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Foreword

Evidence-based medicine (EBM)—or evidence-based
surgery, or evidence-based orthopedics (EBO)—is about
solving clinical problems. In particular, EBO provides tools
for using the medical and surgical literature to determine the
benefits and risks of alternative patient management strate-
gies, and to weigh those benefits and risks in the context of
an individual patient’s experiences, values and preferences.

The term evidence-based medicine first appeared in the
medical literature in 1991; it rapidly became something of
a mantra. EBM is sometimes perceived as a blinkered
adherence to randomized trials, or a health care managers’
tool for controlling and constraining recalcitrant physi-
cians. In fact, EBM and EBO involve informed and effective
use of all types of evidence, but particularly evidence from
the medical literature, in patient care.

EBM'’s evolution has included outward expansion—we
now realize that optimal health care delivery must include
evidence-based nursing, physiotherapy, occupational
therapy, and podiatry—and specialization. We need evi-
dence-based obstetrics, gynecology, internal medicine and
surgery and, indeed, urology and neurosurgery. And of
course, we need evidence-based orthopedics.

Applying EBO to management decisions in individual
patients involves use of a hierarchy of study design, with
high-quality randomized trials showing definitive results
directly applicable to an individual patient at the apex, to
relying on physiological rationale or previous experience
with a small number of similar patients near the bottom
rung. Ideally, systematic reviews and meta-analyses sum-
marize the highest quality available evidence. The hall-
mark of evidence-based practitioners is that, for particular
clinical decisions, they know the quality of the evidence,
and therefore the degree of uncertainty.

What is required to practice EBO? Practitioners must
know how to frame a clinical quandary to facilitate use of
the literature in its resolution. Evidence-based orthopedic
surgeons must know how to search the literature efficiently
to obtain the best available evidence bearing on their ques-
tion, to evaluate the strength of the methods of the studies
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they find, extract the clinical message, apply it back to the
patient, and store it for retrieval when faced with similar
patients in the future.

Traditionally, neither medical schools nor postgraduate
programs have taught these skills. Although this situation
has changed dramatically in the last decade, the biggest
influence on how trainees will practice is their clinical role
models, few of whom are currently accomplished EBO
practitioners. The situation is even more challenging for
those looking to acquire the requisite skills after complet-
ing their clinical training.

This text primarily addresses the needs of both trainees
and of this last group, practicing orthopedic surgeons.
Appearing 20 years after the term EBM was coined, the text
represents a landmark in a number of ways. It is the first
comprehensive EBO text. The book represents a successful
effort to comprehensively address the EBO-related learn-
ing needs of the orthopedic community, and summarize
the key areas of orthopedic practice.

To achieve its goals of facilitating evidence-based ortho-
pedic practice, the text begins with chapters that introduce
the tools for evaluating the original orthopedic literature.
Those interested in delving deeper into issues of how to
evaluate the literature, and apply it to patient care, can
consult a definitive text, the Users” Guides to the Medical
Literature.

The bulk of the current text, however, provides evidence
summaries to guide each of the key common problems of
orthopedic practice. Thorough and up to date at the time
of writing, they provide a definitive guide to evidence-
based orthopedic practice today. That evidence will, of
course, change—and in some areas change quickly.
Clinicians must therefore use Evidence-Based Orthopedics
not only as a text for the present, but as a guide for updat-
ing their knowledge in the future. That future will hope-
fully hold the advent of an evidence-based secondary
journal similar to those that have been developed in other
areas including Evidence-Based Mental Health, Evidence-
Based Nursing, and the ACP Journal Club, which does the



job for internal medicine. These survey a large number of
journals relevant to their area and choose individual studies
and systematic reviews that meet both relevance and
validity screening criteria. These journals present the
results of these studies in structured abstracts that provide
clinicians with the key information they need to judge their
applicability to their own practices. Fame and fortune
await the enterprising group that applies this methodology
to produce Evidence-Based Orthopedics.

Foreword

Whatever the future holds for the increasing efficiency
of evidence-based practice, the current text provides an
introduction to a system of clinical problem-solving that is
becoming a prerequisite for modern orthopedic practice.

Gordon H. Guyatt, MD

Professor

Department of Clinical Epidemiology and Biostatistics
McMaster University, Hamilton, ON, Canada
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Preface

Evidence-based orthopedics, in principle, is simple. It aims
to empower health care providers and patients with valid
and reliable information on which to base important deci-
sions about a therapy, a prognosis, or even a diagnostic
test. But there is a fundamental requisite to finding the
best evidence—finding the time to do it! Evidence-based
practitioners begin with a clinical question, conduct a
comprehensive search to identify high-quality publica-
tions, critically evaluate and appraise the content of the
resultant publications, assimilate the findings across the
literature, and use this new knowledge (or evidence) to
plan their next action. The challenge in medicine is not
the theory of the evidence cycle, but its practicality to
busy clinicians, health care providers and students alike.
The solution has come in the form of pre-appraised
resources in medicine. These resources have been targeted
to clinicians who need answers to clinically important
questions but simply lack the expertise or time to feel con-
fident acquiring and appraising orthopedic evidence.
Resources for the surgical community, specifically our
orthopedic surgical community, are deficient and often
limited in scope.

A desire to create a practical, evidence-based compen-
dium of orthopedic questions and answers fueled the con-
ception and development of Evidence-Based Orthopedics.
This book is a critical evidence resource in the field of
orthopedics, spanning a wide spectrum of topics including
orthopedic medicine, arthroplasty, trauma, spinal disor-
ders, sports, upper extremity and hand, foot and ankle and
oncology.Our approach is simple. Using the principle, “evi-
dence cycle begins and ends with the patient,” we begin all
our chapters with clinical cases and formulate a series of
5-10 top questions about the scenario. Each chapter follows
the evidence cycle for each question towards an evidence-
based recommendation for action. Transparency is the key
to our recommendations. All chapters contain our key
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search strategies, a summary of studies we identified and
our appraisal of this evidence. A trusted resource for best
evidence, readers can quickly review the recommendations
sections in each chapter to gain the evidence-based
summary of the topic.

The uniqueness of Evidence-Based Orthopedics has as
much to do with our global family of expert contributors
as our innovative, standardized format. With over 260 con-
tributors, this book was an enormous undertaking of com-
mitment and purpose. I personally thank each and every
individual, from Associate Editors to Section Editors to
Chapter Contributors for aligning their chapters into the
most comprehensive summary of orthopedics in our field.A
special thank you to our administrative staff, Ngan Pham,
Teresa Chien, Kim Madden, and Ivanna Ramnath, for all
of their diligent work. A heartfelt thanks to our publishing
partners and friends. To Mary Banks, with whom this idea
developed and flourished, this is a testament to the desire
for evidence in the orthopedic community. And to Cathryn
Gates, Jon Peacock, Simone Dudziak, Ruth Swan, and
Brenda Sibbald for all your support in moving our written
words to a beautiful resource for the orthopedic commu-
nity at large.

Finally, this book is as much for me as I hope it is for you.
I have learned from so many of our contributors about
streamlining evidence into palatable segments, with the
overriding goal of making evidence accessible and simply
put, fun! While this book in its publication represents the
best evidence in our field, evidence is not static—and we
will provide online updates to ensure you are always
armed with nothing else but the best evidence.

Mohit Bhandari MD, PhD, FRCSC
McMaster University
Hamilton, ON, Canada
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Committee for Human Medicinal
Products

confidence interval
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C-reactive protein
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computed tomography
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cost-utility analysis
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disease-specific survival
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evidence-based medicine
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Treatment of Cancer
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Food and Drug Administration
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fracture table
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reflex sympathetic dystrophy
reverse total shoulder arthroplasty
resource value unit

SAE
SARI
SB
SBRN
SD
SEAS
SFDA
SFMA
SG
SHS
SI

SIR
SIS

SL
SLAC
SMD
SMFA
SmPC
SNAC
SOB
SP
SPORT
SRS
SS
SSEP
SSI
SSSC

OpenmirrorsTe@m

STAR
STS
STT
SV
TA
TAA
TAM
TAW
TBF
TBL
TBW
TEA
TENS
TFCC
THA
THR
TILT
TKA
TKA
TKR
TNS
TOW
TPBS
TPED
TRALI
TRAP

Abbreviations

serious adverse events
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Scientific Exercises Approach to Scoliosis
State Food and Drug Administration
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standard gamble
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standard incision
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standardized mean differences

Short Musculoskeletal Function Assessment
summary of product characteristics
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syringe pressurization

Spine Patient Outcomes Research Trial
Scoliosis Research Society

synovial sarcoma

somatosensory evoked potentials
surgical site infection
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Scandinavian Total Ankle Replacement
Study of the Treatment of Articular Repair
soft tissue sarcoma
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stable vertebra
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total ankle arthroplasty

total active motion
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total blood loss

tension band wire

total elbow arthroplasty
transcutaneous electrical nerve stimulation
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total hip arthroplasty

total hip replacement
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total knee arthroplasty

total knee replacement

transcutaneous neural stimulation
time off work
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World Health Organization
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Introduction

The traditional approach to solving clinical problems
involves a great emphasis on professional authority, with
the approach being dictated almost exclusively by the
experience and rationale of the clinician.! This approach
was dictated largely by the opinions of practitioners, which
is problematic because there are a wide variety of opinions
and it is reasonable to suggest that not all of these opinions
can be correct. Evidence-based orthopedics is a contrast to
this paradigm and has arisen from a need of effectively

The importance of evidence-based
orthopedics

To fully appreciate the principles of evidence-based ortho-
pedics, it is helpful to have an understanding of the impor-
tance and value of this approach. The ultimate goal of a
clinician is to provide the best clinical care for his or her
patient.4 To that end, the clinician’s own experiences and
training are important assets. However, there is a wealth of
information available in the literature that can assist the
clinician in numerous ways, from assessing the efficacy of

solving clinical problems.! Evidence-based orthogaaﬁ@ MRIrTOrs Gein treatment to recommending lifestyle changes that

part of a broader movement known as evidence-based
medicine, a term first used at McMaster University during
an informal residency training program. Since that time,
evidence-based medicine has entered the vocabulary of
every medical field and has steadily gained prominence.2
Although orthopedic surgeons have been generally slow to
adopt this new approach, it is becoming increasingly
accepted as a positive alternative in patient care.’ Evidence-
based orthopedics does not accept the traditional paradigm
as being adequate to address clinical problems, especially
when considering the large quantity of valuable informa-
tion available to clinicians to help them in their problem-
solving process. Less emphasis is placed on the clinician’s
own professional authority.1 His or her experiences, beliefs,
and observations alone are not enough to make satisfactory
decisions with respect to patient care. Evidence-based
orthopedics promotes the need to evaluate the evidence
available in the medical literature from published research
and integrate it into clinical practice. As such, critical
appraisal of studies is of paramount importance.3

may help prevent illness.® As such, it is important for the
clinician to evaluate and incorporate this evidence into his
or her own reasoning and judgment when considering the
best approach to patient care. A failure to consider such
evidence while adopting a clinical approach may result in
patients being denied the best possible care.* There is a
greater risk of applying an inappropriate treatment or not
applying an appropriate treatment.

