool. 
There is actually evidence of what may be the 
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fi rst clinical trial in the biblical book of Daniel. 
Neuhauser and Diaz [ 31 ] provide a refreshing 
look at the original clinical trial in their 2004 
article on the topic. Example of other famous tri-
als that were conducted in the eighteenth century 
focused on scurvy and smallpox. These types of 
trials slowly made their way into the medical lit-
erature. Initially, most trials included only a few 
patients and sometimes produced confl icting or 
inconclusive results. The same is true today in 
the surgical literature. Critical appraisal was 
born initially from the necessity to assess and 
improve the methodological quality of research, 
in order to draw appropriate conclusions from 
the literature. 

 Meta-analyses were developed in social sci-
ences around the same time, as a quantitative tool 
to combine and synthesize fi ndings from a large 
number of smaller studies, hoping that the data, 
when considered as a whole, would either sup-
port or dispel a hypothesis. The importance of 
meta-analyses in medicine was identifi ed by 
Chalmers et al. [ 32 ], where the pooling of indi-
vidual studies together increases the power and 
builds a meaningful body of evidence on a topic. 
They are now increasingly carried out in medi-
cine and provide one of the highest levels in the 
hierarchy of evidence. Of importance is the 
establishment of the fi rst Cochrane Centre, in 
response to Archie Cochrane’s comment about 
the medical profession not having created a data-
base of published clinical trials according to spe-
cialty, to be constantly updated. The Cochrane 
Collaboration publishes systematic reviews that 
are considered of high methodological quality, 
and their handbook is a key tool for whoever is 
interested in conducting systematic reviews. 

 All of the abovementioned tools –  experimental 
physiology, clinical trials, and meta- analyses – 
can contribute to clinical decision-making in 
spine surgery; however, the quality of the evi-
dence from each of these sources differs. An 
EBM practitioner would rely more on meta- 
analyses than physiological studies in regard to 
patient care decisions and would additionally 
consider the clinical situation and patient values 
along with clinical evidence in making patient 
recommendations for treatment.      
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