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Introduction

A 1992 article in The Journal of the American Medical
Association (JAMA) described Evidence-Based Medi-
cine (EBM) as a “paradigm shift”; one that would re-
quire new skills of physicians and new areas of teaching
for residents to be able to find, appraise, and integrate
findings into clinical practice to improve outcomes and
patient care.! Almost 30 years of sifting through the ever
growing body of evidence for any topic and being able
to identify quality research that may help guide clinical
decision making remains challenging.

To aid surgeons with deciphering the quality of the
growing body of literature, the Journal of Bone and
Joint Surgery (JBJS), among others, introduced Levels
of Evidence (LOE) to the journal in 2003. The goal of
this addition was to clarify research questions and help
surgeons contextualize quality when deciding whether to
apply results to their clinical dilemmas.? The caveat was
made at the time that this was to be a guide and critical
appraisal was needed for in-depth assessment. The most
recent LOE guide for JBJS is adapted from the 2011 Ox-
ford Centre for Evidence-Based Medicine Guide® which
also highlights that levels of evidence may be changed
based on several factors. Effect size, study quality, im-
precision, or indirectness of the study question may all
lead to downgrading the LOE.

The purpose of this article is to define LOE commonly
used in the orthopaedic literature and to highlight that
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LOE alone is not always sufficient for assessing the
quality of the evidence presented.

What Are Levels of Evidence?

Levels of evidence are classification systems that use a
hierarchal structure to indicate where the research in
question may fall in regard to the strength of the recom-
mendations. Finding the highest LOE available may help
physicians make clinical decisions with confidence.
LOE as a structure for examining research appeared in
the 1970s and 80s. For example, a 1979 report by the
Canadian Task Force examined evidence regarding pe-
riod health examination* and provided a classification
for examining the evidence with three levels.

Sackett then described levels of evidence to assess an-
tithrombotic therapy in 1989° and similar to the Cana-
dian Task Force, placed randomized control trials (RCT)
at the highest level. However, this work acknowledged
with the classification of a Level II that not all RCTs are
equal when it comes to quality of evidence. Both of
these early LOE classifications place research design
with less risk of bias at the top. However, these early
systems were more simplistic than contemporary LOE
classification.

Contemporary classifications for LOE include subdivi-
sions for different categories of research. The current
LOE hierarchy that is used by JBJS? is also used by the
Journal of Pediatric Orthopaedics (JPO) and catego-
rizes research into diagnostic, therapeutic, prognostic,

www.jposna.org



JPOSNA

Volume 3, Number 2, May 2021

Levels of Evidence for Primary Research Question

Types of Studies

Diagnostic Studes—

Econamic and Decision
Analyses—Developing

Investigating a an Economie or
Diagnostic Test Decision Model

1. Testing of previously 1. Clinically sensible costs
developed diagnostic and alternatives; val
criteria in series of ues obtained fram many
censecutive patients studies; multiway
[with universally applied sansitivity analyses
reference “gold” standard) 2. Systematic review” of

2. Systematic review” of Levell studies
Level studies

1. Development of diagnostic 1. Clinically sensible costs
criteria on basis of eon- and alternatives; val
seculive patients (with ues ebtained fram lim-
universally applied refer- ited studies; multivay
ence “gold” standard) sensitivity analyses

2. Systematic review” of 2. Systematic review® of
Levekll studies Lewval-ll studies

1. Study of nonconsecutive 1. Limitad altermativas
patients (no congistantly and costs; poor
applied reference *gold” estimates
standard) 2. Systematic review”

2. Systematic review” of of Levekll studies
LevaHll studies

1. Case-control study Ne sensitivity analyses

2. Poor reference standard

Expert opinion Expert opinion

1. All patients were enrolled at the same point in their disease course (inception cohort) with =80% follow-up of enrolled patients.