Top four questions

1. What are the most important principles of evidence-
based orthopedics?

2. How do you apply these principles to a clinical
approach?

3. What is an example of applying these principles to a
clinical approach?

4. What are some common misconceptions about evidence-
based orthopedics?

Evidence-Based Orthopedics, First Edition. Edited by Mohit Bhandari.

© 2012 Blackwell Publishing Ltd. Published 2012 by Blackwell Publishing Ltd.



SECTION 1 Methodology of Evidence-Based Orthopedics

Least Bias

Randomized Controlled Trials

Controlled Trials
Case Control and Conhort Studies

Cross sectional Studies

Most Bias

Question 1: What are the most important
principles of evidence-based orthopedics?

Patient values

This principle is fundamental to any clinician. The key goal
of good clinical practice is to deliver the highest quality
care to patients, and this can only be done if there is a
thorough understanding of the patient and his or her
problem.! This includes knowledge of the patient’s values,
demographics, and circumstances. Consideration of the
patient’s desires based on their values or preferences is
paramount in evidence-based orthopedics and it must be
considered an important factor when a clinician decides
which course to pursue in order to treat the patient?
Evidence-based orthopedics therefore stresses patient
involvement and understanding. This is positive for ethical
reasons and also for improving patient satisfaction and
care.

The need for evidence

Once the clinician has a thorough understanding of the
problem, he or she can begin to seek evidence to supple-
ment their judgment. The intuition, experience, and ration-
ale of a trained clinician are all immensely valuable and
essential to delivering high-quality care. However,
evidence-based orthopedics seeks to supplement the skills
and judgment of the clinician with the relevant information
that has been gathered about the particular problem.® Such
evidence can assist a clinician with comparing the efficacy
of different types of surgery, an operative vs. a nonopera-
tive approach, and more. This is especially true now
because of the sheer quantity of easily accessible evidence
available to clinicians.’

The evidence is unequal

The large quantity of available data is of benefit to clinicians
looking for the best clinical approach, but it is easy to be
inundated with such large amounts of information.”

Case Reports, Case Series, and Expert Opinion

Figure 1.1 A general hierarchy of evidence,
with the least bias present at the top of the
hierarchy.’

Integrating questionable evidence into a clinical approach
may cause more harm than benefit to the patient.3 Therefore,
evidence-based orthopedics is specific in its emphasis on
evidence published in the literature and careful assessment
of this evidence.” Clinicians must therefore be adept at
understanding study design and critically appraising the
literature.” The various study designs are typically repre-
sented in a hierarchy of evidence (Figure 1.1), where
they are ranked according to the validity of their results.
Expert opinion is at the bottom, being the most susceptible
to bias and producing the most questionable evidence.® At
the top of the hierarchy are randomized controlled trials
and meta-analyses, which are the least vulnerable to bias.
Randomization is an important feature of a study because
of the random allocation of patients to treatment and control
groups, which balances known and unknown prognostic
factors between the two groups.9 However, the clinician
must still determine if the study is methodologically sound.
A poorly designed randomized trial, for example, would no
longer qualify as producing evidence of high Validi’cy.5

Integrating evidence and clinical expertise

The clinician must appropriately apply the relevant evalu-
ated evidence to the clinical problem. This must be done
with the full context of the situation taken into considera-
tion, which is dependent upon the clinician’s expertise and
experience.’ He or she must consider the evidence in light
of the patient’s characteristics: values, preferences, demo-
graphics, medical history and more. The clinician also
knows the specific details of a patient’s condition and
medical problem, which may differ slightly but impor-
tantly from what is discussed in the literature. It is therefore
up to the clinician to use his or her best judgment and skill,
in consultation with the patient, to pursue the best possible
course of action. In other words, that which is indicated by
the evidence as the best course of action will not always
dictate the clinical approach.’



Question 2: How do you apply these principles
to a clinical approach?

The evidence cycle

With the key principles of evidence-based orthopedics
having been presented, a general clinical approach that
employs these principles can be shown. This approach is
called the evidence cycle.*

1. Assess: The first step for the clinician is to thoroughly
understand the patient and his or her problem.

2. Ask: With the patient’s problem in mind, the clinician
must next formulate a research question that seeks a solu-
tion to the problem and lays the foundation for a search of
the literature.

3. Acquire: This step involves obtaining evidence from
databases.

4. Appraise: Next, the clinician must critically appraise the
evidence. It must be determined where the study fits on the
hierarchy of evidence, whether the methodology is sound,
relevance of the results, and so on.

5. Apply: The evidence that the clinician has obtained and
evaluated must now be applied to the patient, but only
with the full context of the situation in mind. The patient’s
values and the circumstances of the problem must be con-
sidered when applying the evidence.

Question 3: What is an example of apply;
these principles to a clinical approach?

Case scenario

A patient presents in clinic with a vertebral fracture. He is
compromised with respect to daily function and also expe-
riences a high degree of pain from this fracture. The goal
here is to relieve the patient’s pain, allow him to at least
partially return to his daily activities and heal the fracture.
A typical procedure for a case like this is vertebroplasty, a
stabilizing surgery that involves injection of a “cement”
substance into the spine. It is widely believed that this
surgery helps to heal such fractures, reduces pain, and
improves daily functioning of the patient."” However, the
patient asks you if this surgery is absolutely necessary
as it is a procedure that he is uncomfortable with. With
knowledge of the patient and their condition established,
you can now begin to search the literature with a specific
question in mind: What is the evidence for the efficacy of
vertebroplasty?

Vertebroplasty is a common procedure and therefore
numerous studies have been published about this type of
surgery. Many of the studies show dramatic positive effects
of this surgery on patients. Healing was found to be accel-
erated, pain reduced, and daily function improved—all
goals of the clinician. However, when it comes time to
evaluate the evidence you have obtained, you notice sig-
nificant flaws in these studies. Not only do they lack ran-
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domization, but there is also no comparison to a placebo
control group." These studies rank quite low on the hier-
archy of evidence.®

On the other hand, a randomized controlled trial from
the Mayo Clinic compared two groups of compression frac-
ture patients.”” One group had the vertebroplasty per-
formed while the control group had a placebo surgery
performed. The result was a lack of significant difference
between the vertebroplasty and the placebo surgery with
respect to pain relief and returning the patient to daily
function.” Another randomized trial from Australia
reached the same conclusions." The studies are methodo-
logically sound, the results are highly relevant, and, as a
randomized trial, it ranks high on the hierarchy of evi-
dence. The evidence generated by this study is therefore of
high validity.

At this point you can return to your patient and inform
him with a high degree of confidence that if he is uncom-
fortable with the surgery, he may choose to forego it
without risking detrimental effects to his recovery.

Question 4: What are some common
misconceptions about evidence-based
orthopedics?

There are many common misconceptions regarding
evidence-based orthopedics.

nmirrors.com

Evidence-based orthopedics replaces the judgment
of the clinician

As previously mentioned, the judgment of the clinician
that arises from professional training and experience is
highly valuable in clinical practice and is irreplaceable.
Evidence-based orthopedics seeks to supplement rather
than replace the authority of the clinician by expanding the
tools he or she uses to achieve the best possible care for
their patients.®

Only randomized controlled trials are

acceptable evidence

Although randomized controlled trials may be of the
highest quality, evidence-based orthopedics does not
suggest that they are to be used as the exclusive source
of information.” Due to ethical and technical considera-
tions, randomized controlled trials are not always a
feasible way to generate the desired information, so
the clinician must turn to the information provided
from other studies.® Alternatively, a randomized controlled
trial available on the issue of interest may have serious
design flaws that bring the validity of the evidence into
question. To approach clinical problems with the most
effectiveness and to improve patient outcomes, it is impor-
tant to consider all types of evidence and apply it if
appropriate.’
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The clinician is bound to a certain course of action
by the evidence

The evidence is to serve as a guide, not as a dictate. It is up
to the clinician to use the evidence as he or she believes
appropriate given the circumstances of the situation.®

Conclusion

A vast amount of information is available to clinicians to
use in an effort to improve patient care. The paradigm of
evidence-based orthopedics stresses the importance of
using this evidence to achieve the best possible outcome
for patients, but only by critically appraising the evidence
and integrating it with the clinician’s own judgment and
knowledge of the specific circumstances of the patient’s
case. It is a practice growing in popularity but also contin-
ues to be hampered by misconceptions, so being familiar
with the principles of evidence-based orthopedics is impor-
tant to any clinician seeking to get the most out of this
alternative approach to patient care.
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Understanding Hierarchies of Evidence
and Grades of Recommendation
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Case scenario

As an attending orthopedic surgeon at a teaching hospital,
you are approached by a medical resident new to the spe-
cialty and eager to learn. As a proponent of evidence-based
medicine, you had asked this resident the day earlier to
“search the literature for recent best evidence on the man-
agement of displaced femoral neck fractures in patients less
than 60 years of age.”

Excited to present his findings, the young resident tells
you, “According to this study I found on a series of 50

order research studies from the most methodologically
sound, to those with less methodological rigor and a higher
propensity for biased results. In addition to providing
readers with a direct grading system, these hierarchies also
allow journals to monitor the quality of the orthopedic
literature.®> Furthermore, it is from these hierarchies that
conclusions can be drawn to set out grades of recommen-
dation and clinical practice guidelines.4

This chapter begins with a discussion of study designs
and examples of hierarchies of evidence for therapeutic
trials. We conclude with a discussion of the grades of rec-
ommendation as put forward by the GRADE Working

patients all treated with internal fixation, the bes@ﬁ%ﬁmirrorﬁtﬁﬁm

management appears to be internal fixation.”
Slightly disappointed, but not surprised, you ask, “But
is this the ‘best available’ evidence?”

Introduction

In making treatment decisions, the practice of evidence-
based medicine mandates the integration of the best avail-
able evidence, patient preferences and values, and clinical
expertise.! Although eliciting patient values and being
mindful of the clinical setting (i.e., surgeon experience,
funding, etc.) are reasonable requests for the busy clinician,
routinely sifting through a myriad of literature, appraising
all relevant articles, and synthesizing findings to ascertain
the “best available evidence” can at times seem over-
whelming.2 Nevertheless, clinicians must be aware of the
evidence that exists so as to provide their patients with
optimal care.

Hierarchies of evidence have been established to assist
clinicians in approaching the medical literature by provid-
ing a measure of quality.3 In general, such hierarchies rank-

Understanding hierarchies of evidence:
therapeutic studies

As mentioned, hierarchies of evidence are important in
helping readers discriminate higher-quality studies from
lower-quality studies, tracking the overall quality of the
orthopedic literature, and knowing the quality of evi-
dence that is incorporated into reviews that inform clini-
cal practice guidelines.2'3 Because of its importance,
orthopedic journals such as the Journal of Bone and Joint
Surgery and Clinical Orthopaedics and Related Research have
started reporting the level of evidence of individual
studies.>®

In the orthopedic literature, several classes of studies
exist including studies of therapy, prognosis, diagnosis,
and economic analysis. These different classes of studies all
have their individual hierarchies of evidence.’ Given that
most of the orthopedic literature consists of therapeutic
studies, this section focuses on levels of evidence for this
specific class.®”
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Therapeutic studies are those that investigate the effect
of a treatment or intervention.’ Several organizations and
groups have developed systems of hierarchy for therapeu-
tic studies, some of which are presented later in this section.
Despite subtle differences, the general principles behind
these hierarchies are the same. They all place those studies
which best minimize bias and are more likely to yield an
accurate estimate of the truth at the top or as highest
quality. In order to understand these hierarchies then, it is
important to discuss which factors favor and diminish bias.
Specifically, this merits a discussion of both study design
and study quality.

Top six questions

. What are randomized controlled trials?

. What are systematic reviews and meta-analyses?
. What are observational studies?

What are case series and case reports?

. What are systems of hierarchies?

. What are grades of recommendation?

SR WN R

Question 1: What are randomized
controlled trials?

Studies of an intervention can be either observational in
nature or have a randomized experimental design.>® The
randomized controlled trial (RCT), in which patients are
randomly allocated to the different treatment arms of the
study, is considered the highest level of evidence. By
the power of randomization, these trials attempt to control
for both known and unknown prognostic factors by dis-
tributing these prognostic variables among all treatment
arms. In this way, the RCT strives to eliminate variation
between treatment arms and in turn, a biased outcome
which could either over- or under-represent the true treat-
ment effect.®

However, the process of randomization in itself does not
make RCTs immune to other methodological flaws that can
compromise study quality and introduce bias into the trial.
For instance, allocation concealment entails that the indi-
viduals responsible for recruiting and allocating patients
into the trial are unaware of which group the next patient
will be randomized to. Methods that fail to uphold alloca-
tion concealment include randomization using chart
numbers, unsealed envelopes, and odd vs. even days.® It
has been shown that failure to uphold allocation conceal-
ment in an RCT can result in an overestimation of the
treatment effect.” Other methodological parameters that
safeguard RCTs from bias include blinding, ensuring
equivalent surgical experience and skill for all treatment
groups, minimizing loss to follow-up, and using the
intention-to-treat principle (assessing patients based on the

groups they were originally assigned to, regardless of
which treatment was actually received).

Question 2: What are systematic reviews and
meta-analyses?

Systematic reviews and meta-analyses of RCTs are also
considered high-level evidence. Systematic reviews rank
highly because they employ a systematic approach in col-
lecting, appraising, and synthesizing data. Meta-analyses
are an extension of systematic reviews, in that they pool
the data across all studies to effectively increase the sample
size and produce a single estimate of the treatment effect."

As for RCTs, there are quality issues that, if unmet, can
shift systematic reviews and meta-analyses lower in the
hierarchy. These studies are only as good as their compo-
nent parts. That is, their quality is directly contingent upon
the quality of studies included in the review. First and
foremost, systematic reviews and meta-analyses that exclu-
sively include RCTs are of higher quality and provide more
compelling evidence than those that include nonrand-
omized studies."* Secondly, even among those meta-
analyses that include only RCTs, the strength of the single
estimate of the treatment effect is dependent on the homo-
geneity of the RCTs. If the included trials have precise and
consistent results, the results of the meta-analyses are
strong, whereas heterogeneous trials with inconsistent
results and large confidence intervals make the statistical
pooling less trustworthy.®

Question 3: What are observational studies?

Not all questions surrounding interventions can be
answered with a randomized trial. Although lower in the
hierarchy of evidence, observational studies remain impor-
tant in answering questions surrounding interventions that
RCTs cannot.

In cohort studies, patients who are exposed to a risk factor
or treatment are compared to unexposed patients. The
patients are followed to determine the rate of occurrence
of the outcome of interest."” This study design works well
for issues of harm, in which randomizing patients to a
harmful exposure or intervention would be unethical. For
instance, an RCT investigating the effect of smoking on
nonunion rates in patients with tibial shaft fractures would
be inappropriate, as forcing a patient to smoke is unethi-
cal.® Among the observational studies, the cohort study
ranks highest on the levels of evidence. The primary reason
is that these studies are often prospective, and thus ensure
more rigorous data collection and more thorough patient
follow-up.® Furthermore, investigators can attempt to
match patients in the different treatment arms for known
prognostic variables, although unknown prognostic vari-
ables may still bias the trial outcome.
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Below cohort studies in the hierarchy of evidence is the
case-control study design. In effect, this study design is the
reverse of the cohort design. A group of patients that have
already developed the outcome of interest are compared to
a similar group of patients who have not developed the
outcome. These groups are then assessed retrospectively
for differences in exposures to risk factors that may be
associated with developing the outcome.” Case-control
studies are valuable when dealing with rare disease enti-
ties, or for those outcomes that develop over a long time
(for instance, lung cancer due to smoking), and when mul-
tiple risk factors need to be assessed.” In addition to the
inability to control groups for unknown prognostic factors,
the primary limitation of this study design is its retrospec-
tive nature which makes it more prone to bias.

Question 4: What are case series and
case reports?

Lower in the hierarchy of evidence are case series and case
reports, the former being a description of a series of patients
and the latter being a description of individual patients.
Because these studies have no control group, conclusions
should not be made regarding cause-and-effect relation-
ships.” Often these studies are prone to bias due to their
retrospective nature and have limited generalizability as
they usually depict the experience of a single center or

results are definitive as no generalizations are being made
from a separate population of patients. Secondly, the
authors recognize that both RCTs and observational studies
canupgrade or downgrade levels on this hierarchy, depend-
ing in part on the methodological quality of the trial. Large
observational studies with consistent results can provide
more compelling evidence than RCTs; however, it must be
kept in mind that RCTs have also been shown to contradict
the results of large observational studies with consistent
results.!

In the system used by the Centre for Evidence-Based
Medicine at Oxford University,”” not only are there five
levels of evidence, but sublevels within them. Furthermore,
the study design in itself does not determine level of evi-
dence as study quality is also taken into consideration by
this system. For instance, high-quality RCTs with precise
estimates of treatment effect are considered level I evi-
dence, whereas lower-quality RCTs with less methodologi-
cal rigor are considered level II evidence.”” The Oxford
levels of evidence have also been developed for other
classes of study, such as studies regarding prognosis, diag-
nosis, and economic analyses. These levels of evidence are
easily accessible at the Oxford Centre for Evidence-Based
Medicine website, www.cebm.net.”> In a review of the
orthopedic literature in 2003, it was demonstrated that only
11.3% of studies (therapy, prognostic, diagnostic, and eco-
nomic) qualify as level I according to the Oxford levels of

surgeon. These studies are valuable, however, forQREMBYITOrSeGte.”

ing rare diseases or complications of interventions, and for
generating hypotheses that can be investigated by higher-
quality research methods.® The young resident described
in the scenario at the beginning of this chapter was indeed
referring to a case series.

Question 5: What are systems of hierarchies?

As mentioned, several organizations and groups have
developed systems for rank-ordering evidence into levels.”
The hierarchy proposed by Guyatt and Rennie' is: (I) N of
1 randomized controlled trial; (II) systematic review of ran-
domized trials; (III) single randomized trial, (IV) systematic
review of observational studies addressing patient-
important outcomes; (V) single observational study
addressing patient-important outcomes, (VI) physiologic
studies; and (VII) unsystematic clinical observation. There
are two aspects of this system that merit discussion. First,
at the top of the hierarchy is the “N of 1” randomized trial
in which the patient alternates between a period of target
treatment and control treatment. The order is randomized,
both the patient and clinician are blind as to whether target
treatment or control is being received, and the patient con-
tinues alternating until it is concluded that an effect exists
or does not exist. This study ranks highly because the
patient of interest is directly involved in the trial and the

These evidence scales do have certain drawbacks: they
are mostly developed by expert opinion and lack valida-
tion; studies are ranked inconsistently across the different
systems making universal communication difficult; and
agreement in which level to assign a study in a given
system is sometimes low (i.e., low inter-rater reliability).**

Question 6: What are grades of
recommendation?