5. Patients with a particular outcome (“cases” with, for example, a failed total arthroplasty) were compared with those whe did not have the

Therapeutic Studies— Pragnostic Studies—
Imvestigating the Imvestigating the
Results of Treatment Outcome of Disease
Level | . Randomized controlled 1. Prospective study*
trial 2. Systemaltic review’
a. Significant difference of Level- studies
b. No significant difference
but narmow confidence
intervals
. Systematic review” of
Levell randomized con-
trolled trials (studies
ware hamogensous)
Level I . Prospective cohort 1. Retrospective stisdy’
study’ 2. Study of untreated
. Poor-quality randormized controls from a
controlled trial (e.g., previous randomized
<B0% follow-up) controlled trial
. Systematic review” 3. Systematic review®
a. LenseHl studies of Level-ll studias
b. nonhomogeneous
Leveld studies
Lewl NI . Case-control study®
. Retrogpective cohort
study”
. Systematic review”
of Levelll studies
Level IV Case series (no, or Case seres
historical, cantrol group)
Level V Expert opinion Expert apinion
2. A study of results from two or more previous studies.
3. Patients were compared with a control group of patients treated at the same time and institution.
4. The study was initiated after treatment was performmed.
outcome (“controls” with, for example, a total hip arthroplasty that did not fail).

Table 1. Contemporary Levels of Evidence used by JBJS and JPO. In: Wright, J.G., M.F. Swiontkowski, and
J.D. Heckman, Introducing levels of evidence to the journal. J Bone Joint Surg Am, 2003. 85(1): p. 1-3.

and economic studies, followed by assignment of the
LOE (Table 1). The Oxford Evidenced-Based Working
group highlights that LOE guidelines should be easy to
use for the busy clinician, but no guideline can be used
without judgement and careful consideration.® The
Working Groups’ most recent modifications of the LOE
table is intended to increase the facility of interpreting
LOE in clinical context.’

Keeping in mind that individual judgement is paramount
in assessing the quality of evidence, we must look
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beyond just LOE but also consider the grade of the evi-
dence. There are formalized systems for grading evi-
dence that help clinicians determine how confident they
can be in recommendations based on the best available
evidence, and they are often used when making clinical
practice guidelines. Whether evidence is graded strong
or weak may depend not only on the LOE but also on ef-
fect size, as well as individual or population circum-
stances. Although the RCT is placed at the top of the hi-
erarchy in LOE classification systems, not all RCTs pro-
vide strong evidence. Similarly, observational study de-
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signs may be categorized as lower LOE but may provide
higher grades of evidence. Sometimes observational
studies may provide the strongest evidence available.

The following examples will highlight well-known re-
search with various study designs and LOE as well as
explore some of the critical appraisal needed to decide if
the research presents best evidence and if recommenda-
tions can be applied in practice. To begin, we highlight
two landmark orthopaedic papers, both multicenter ran-
domized control trials.

Starting High
Should We Fix Clavicle Fractures?

The Canadian Orthopaedic Trauma Society performed a
multicenter randomized trial where they compared oper-
ative and nonoperative treatment of clavicular fractures.
Although prospective in nature, if one were to simply
read the abstract it would lead you to believe that all cla-
vicular fractures should be treated operatively with im-
proved functional outcomes and decreased rates of malu-
nion and nonunion. But there are weaknesses to the
study which deserve mentioning. Fifteen out of 65 pa-
tients originally randomized to the non-operative treat-
ment group were lost to follow up (23%), with an addi-
tional patient deceased; they did not follow one-quarter
of their participants in that arm out for the year. This
has the potential to jeopardize the results with the differ-
ences in patient-reported outcomes compared to the op-
erative treatment group that with 95% follow up at one
year. In addition, eligibility criteria required patients to
be between 16 and 60 years old for this trial, and it is not
reported how many patients were in the adoles-
cent/young adult age group between ages 16-19, thus the
results may not be generalizable to adolescent patient
populations.’