In order to establish a grade of recommendation for an
intervention or treatment, a full systematic review of all
similar studies in terms of the intervention, outcomes, and
patient population, must be carried out.* Furthermore, dis-
cussions with content experts also prove helpful in estab-
lishing grades of recommendation.®

The GRADE Working Group has proposed a grading
system in which they outline four factors that need be
considered when giving an intervention one of four pos-
sible grades of recommendation.
 The overall quality of the evidence. Each study included in
the systematic review needs to be assessed for its quality.
It is suggested that the “overall” quality of evidence should
be based on the lowest quality of evidence for outcomes
that are critical in making a decision. This includes both
outcomes regarding benefits and harms associated with the
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Begin with Type of Evidence
Randomized trial = high
Observational study = low
Any other evidence = very low

Increase Grade if:

risk of >2 (<0.5) based on consistent evidence from
confounders (+1)

+ Very strong evidence of association—significant
relative risk of >5 (<0.2) based on direct evidence
with no major threats to validity (+2)

+ Evidence of a dose response gradient (+1)

+ All plausible confounders would have reduced the
effect (+1)

+ Strong evidence of association— significant relative

two or more observational studies, with no plausible

Decrease Grade if:

+ Serious (-1) or very serious (-2) limitation
to study quality

+ Important inconsistency (-1)

+ Some(-1) or major (-2) uncertainty about
directness

+ Imprecise or sparse data (-1)

+ High probability of reporting bias (-1)

may change the estimate

likely to change the estimate

Very Low = Any estimate of effect is very uncertain

Final Grade

High = Further research is very unlikely to change our confidence in the estimate of effect

Moderate = Further research is likely to have an important impact on our confidence in the estimate of effect and

Low = Further research is very likely to have an important impact on our confidence in the estimate of effect and is

Figure 2.1 Assigning grades of evidence by GRADE Working Group. (Reproduced from Grading quality of evidence and strength of recommendations,
Atkins D, Best D, Briss PA, et al, 328, 1490, 2004 with permission from BMJ Publishing Group Ltd.)

intervention.? In grading studies, this system combines
four elements of the trial: study design, study quality, con-
sistency, and directness. Consistency refers to similarity in
results across other studies addressing the same issue. If an
inconsistency is present—for example, differences in direc-
tion of treatment effect—than the grade of recommenda-
tion is considered lower quality as we are less confident
about the results. Directness refers to how well the study
can be generalized to the patients of interest. It takes into
account how similar the study patients, interventions, and
outcome measures are to those of interest to the clinician,
patient, and clinical setting. In placing a study within this
hierarchy, this system first assigns a grade of either “high,”
“low,” or “very low”, based solely on study design. From

10

there, study quality, consistency, and directness influence
the final grade of the study which will be either “high,”
“moderate,” “low,” or “very low” (Figure 2.1).2

o The benefits vs. harms (i.e. trade-offs). This necessitates
placing a value judgment on each outcome. It is important
to consider the setting and the values of the patient popula-
tion of interest.”

e Translating the evidence into a specific setting. Practical
issues that may influence the size of the treatment effect
also need to be considered. For instance, if the success of
an intervention depends on a surgeon’s level of training,
then the availability of the necessary expertise must be
considered.’

e Baseline risk for population of interest.
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After considering these four factors, there are four cate-
gories of recommendation to place an intervention in: “do
it,” “don’t do it,” “probably do it,” and “probably don’t do
it.” The categories “do it” and “don’t do it” indicate a judg-
ment that most well-informed people would make, whereas
the categories “probably do it” and “probably don’t do it”
indicate a judgment that a majority of well-informed
people would make, but a substantial minority would not.?

A recommendation for an intervention does not always
apply universally across all patients. It remains important
to consider the individual patient, inform them of all
options, and invite them into the decision-making process.
Grades of recommendation facilitate and aid this decision-
making process by taking into account the best available
evidence and the general values of the population of inter-
est. It is important to remember that it facilitates, but does
not replace, the decision-making process.”

Conclusion

Various hierarchies of evidence have been developed for
the different classes of studies (therapeutic, prognostic,
diagnostic, economic) and, within the therapeutic class
alone, several systems have emerged. The majority of these
hierarchies take into account study design and study
quality to place studies into levels. Those with a more
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Introduction

Surgical innovation is the core of orthopedic surgical prac-
tice. However, many surgical procedures are innovations
that are brought into practice with a degree of uncertainty.
Therefore, critical appraisal skills are necessary to make
informed decisions about patient care based on the evi-
dence available.

Evidence-based orthopedic surgery makes use of a clear
definition of relevant clinical questions through a literature
search pertaining to the questions, a critical appraisal of
available evidence and its applicability to the clinical situ-
ation, and a balanced application of the evidence to the
clinical problem. Critical appraisal involves a judgment on
how much confidence can be placed in the evidence and
recommendations provided by a stucly.1 However, what is
the “best available” evidence? Randomized controlled
trials (RCTs) are considered to be the highest level of evi-
dence, as randomization is the optimal method to balance
known and unknown prognostic factors in treatment and
control groups in therapeutic studies. However, RCTs
cannot answer all clinical questions.2 Randomized control-
led trials compose 14% of published articles in the medical
literature.’> In some cases, it is unethical to randomize
patients to certain prognostic or risk factors. Moreover, due
to sample size and follow-up requirements, RCTs may not
always feasible. Therefore, in orthopedic surgery, lower
forms of evidence often provide valuable insights that
RCTs cannot. The most important idea to keep in mind is
that evidence-based orthopedic surgery makes effective
use of the all types of available evidence in clinical decision-
making, whether it be an RCT or a case review.? The tools
for critical appraisal discussed in this chapter will help

orthopedic surgeons successfully bring evidence into
practice.

Top three questions

1. What are the criteria for determining level of evidence?
2. What are the steps involved in critical appraisal?

3. What are some other examples of tools for critical
appraisal?

Question 1: What are the criteria for
determining level of evidence?

Guidelines, or recommendations, have been developed sys-
tematically by panels of people with access to the available
evidence and an understanding of the clinical problem and
research methods. However, different organizations use a
variety of systems to grade the quality of evidence and the
strength of recommendations, thus creating confusion and
hindering effective communication.' Recently, the GRADE
(Grading of Recommendations Assessment, Development
and Evaluation) working group, interested in the shortcom-
ings of varied grading systems in health care, devised a
new rating system to address such inadequacies (Table 3.1).
The advantages of this system over others are that it makes
clear what each of the grades indicates, as well as what to
consider when assigning these grades. Furthermore, it
ensures the proper consideration of the key components of
quality of evidence (e.g., study design, quality, consistency,
and directness of evidence), relative importance of out-
comes, trade-offs between important benefits and harms,
as well as other factors affecting the quality of evidence
(e.g., imprecise or sparse data, reporting bias, strength of
association, and confounding variables)."*
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Table 3.1 GRADE criteria for assigning grade of evidence, which
consists of a quality assessment and a summary of findings'
(Reproduced from Grading quality of evidence and strength of
recommendations, Atkins D, Best D, Briss PA et al , 328,1490-1497,
2004 with permission from BMJ Publishing Group Ltd.)

Type of evidence

Randomized trial = high quality

Quasi-randomized trial = moderate quality

Observational study = low quality

Any other evidence = very low quality

Decrease grade(s) if:

Serious (=1) or very serious (-2) limitation to study quality
Important inconsistency (—1)

Some (=1) or major (=2) uncertainty about directness
Imprecise or sparse data (-1)

High probability of reporting bias (1)

Increase grade(s) if:

Strong evidence of association—significant relative risk of >2 (<0.5)

based on consistent evidence from two or more observational studies,
with no plausible confounders (+1)

Very strong evidence of association—significant relative risk of >5
(<0.2) based on direct evidence with no major threats to validity (+2)

Evidence of a dose response gradient (+1)

All plausible confounders would have reduced the effect (+1)

Question 2: What are the steps involved in
critical appraisal?

Surgical interventions often have inherent benefits and
associated risks. A three-step approach can be helpful in
appraising surgical interventions:

1. Are the results of the study valid? The validity of a study
concerns the credibility of the results. In this step, one
should examine the degree to which the reported estimate
of the treatment effect represents the underlying true
effect, or whether the results represent an unbiased esti-
mate of the treatment effect. Systematic error or bias is
the first factor that can impact confidence in research
results. Bias is directly linked to the design and execution
of a study, and thus, the first step in critically appraising a
study is to question its validity as well as the extent to
which bias is present.5 Bias is particularly undesirable
when the conclusions influence medical decisions.® If the
results are indeed valid, it may be feasible to examine
the results further.®

2. What are the results? In this step, one should examine the
size and precision of the treatment’s effect, which may be
superior in larger studies, such as multicenter trials.®

3. How can these results be applied to practice? This final
step involves two parts: generalizability of the results and
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the net impact of the treatment. Generalizability is con-
cerned with how similar or dissimilar the patient in ques-
tion is in comparison to those who participated in the trial.
The net impact of the treatment is dependent on the ben-
efits and risks of the treatment, as well as the consequences
of withholding treatment.®

Although this chapter focuses on the evaluation of
studies investigating therapy, it is also important to con-
sider other study designs because of their inherent differ-
ences in bias. The hierarchy of evidence ranks literature on
the basis of how accurately it provides an estimate of the
truth, or how rigorous the study design is. There are three
steps in classifying a clinical study.

e First, one must determine whether a study is investigat-
ing the results of a treatment, the outcome of a disease, or
a diagnostic test, or developing a decision analysis.

¢ Then, one must place the study in the hierarchy between
level I and level V evidence (see Chapter 2).

e Finally, the study needs to be subclassified within the
level of evidence.”

Using this three-step approach, this chapter discusses
how to critically appraise studies investigating therapy,
diagnostic tests, and prognosis. For an in-depth look at
selecting the appropriate diagnostic tests and therapies,
and determining the most likely prognoses for patients, see
Chapter 4.

Openmirrors efi¥investigating therapy

e Step 1: Are the results of the study valid?

When assessing the validity of a study investigating a ther-
apeutic approach, one must ask if the patients were rand-
omized. The goal of surgical treatment studies is to
determine the impact of an intervention on the trial’s target
outcomes or events such as reoperations, infections, and
death. Prognostic factors determine the frequency with
which a trial’s target outcome occurs. Bias can occur when
prognostic factors are unbalanced between the treatment
and control groups. The randomization of participants
eliminates this bias by enabling an equal distribution of
prognostic factors between the two groups.” Randomization
should also be concealed, as unconcealed randomization
may cause surgeons to selectively enroll sicker or less sick
patients to either treatment or control groups, leading to a
biased result.’”

One must also ask if patients were analyzed in the groups
to which they were randomized. Analyzing patients to the
group to which they were randomized is known as the
“intention-to-treat” principle.” For example, a patient may
be assigned to receive a procedure, A, but due to a technical
difficulty (e.g., bleeding), the surgeon may decide to carry
out the alternative procedure, B. If this occurred with every
patient with a poor prognosis, only those with a good
prognosis would receive procedure A, resulting in an over-
estimation of its treatment effect.®
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Patients in the treatment and control groups should also
be similar with respect to known prognostic factors. If the
treatment groups are not similar at baseline, statistical tech-
niques can allow for the adjustment of the study result for
baseline differences. A small sample size can result in an
unbalance in prognostic factors and can also be statistically
neutralized.

The sources of blinding in the study must also be deter-
mined. By blinding patients, investigators are able to avoid
the effects of patient awareness of allocation (placebo
effects) and therefore add credibility to the results of their
study. However, in some surgical trials, it may be unethical
or impossible to blind patients, especially if the trial is
comparing surgical with medical treatments. Those who
are assessing outcome, such as those interpreting the data,
the adjudication committee, and study personnel, should
also be blinded to ensure that the outcome is assessed in a
uniform manner in both experimental and control groups.
Blinding becomes especially important when a judgment
is necessary to determine whether a patient has suffered a
target outcome, such as a nonunion.”

Finally, one must ask whether follow-up of patients was
complete. Patients whose status is unknown or lost to
follow-up can result from the patient not returning to the
clinic for assessment, due to either suffering adverse out-
comes or doing well.”? It is a threat to the validity of a
study, because patients who are lost commonly have dif-
ferent prognoses from those who are not lost. A study’s
validity is not compromised if the inferences following a
study’s conclusions are not altered by assuming the worst-
case scenario (i.e., all patients lost to follow-up had the
worst outcome). The rule of thumb to use when assessing
loss to follow-up is that a study that loses 20% of its patients
to follow-up has poor follow-up procedures.”

e Step 2: What are the results?

Outcomes in RCTs can be continuous (e.g., blood pressure,
points in a functional outcome measure) or dichotomous
(e.g., reoperation, death, infection). Dichotomous meas-
ures are more frequently used in RCTs to monitor how
often patients experience an adverse event or outcome.”?
Results can be presented as the absolute risk reduction, abso-
lute risk difference, or more simply, the difference between
the proportion who suffered an adverse event in the
control group and the proportion who suffered an adverse
event in the treatment group. The impact of the treatment
can also be presented as a relative risk, or the risk of an
adverse event in patients in the treatment group relative
to those in the control group. Dichotomous treatment
effects are most commonly reported as the complement of
the relative risk, or the relative risk reduction. The relative
risk reduction is expressed as a percentage. A greater rela-
tive risk reduction indicates a more effective therapy.
Therefore, a relative risk reduction of 70% means that the
treatment under study reduced the risk of patients experi-
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encing an adverse event by 70% relative to the risk among
control patients. Investigators may also calculate the hazard
ratio or the relative risk over a period of time in a survival
analysis.”®

The precision of the estimate of treatment effect should
also be discerned. Greater precision allows for greater con-
fidence to be placed in the results. The precision can be
determined in a rudimentary manner through the p value,
which demonstrates how often an apparent estimate of a
treatment effect will occur in a long run of identical trials
if, in reality, no true effect exists. The p value does not assist
clinicians in determining the range within which the treat-
ment effect estimate resides. This job is reserved for the
confidence interval ®

The confidence interval is a set of values in which one can
be confident that the true value of the point of estimate
resides. This is an arbitrarily chosen breadth; 95% is com-
monly used. A confidence interval of 95% means that if
the study is repeated 100 times, the point of estimate will
be found within the range of the confidence interval 95
times. The greater the sample size, generally, the narrower
the confidence interval, and the greater the precision and
confidence.?

e Step 3: How can these results be applied to practice?
The patients one sees in surgical practice frequently differ
from those enrolled in the trial. If a patient meets all the
inclusion criteria and does not violate any of the exclusion
criteria, one can apply the results directly to that patient
with substantial confidence.®” Treatments are not uniformly
effective, however, and RCTs estimate an average treat-
ment effect.” This proves to be a limitation and applying
these effects could mean that some patients benefit while
others may not. An additional problem arises when a
patient’s characteristics fit within a subgroup of a study in
which the investigators performed a subgroup analysis
showing a benefit for that particular subgroup. Itis common
for investigators to test multiple subgroups, seeking any
significant effect after the data becomes available.® Since
they are not planned ahead of time, subgroup analyses
should be assessed rigorously and met with a degree of
uncertainty.”

When asking how the results of a study could be applied
to practice, one also needs to determine whether all clini-
cally important outcomes were considered. Treatments
should result in improved outcomes that are important to
patients, such as preventing reoperations, improving func-
tion, or survival.” Moreover, because conventional RCTs
estimate average treatment effects, one must remember that
few real patients will fit perfectly within a subgroup. Keep
in mind that patients have their own values and beliefs,
and often have other problems with their health. Therefore,
all treatments are not uniformly effective; some patients
may be exposed to the risks of treatment without achieving
any benefit.”



Studies investigating diagnostic tests Most tests can separate
healthy persons from those who have a severe condition.
However, this is not indicative of the clinical utility of a
test. The true value of diagnostic test studies lies in its
resemblance to clinical practice and the ability of the tests
to distinguish between conditions that might otherwise
be confused. Therefore, when assessing the validity of
a diagnostic test study, readers must ask if clinicians face
diagnostic uncertainty. Readers must also ask whether an
appropriate and independent reference standard (e.g.,
biopsy, surgery, autopsy, etc.) has been applied in a blind
comparison of the accuracy of the diagnostic test in both
treatment and control groups. The diagnostic test under
study must not be part of the gold standard. Finally, when
assessing the validity of such studies, one must ask whether
the results of the diagnostic test influence the decision to
perform the reference standard. This is also called verifica-
tion bias or workup bias."®

When assessing the results of diagnostic test studies,
readers need to ask what likelihood ratios were associated
with the range of possible test results. A likelihood ratio
indicates the degree to which a specific diagnostic test
result will increase or decrease the pretest probability of the
target disorder. In other words, it is a ratio of two likeli-
hoods: (1) how likely is it that patients with the condition
will have positive test results? and (2) how often is the
same test result is found among people in which a condi-
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tions. To assess the validity of such studies, readers
should ask whether the sample of patients was representa-
tive, whether patients were sufficiently homogenous with
respect to prognostic risk, whether follow-up was suffi-
ciently complete, and whether objective and unbiased
outcome criteria were used. To assess the results of studies
investigating prognosis, one should ask how likely the
outcomes are over time, and how precise are the estimates
of likelihood. When applying the results to patient
care, one should examine whether study participants are
similar to those in their practice. One should also take into
account the sufficiency of the length of follow-up and
whether the results can be applied to manage patients in
their practice."

Question 3: What are some other examples of
tools for critical appraisal?

Although this chapter focuses on one tool for critical
appraisal, others do exist and are commonly used. There
has been much progress internationally in the development
of guidelines for critical appraisal, and these guidelines
may be the most suitable for the local circumstances in
which they were developed. The National Guideline
Clearinghouseis a publicly accessible resource for evidence-
based clinical practice guidelines (http://www.guideline.
gov) from institutions, professional societies, and govern-

tion was suspected but has been ruled out? In gENRRINTHITOIG&EAMencies worldwide.?

the likelihood ratio is greater than 1, there is an increased
probability that the target disorder is present, while likeli-
hood ratios of less than 1 decrease this probability.
Sensitivity and specificity can also be used to interpret the
results of diagnostic test studies; however, the likelihood
ratio approach is recommended because of its simplicity
and efficiency."

When seeking to apply the results of a diagnostic test
study to patient care, one should ask if the reproducibility
of the test result and its interpretation will be satisfactory
in their clinical setting, whether the results are applicable
to the patient in question, whether the results will change
their management strategy, and finally, whether patients
will be better off as a result of the test.

Studies investigating prognosis Having an idea of a patient’s
prognosis is valuable in making the right diagnostic and
treatment decisions. If a patient is at a low risk for adverse
outcomes, high-risk, expensive, or toxic procedures are
probably not the best idea. Similarly, a patient may be
destined to experience adverse outcomes no matter the
treatment offered. Aggressive therapy in such patients will
prolong suffering and waste resources. Prognosis is also
useful in the resolution of issues that are broader than the
care of the patient in question, such as using outcomes to
compare the quality of care across clinicians and institu-

Many international groups have created guidelines to
ensure that different types of studies contain all of the
necessary information to ensure readers can adequately
evaluate the study. Each of these guidelines has their own
benefits and limitations.” One of these guidelines includes
the CONSORT (Consolidated Standards of Reporting
Trials) statement for RCTs." This statement or set of guide-
lines provides a 25-item checklist pertaining to the content
of the title, abstract, introduction, methods, results, discus-
sion, trial registration, protocol, and funding. It also pro-
vides a flow diagram which depicts information from the
enrolment, intervention allocation, follow-up, and analysis
stages of an RCT. The statement is flexible and continu-
ously evolving, as the checklist and flow diagram can be
modified to incorporate new evidence required to properly
evaluate a trial. In this way, the guideline is developed
using an evidence-based approach. Limitations of the
CONSORT statement include its specificity to two groups,
parallel randomized controlled trials and meta-analyses,
and the absence of recommendations for designing and
conducting RCTs."%

Not only are there guidelines to assess the quality of
evidence provided by clinical research, there are also
guidelines which have been developed to appraise the
quality of other clinical guidelines. The AGREE (Appraisal
of Guidelines, REsearch, and Evaluation) statement is
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designed to evaluate the quality of clinical practice guide-
line development and how well the process of develop-
ment is reported. The instrument is the first of its kind to
be developed and tested internationally and consists of six
quality domains: scope and purpose, stakeholder involve-
ment, rigor of development, clarity and presentation,
applicability, and editorial independence. The statement
can be used by a wide range of professionals in European
and non-European countries and provides standards for
the planning, execution, and monitoring of guideline pro-
grams.'® Because it uses a numerical scoring scale, it also
facilitates the comparison of different guidelines interna-
tionally.'"*"” However, the instrument is not without its limi-
tations. First, it is difficult to classify a clinical practice
guideline as “good” or “bad” because it is impossible to set
thresholds for the domain scores. In addition, the instru-
ment does not address the clinical content or the quality of
evidence supporting the recommendations of clinical prac-
tice guidelines. This is also a common problem with other
existing tools for critical appraisal.”