To BrAIST or Not to BrAIST: Bracing for
Adolescent Idiopathic Scoliosis (ALS)

The BrAIST trial® was designed as a multicenter ran-
domized control trial to provide the highest level of
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evidence. The goal was to improve on previous pitfalls
in studies on bracing for AIS and determine whether
bracing prevents progression of high-risk curves to sur-
gical range. When examining the trial for the quality of
the evidence, importantly there was a priori determina-
tion of effect size, a well-defined question and outcome,
randomization, objective assessment of brace compli-
ance, a control comparison group, and blinded curve
measurement system. Despite the heterogeneity of the
AIS population being studied, the experimental design
aimed to minimize bias. However, the number of pa-
tients that accepted randomization was lower than the in-
vestigators had anticipated, citing a strong treatment
preference as the reason for declining randomization. It
is possible that patients and their families were influ-
enced by their own research or unconscious influence of
their surgeon’s preferences. A preference arm was added
to the study protocol to increase enrollment and results
were analyzed in the primary analysis including both
preference and randomized subjects together, with the
randomized cohort analyzed separately. The trial thus
presents Level I and Level II evidence. To reduce the
influence of bias introduced due to the self-selected pref-
erence arm, a propensity adjusted analysis was used;
bias may remain despite statistical adjustment. Even as
originally designed, the trial was not blinded, a practical
limitation of many surgical randomized trials. With the
refinement of classifications of skeletal maturity that is
ongoing the inclusion criteria for skeletal maturity based
on the Risser 0-2 may not have captured the entire at-
risk population. Despite these limitations and the devia-
tion from the purely randomized design, the trail pro-
vides evidence to help guide decision making and coun-
sel families regarding treatment options. This research
frames the discussion with families in ways that were
not previously possible.

Looking Lower

While higher levels of evidence are often desired, there
are many questions that will likely never be answered by
prospective comparative research. The parody article,
“Parachute use to prevent death and major trauma
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related to gravitational challenge: systematic review of
randomized controlled trials” makes this point well.’

Additionally, long-term follow-up and natural history
studies are typically presented as single-center retrospec-
tive studies. This is still valuable information, especially
if there are multiple centers reporting separate studies.

For example:

In 2007, a 45-year follow up of DDH patients treated at
ages 18 months to 5 years with innominate osteotomy and
open reduction showed a 54% survival rate. All of these
patients were treated with traction 2-3 weeks prior to sur-
gery, a practice which is not performed frequently in these
times. Also, at least 20% of hips had subsequent proce-
dures for subluxation, dislocation, or dysplasia.”

In 2020, these same patients were compared with a co-
hort of DDH patients from another center treated with
closed reduction at 18 months to 5 years, also with 40+
years of follow-up. This brought the analysis of the pa-
per up to a level 3 study (retrospective study with com-
parison group). Comparisons were difficult as nearly
20% of these hips also underwent further surgery. In
both studies, outcome and survival decreased after age
40, but the closed reduction group had a higher drop off.
Nevertheless, up until age 40, the closed reduction and
open reduction cohorts had similar survival rates of
around 50%.!!

Despite the confounding variable of further surgery,
selection bias, and other imperfections, these two retro-
spective studies provide the best information we have on
the long-term outcome of DDH treatment in children
ages 18 months to 5 years.

Lower level evidence studies affect our everyday ortho-
paedic knowledge. A 2013 study of the most frequently
cited pediatric orthopaedic papers found that 72% were
level 4 evidence. Consider these examples of low-level
evidence papers that provide us with valuable findings:

e Important descriptions of uncommon condi-
tions—TRASH elbow fractures'?
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e Innovative techniques—Ganz description of sur-
gical dislocation of the hip*®

e  Warnings of significant complications - Wong &
Williams description of thermal capsulorrhaphy'*

Conclusion

Levels of Evidence were introduced as a way to stratify
research projects based on chance of bias. Higher level
(level 1) is generally desired over lower level evidence
(level 4). However, level 1 evidence is not flawless and
often not required to answer clinical questions. Not all
clinical quandaries will be able to be examined through
the lens of a meta-analysis of level 1 evidence or through
level 1 evidence at all. The reader is encouraged to im-
plement fundamentals of literature review and critical
thinking to determine whether the methods of the study
answer the research question and if the outcomes apply
to their specific clinical scenario.
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