Conclusion

There has been a shift in practice from an approach involv-
ing anecdotes, previous experiences, and expert opinions,
to one that attempts to incorporate the best and most
current available evidence into clinical practice.”’
Orthopedic surgeons today are faced with the challenge of
providing medical care that stems from valid and current
evidence. As the credibility of clinical results varies from
study to study, it is imperative that surgeons adopt an
approach that selects only for valid results to be applied to
practice.® Critical appraisal of the orthopedic literature
achieves this goal in an objective and structured manner.*'®

References

1. Atkins D, Best D, Briss PA, et al.Grading quality of evidence and
strength of recommendations. BMJ 2004;328:1490-7.

2. Bhandari M, Joensson A, eds. Myths and misconceptions about
evidence-based medicine. In: Clinical Research for Surgeons,
p- 13. Thieme, New York, 2009.

16

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Bhandari M, Giannoudis PV. Evidence-based medicine: what it

is and what it is not. Injury 2006;37:302—-6.

. Petrisor BA, Keating J, Schemitsch E. Grading the evidence:

Levels of evidence and grades of recommendation. Injury 2006;
37:321-7.

. Schiinemann H]J, Bone L. Evidence-based orthopaedics: A

primer. Clin Orthop Relat Res 2003;413:117-32.

. Raslich MA, Onady GM. Evidence-based medicine: Critical

appraisal of the literature (critical appraisal tools). Pediatr Rev
2007;28:132-8.

. Bhandari M, Haynes RB. How to appraise the effectiveness of

treatment. World ] Surg 2005;29:570-5.

. Bajammal S, Bhandari M, Dahm P. What every urologist should

know about surgical trials Part I: Are the results valid? Indian J
Urol 2009;24:281-8.

. Busse JW, Heetveld MJ. Critical appraisal of the orthopaedic

literature: Therapeutic and economic analysis. Injury 2006;37:
312-20.

Jaeschke R, Guyatt G, Lijmer J. Diagnostic tests. In: Guyatt G,
Rennie D, eds. Users’ Guide to the Medical Literature, pp. 49-52,
121-137. McGraw Hill, New York, 2002.

Randolph A, Cook DJ, Guyatt G. Prognosis. In: Guyatt G, Rennie
D, Meade MO, Cook DJ, eds. Users’ Guide to the Medical
Literature, 2nd edn, p. 513. McGraw Hill, New York, 2008.
Poolman RW, Verheyen C, Kerkhoffs GM et al. From evidence
to action Acta Orthop 2009;80:113-18.

Brand RA. Standards of reporting: the CONSORT, QUORUM,
and STROBE guidelines. Clin Orthop Relat Res 2009;467:
1393—-4.

Moher D, Schulz KF, Altman DG. The CONSORT statement:
revised recommendations for improving the quality of reports
of parallel group randomized trials. BMC Med Res Methodol
2001;1:2.

Schulz KF, Altman DG, Moher D. CONSORT 2010 statement:
updated guidelines for reporting parallel group randomized
trials. PLoS Med 2010;7;1-7.

AGREE Collaboration. Development and validation of an inter-
national appraisal instrument for assessing the quality of clinical
practice guidelines: the AGREE project. Qual Saf Health Care
2003;12:18-23.

Vlayen ], Aertgeerts B, Hannes K, Sermeus W, Ramaekers D. A
systematic review of appraisal tools for clinical practice guide-
lines: multiple similarities and one common deficit. Internat J
Qual Health Care 2005;17:235-42.

Dziri C, Fingerhut A. What should surgeons know about
evidence-based surgery. World ] Surg 2005;29:545-6.



Understanding Diagnosis, Therapy, and

Prognosis

Helena Viveiros', Sarah Resendes®, Tania A. Ferquson®, Mohit Bhandari’,

and Joel Matta*

"McMaster University, Hamilton, ON, Canada
*University of Guelph, Guelph, ON, Canada

xUniversi‘cy of California—Davis Medical Center, Sacramento, CA, USA

4St John’s Health Center, Santa Monica, CA, USA

Introduction

In order to make the best patient care decisions, advocates
of evidence-based medicine (EBM) promote a methodo-
logical approach that integrates the best available evidence
from the medical community, the surgeon’s experience,
and the patient’s personal goals and values (Figure 4.1)."
Many branches of medicine have embraced the principles

not realize RCTs are not the best sources of evidence for
either diagnostic or prognostic studies.

In this chapter we provide three tables listing the hierar-
chy of study design as it applies to studies relating to
diagnosis, therapy, and prognosis.® For each of these types
of studies, systematic reviews are indicated at the pinnacle
as level I evidence, but this space is not shared by RCTs in
each case. For diagnostic studies the best evidence is
retrieved from testing of previously developed diagnostic

of EBM, and orthopedic surgeons are among ifdBEBRRIITOI&EQI in series of consecutive patients (Table 4.1). For

advocates.** Orthopedic surgeons help patients through
three interrelated processes: first, by selecting the best diag-
nostic test for making a sound diagnosis (i.e., determining
the disorder or disease from its signs and symptoms);
second by administering appropriate therapy (i.e., a treat-
ment that is intended to restore health); and third, by pro-
viding the most likely prognosis (i.e., indicating the likely
outcomes for patients within the near future).

Hierarchies of evidence

Orthopedic surgeons wishing to integrate the best research
evidence into their practice should understand what con-
stitutes higher levels of evidence, as well as what consti-
tutes higher quality evidence. A fundamental principle of
EBM is the hierarchy of research study design with the
randomized controlled trial (RCT) and systematic reviews
at the apex.5'6 While many surgeons are aware that RCTs
provide the best evidence for therapeutic studies, many do

therapeutic studies the best evidence is actually found in
ideal RCTs with narrow confidence intervals (Table 4.2).
For prognostic studies the best evidence is derived from
high-quality prospective studies that enrolled all patients
at the same point in their disease and maintained 80% or
greater follow-up of enrolled patients (Table 4.3).

Critical appraisal for validity, results, and
applicability

In this chapter we discuss the relevance of each of these
processes within the context of EBM principles for critical
appraisal of research studies. Five steps are involved in
progressing from a clinical patient presentation to develop-
ing a plan towards a clinical resolution (Figure 4.2).> When
presented with a problem we need to develop a structured
question, and investigate this question by conducting a
literature search for the available evidence. Knowing the
hierarchies of evidence, as they apply to the three different
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EBM
Spheres of Integration
1

Medical
Community
Best Evidence

Surgeon Patient
Expertise Goals & Values

Figure 4.1 Three spheres of integration for evidence-based medicine.

Table 4.1 Levels of evidence for diagnostic studies

Level Diagnostic studies investigating a diagnostic test

| Testing of previously developed diagnostic criteria in series of
consecutive patients (with universally applied reference gold
standard)

Systematic review of level | studies

I Development of diagnostic criteria on basis of consecutive
patients (with universally applied reference gold standard)
Systematic review of level Il studies

Il Study of nonconsecutive patients (without consistently
applied reference gold standard)

Systematic review of level Il studies

IV Case-control study

Poor reference standard

Vv Expert opinion

Table 4.2 Levels of evidence for therapeutic studies

Level Therapeutic studies investigating the results of
treatment

High-quality randomized controlled trial with statistically
significant differences or no statistically significant difference,
but narrow confidence intervals

Systematic review of level | randomized controlled trials (and
study results were homogeneous)

Il Lesser-quality randomized controlled trials (e.g., <80%
follow-up, no blinding, or improper randomization)
Prospective comparative study
Systematic review of level Il studies or level | studies with
inconsistent results

Il Case-control study
Retrospective comparative study

Systematic review of level Il studies
IV Case series

\ Expert opinion
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CLINICAL SCENARIO

Identify your problem (Key Question)
{
Find the best evidence (Literature Search)
l
Critically appraise study validity
{

Critically appraise study results

Critically appraise applicability to your own patient care

CLINICAL RESOLUTION

Figure 4.2 Using the medical literature to provide optimal patient care.

Table 4.3 Levels of evidence for prognostic studies

Level Investigating the effect of patient characteristic on
disease outcome

| High-quality prospective study (all patients were enrolled at
the same point in their disease with >80% follow-up of
enrolled patients)

Systematic review of level | study

Il Retrospective study
Untreated controls from a randomized controlled trial

Lesser-quality prospective study (e.g., patients enrolled at
different points in their disease or <80% follow-up)

Systematic review of level Il studies
1l Case-control study
vV Case series

\Y Expert opinion

types of studies, helps us select the best available study
articles. We can best progress to critical appraisal of these
articles when guided by three overarching questions about
validity (i.e., Are the results valid?), results (i.e., What are
the study results?), and applicability (i.e., How are the
results applicable to patient care?).” These three overarch-
ing questions lead us to eight to nine key subquestions for
consideration for understanding diagnosis, therapy, and
prognosis.

In this chapter we provide three tables to function as
users’ guides for navigating these three questions when
assessing studies of diagnosis (Table 4.4), therapy (Table
4.5), and prognosis (Table 4.6). These tables are based on
two EBM resources. The first is the seminal work, Users’
Guide to the Medical Literature, first presented by the EBM
Working Group in a series of articles and later compiled
into a book.” The second is a related series of articles pub-
lished in the Journal of Bone and Joint Surgery, developed by
a group of orthopedic surgeons who have adopted the



Table 4.4 User's guide for an article about diagnostic tests

1 Are the results valid?
Q1: Did clinicians face diagnostic uncertainty?

Q2: Was there an independent, blind comparison with a
reference standard?

Q3: Did the test results influence the decision to perform the
reference standard?

Q4: Were methods for performing the test described in detail
to permit replication?

Il What are the results?
Q5: Are the test likelihood ratios, or data necessary for their
calculation, provided

1] How can | apply the results to patient care?
Q6: Will reproducibility and interpretation of the test result be
satisfactory in my setting?

Q7: Are the results applicable to my patient?
Q8: Will the results change my management of the patient?

Q9: Will patients be better off as a result of the test?

Table 4.5 User's guide for an article about therapy

1 Validity: Are the results valid?
Q1: Did intervention and control groups start with tl
prognosis?
Were patients randomized?
Was randomization concealed?
Were patients in the study groups similar with respect to
known prognostic factors?

Q2: Was prognostic balance maintained as the study
progressed?
To what extent was the study blinded?

Q3: Were the groups prognostically balanced at the study’s
completion?
Was follow-up complete?
Were patients analyzed in the groups to which they were
randomized?
Was the trial stopped early?

Il Results: What are the results?
Q4: How large was the treatment effect?
Q5: How precise was the estimate of the effect?
1] Applicability: How can | apply the results to patient

care?
Q6: Were the study patients similar to my patient?

Q7: Were all patient-important outcomes considered?

Q8: Are the likely treatment benefits worth the potential
harm and costs?

h
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Table 4.6 User's guide for an article about prognosis

1 Validity: Are the results valid?
Q1: Was the patient sample representative?
Q2: Were the patients sufficiently homogeneous with respect
to prognostic risk?
Q3: Was follow-up sufficiently complete?

Q4: Were outcome criteria objective and unbiased?

] Results: What are the results?
Q5: How likely are the outcomes over time?

Q6: How precise are the estimates of likelihood?

] Applicability: How can | apply the results to patient
care?
Q7: Were the study patients and their management similar to
those in my practice?
Q8: Was the follow-up sufficiently long?

Q9: Can | use the results in the management of patients in
my practice?

principles of EBM.*® The following overview is compre-
hensive but brief. For more detailed discussions, often
accompanied by informative clinical case studies and
examples of study articles, we recommend the Journal of

Boz®Whd Joint Surgery articles. Additionally, for a useful

review of statistics in orthopedic papers we recommend
the review article by Petrie."

Diagnosis

For diagnostic studies the best evidence is retrieved from
testing of previously developed diagnostic criteria in series
of consecutive patients (Table 4.1).” Surgeons make a diag-
nosis by assessing the signs and symptoms of disease or
disorder presented by their patients. Diagnostic decisions
are made by integrating the surgeon’s experienced clinical
judgment and using previously validated diagnostic tests.
Diagnostic tests can be very useful, but only if the correct
tests are used.""'? Accurate tests can help the surgeon rule
in, or rule out, a patient condition. This is the first step in
helping us to best direct therapy and determine the most
likely prognosis.

Investigators conducting a diagnostic test study hope to
establish the test’s power to differentiate between those
patients who have the target condition and those who do
not. In these studies the main issues to consider in deter-
mining the validity of a diagnostic test study are how the
authors assembled their patients and whether or not they
used an appropriate reference standard for each of these
patients.’
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Validity: are the study results valid?

Question 1: Did clinicians face diagnostic
uncertainty?

Using tests to distinguish between severely affected and
healthy patients is easy because there is minimal overlap
between the two groups of patients. It is when test results
for patients with the target condition are similar to results
for those free of the condition that clinicians will want to
apply diagnostic tests.’

Question 2: Was there an independent, blind
comparison with a reference standard?

Readers should check that investigators applied independ-
ently the test under investigation and an appropriate refer-
ence standard (e.g., biopsy, surgery) to all patients. That is,
the assessors of the test results should be blinded to the
reference standard, and the assessor reference standard
should remain blinded to the test results. When blinding is
not used there is a significant danger of overestimating test
performance.*”"!

Question 3: Did test results influence the decision
to perform the reference standard?

If the results of a test influence the decision to carry out the
reference standard, the properties of the diagnostic test will
be distorted. This is called verification bias or workup bias. To
avoid this bias, be wary of studies in which different refer-
ence standards were used for patients with and without the
target condition.”

Question 4: Were methods for performing the test
described in detail to permit replication?

The question to consider when assessing the validity of a
study is whether or not sufficient detail was reported for
performing the tests. Unless tests are applied in a homoge-
neous manner, there is too great a risk for variability in
results.

Results: what are the results?

Question 5: Are test likelihood ratios, or data
necessary for their calculation, provided?

The first step in the process of diagnosis starts with deter-
mining the probability that the target disease is present in
a given patient group before the next test is performed—the
pretest probability. This is determined by the integration of
the evidence on disease presentation coupled with the sur-
geon’s clinical experience and judgment. The second step
in the process of diagnosis is to examine the characteristic
of the test that indicates the direction magnitude of this
change in probability, the likelihood ratio (LR). The LR rep-
resents the likelihood that a given test result will be expected
in a patient with the target disorder compared with the

20

likelihood that the same test result would be expected in a
patient without the target disorder. Many studies will
present the properties of diagnostic tests in terms of sensi-
tivity and specificity. Although less clinically useful than
LRs, these terms can still be used for its calculation.?”

Applicability: how can | apply the results to my
patient care?

Orthopedic surgeons rely heavily on radiographs for diag-
nosis, so it is important that some mention of the image
acquisition protocol, or lack thereof, should be documented
in well-reported studies. So much of orthopedic diagnosis
isradiographic, and the way/orientation of the image beam
changes the radiographic image so greatly that the acquisi-
tion protocol should be standardized and well described to
the reader. If the images are not obtained in a precisely
defined way, the study’s repeatability and reproducibility
will be compromised, as will the study findings.

Question 6: Will reproducibility and interpretation
of the test result be satisfactory in my setting?

The value of a diagnostic test often depends on its repro-
ducibility when applied within your own clinical setting.
Highly reproducible tests are often simple and easily
applied, or were conducted by highly skilled investigators.”
If the latter is true, caution is warranted if you are in a
setting in which only unskilled interpretation is available.

Question 7: Are the results applicable to

my patient?

In general, if your patient meets the study eligibility crite-
ria and your clinical practice setting is similar to that
described in the study, you may be confident that the
results are applicable to your own patient. Do take into
consideration that test properties may be sensitive to the
stages of disease severity and to different distributions of
competing conditions.””

Question 8: Will the results change my
management of the patient?

When making management decisions, it is useful to link
them explicitly with the probability of the target disorder.
For most disorders we can speak of probabilities between
the test threshold and the treatment threshold.>” It is when
the probability of the target disorder lies between these two
thresholds that you should adopt testing in the manage-
ment of your patients.

Question 9: Will patients be better off as a result of
the test?

The most important criterion for the usefulness of a diag-
nostic test is whether or not the benefits to patients out-
weigh the associated risks.”” In general, a test is particularly



valuable when the risks of test are minimal, the target dis-
order has major consequences if left untreated, or the dis-
order is readily treated once diagnosed.

Therapy

For therapeutic studies the best evidence is found in the
research design known as the RCT, and ideally in ideal
RCTs with narrow confidence intervals (Table 4.2). In RCTs
patients are allocated by chance to an intervention or a
control group. Often in therapeutic studies researchers
compare the outcome of two or more types of interventions
in order to determine which is more effective and so the
treatment that surgeons should employ in their practice.?

Validity: are the results valid?

Question 1: Did the intervention and control
groups start with the same prognosis?

When evaluating the literature, surgeons should value
studies that employ random allocation by chance, a tactic
that ensures no method has been used in order to allocate
patients to experimental or control groups, therefore ensur-
ing that each group has the same baseline prognoses and
characteristics.” Other important items that a surgeon
should assess when evaluating the literature are whether
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lost within each group should be none to minimal.
Additionally, all patients should be analyzed in the groups
into which they were randomized, and the trial should not
be stopped early but continue until planned follow-up.*®

Results: what are the results?

Question 4: How large was the treatment effect?

In surgical trials patients either do or do not have an event
such as reoperation or deep infection. One way to report
the proportion of patients who have such an event can be
as the absolute difference (i.e., absolute risk reduction (ARR)
or risk difference) between the proportions of those having
the event in both treatment groups. Another way to express
the treatment effect would be as relative risk (RR), the risk
of the event among patient treatment groups. The most
commonly reported measure of treatment effect is the com-
plement of relative risk, relative risk reduction (RRR). A dis-
cussion of statistics is beyond the scope of this chapter, but
a general rule is that the greater the RRR the more effective
the therapy.*®'°

Question 5: How precise was the estimate of the
treatment effect?

The range within which the true effect likely lies is calcu-
lated with confidence intervals (CI). The accepted general
rule is to use the 95% CI. Assuming the study was well

or not blinding was used, i.e., whether allocationQREBANIITOr&A@MAted and has minimal bias, we can consider the 95%

ment was employed that help to eliminate bias.*® Patients
in both groups should be similar with respect to known
prognostic factors. Differences in prognosis between the
two study groups will result in bias either for or against
the treatment being investigated.

Question 2: Was prognostic balance maintained as
the study progressed?

When possible, blinding is the optimal strategy for main-
taining prognostic balance.”*'® In surgical trials it is not
possible to keep surgeons blinded. Although patients may
be blinded to what treatment group they were allocated,
keeping them blinded after surgery is challenging and
unlikely. At the very least outcome assessors can be kept
blinded when adjudicating patient outcomes should and
can remain blinded.?

Question 3: Were groups prognostically balanced at
the study’s completion?

Even with concealed randomization conducted at patient
enrolment, with effective blinding maintained during mon-
itoring, the quality of follow-up completion is essential for
ensuring study groups remained prognostically balanced
at study close-out. Ideally, at the study conclusion you
should know the status of every patient enrolled with
respect to target outcome, and the proportion of patients

CI as defining the range that includes the true RRR 95% of
the time. The true RRR will generally lie beyond these
extremes only 5% of the time, a property of the CI that
relates closely to the statistical significance of p < 0.05. A
further discussion of statistical significance is beyond this
chapter, but another general rule is that the larger the
sample size, the narrower the CL."

When reviewing the results of a study, it is important to
take the sample size of the study into consideration. The
size of a sample needs to be large enough to ensure that
the study has adequate power. Power refers to the likeli-
hood that a difference between two interventions will be
detected if one is present. For instance, a study with a
sample size that is too small may result in no difference
being found between two treatments when one truly exists
(beta error) or a difference being found between two treat-
ments when there is no difference in actuality (alpha error).
A study by Bhandari and colleagues notes that the conven-
tionally accepted standard for study power is 80%."

Applicability: how can | apply the results to my
patient care?

Question 6: Can the results be applied to my patient?
Lastly, we must consider if and how the results can be
applied to patients in our own practice. We can determine
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this by asking three questions about patient similarity,
important outcomes, and overall benefits. First, consider
whether your patient would be included in the study
group. Given that the inclusion and exclusion criteria are
clearly delineated, is there something about your own
patient that would lead to his or her exclusion from the
study? If so, the results may not apply to your patient.
Second, consider whether your patient fits into a group
whose benefit was demonstrated with a subgroup analysis.
If the investigation benefits were identified from a post-hoc
subgroup analysis, those findings are suspect due to poor
design and caution should be taken if a therapeutic recom-
mendation is made due to a subgroup analysis. Third, you
must consider whether your surgical skills are comparable
to the skills of the investigating surgeon(s).

Question 7: Were all clinically important

outcomes considered?

One must also think about whether or not all outcomes of
the treatment were reported (e.g., adverse events, etc.).?
Surgical treatments are indicated if they provide benefits,
but only if these benefits include outcomes that are impor-
tant to your patient (i.e., are in line with their own goals
and values).

Question 8: Are the likely treatment benefits worth
the potential harm and costs?

For the safety and benefit of patients, it is critical that the
potential benefits of the treatment outweigh any potential
harm to the patient, or any unreasonable costs.”®

Prognosis

Although RCTs are the gold standard for evaluating new
drugs and medical or surgical procedures, they are not
commonly used for assessing prognostic factors. In prac-
tice it is not ethical to assign patients to potential risk
factors. Generally, surgical studies investigating prognostic
factors are observational studies, and the best such design
is a cohort study. Ideally, the highest level of evidence for
prognosis comes from high-quality prospective studies in
which all subjects were enrolled at the same point in their
disease or treatment and an 80% or greater follow-up rate
was maintained (Table 4.3).5%1°

These cohort studies may be either prospective or retro-
spective. A prospective cohort study identifies potential prog-
nostic factors and follows the study group forward in time
to determine if any factors have a significant impact on
outcomes. Unfortunately, these studies demand substantial
planning in advance and require considerable time and
resources to complete.”® Furthermore, new prognostic
markers are continuously reported and may not have been
identified at the inception of the data collection.
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An alternative observational study is a retrospective cohort
study or a retrospective case-control study. In case-control
studies one starts with the outcome of interest and then
looks backward to examine potential causal factors by com-
paring those who have the outcome (i.e., cases) with those
who do not have the outcome (i.e., controls). The major
drawback of retrospective studies is that the data quality
is based mainly on patient records, and these records may
not be sufficiently accurate. Another drawback of retro-
spective studies is that they are prone to recall bias, and this
decreases the validity of results.”’

In studies of prognosis researchers examine prognostic
variables to determine their relationship to possible out-
comes, disease, therapeutic treatment, and predictions of
the probability associated with their effect (i.e., the proba-
bility with which those outcomes can be expected to
occur).”’ It is possible to refine the prognosis by looking at
subgroups defined by demographic variables (e.g., gender,
age, comorbidity factors, socioeconomic status, disease
stage). In the best-designed studies investigators will dis-
tinguish subgroups of patients based on prognostic varia-
bles.” When variables or factors predict which patients do
better or worse, we call them prognostic factors. Prognostic
factors should not be confused with risk factors (i.e., those
patient characteristics that are associated with disease in
the first place).

Validity: are study results valid?

Question 1: Was the patient sample representative?

In well-designed prognostic studies, the patient sample
enrolled must match the target population under study.” A
patient sample is not representative when it differs system-
atically from the population of interest. Differences may
result in a systematic over- or underestimation of the likeli-
hood of adverse outcomes; i.e., the sample patients will
have a worse or better prognosis respectively than the target
population. A prognostic study is biased when it yields
such differences from the truth about adverse outcomes.>*

Question 2: Were patients sufficiently homogeneous
with respect to prognostic risk?

To estimate patient prognosis we examine outcomes in
groups of patients with similar clinical presentation. The
best-designed studies would have all enrolled patients
similar enough for prognostic risk for the outcome of inter-
est to be applicable to each and every one of them. Such
similarity could include age, disease stage, smoking history,
gender, and socioeconomic status. Ideally, prognostic
factors should be validated in several studies to ensure that
they are related to the outcome of interest. If patients
enrolled were not sufficiently homogeneous, investigators
should at least provide estimates for all clinically relevant
subgroups in the study.’



Question 3: Was follow-up sufficiently complete?
We can only be confident in the validity of a cohort study
of prognosis if the majority of the patients enrolled have
completed follow-up. The proportion of loss to follow-up
that threatens validity is related to the proportion of
patients who had an adverse outcome. Generally, the larger
the proportion of lost patients in relation to the proportion
of patients with adverse outcomes, the less likely the study
results are valid.’

Question 4: Were outcome criteria objective

and unbiased?

In well-designed studies investigators should define their
target outcomes before study start-up, and they should
base their criteria on the most clinically relevant measures.
Furthermore, investigators should describe the type of
patient monitoring and the frequency of follow-up. In
orthopedic studies outcomes are objective when they are
obvious to measure, such as reoperations or death. Some
outcomes, such as fracture healing or nonunion, require
more clinical judgment to assess. For the study to remain
unbiased, it is very important that adjudicators remain
blinded to all prognostic factors. Other outcomes, such as
functional ability or quality of life, are subjective and chal-
lenging to measure. For these most difficult outcomes
investigators should use previously validated and reliable
measurement scales.”
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periods. This results from losses to follow-up and because
study patients are rarely enrolled at the same time. This
means that survival curves are more precise during the
earlier periods of follow-up.

Applicability: how can | apply the results to my
patient care?

Question 7: Were study patients and their
management similar to those in my practice?

In well-written articles, investigators describe the study
sample in sufficient detail for readers to make a compari-
son with their own patients. This should include patient
characteristics, and how these are defined. Oddly enough,
while therapy is one factor that could strongly influence
outcome it is rarely mentioned in prognostic studies.
Therapeutic strategies can vary markedly among institu-
tions, and change over time as new treatments become
available or old treatments regain popularity. To the extent
that treatments are beneficial or detrimental, overall patient
outcome might improve or become worse. Studies that do
not provide sufficient details about therapeutic strategies
limit your ability to assess applicability. Given the rapid
pace of evolving therapies in orthopedics, authors should
detail the variety of implants, technologies, and surgical
techniques used for long-term outcome studies in order for
readers to assess the generalizability of the results to their

Openmirrorswaopatients.’

Results: what are the results?

Question 5: How likely are the outcomes over time?
Quantitative results from studies of prognosis or risk are
the number of events that occur over time. These events
must be of a discrete nature and linked to a precise time.
In orthopedic studies these events typically include reop-
erations, serious adverse events (SAEs), or death. A
common and informative way to depict these quantitative
results is as a survival curve. A survival curve may be under-
stood as either the number of events over time, or con-
versely as the change of freedom from results over time.”
For example, if the chance of outcome is much later after
initial surgical treatment, this is typically represented by a
curve that starts out flat and then becomes steep.

Question 6: How precise are the estimates

of likelihood?

Investigators usually report risks of adverse outcomes with
their associated 95% CI. If the study is valid, the 95% CI
defines the range of risks within which it is likely that the
true risk lies. The more precise the estimate of prognosis a
study provides, the less uncertainty about the estimated
prognosis and the more useful the study is for us. In most
survival curves, results are derived from more patients
during the early follow-up periods rather than the later

Question 8: Was follow-up sufficiently long?
Because the presence of illness often precedes the develop-
ment of an outcome event by a long period of time, inves-
tigators should follow patients for long enough to detect
the outcomes of interest. A prognostic study may provide
an unbiased assessment of outcome during a short period
of time, but only if it meets certain validity criteria. Such a
study may be of little use for patients who are interested
in their prognosis over a longer period of time.

Question 9: Can I use the results in the

management of patients in my practice?

Prognostic data often provide the basis for practical deci-
sions about surgical treatments. Knowing the expected
clinical course of your patient’s condition can help you
judge whether or not a specific treatment is warranted. For
example, for patients at very low risk of adverse outcomes
even potentially beneficial therapies may not be justified.
Specifically, for patients who are most likely to get well,
clinicians should not recommend treatments that are
potentially toxic or exorbitantly expensive. For those
patients at high risk of poor outcomes, regardless of therapy
course, aggressive therapy may only serve to prolong suf-
fering and waste costly resources. Even in cases where the
prognostic results do not help with selecting an effective
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therapy, they may help you in counseling a concerned
patient or relative about appropriate next steps in care.”’

Conclusion

Orthopedic surgeons wishing to apply the principles of
EBM should learn to integrate the best available evidence
from the medical community, and their own surgical expe-
rience, as well as their patients’ own goals and values. In
this chapter we provide users’ guides for the best studies
of diagnosis, therapy, and prognosis. Each of these guides
is based on the three-step process of critical appraisal of
study validity, results, and applicability to your own
patients. By following these steps for critical appraisal,
orthopedic surgeons can select the most appropriate tests
to make a sound diagnosis, choose the most appropriate
therapies available, and determine the most likely progno-
sis for their patients.
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Introduction

Over 3 million new articles are published in scientific jour-
nals each year.l'2 Consequently, a researcher would be
required to read close to 20 articles every day to keep
current with research.! Obviously this is a daunting and

Question 1: What is a narrative review?

A narrative review summarizes different primary studies
from which a broad perspective can be formulated.
Interpretations contributed by the reviewers’ own experi-
ence, and existing theories and models are often included
in narrative reviews.>* For example, a narrative review

impossible task for mosthealthcare professionals. Tiysefarpirrors:@oreview the broad topic of femoral fractures.’

the accumulation of new evidence makes it easy to lose
past findings and forget about them. The use of reviews
has become an invaluable tool in orthopedic medicine to
help keep up to date with the best available evidence.
There are three types of reviews: narrative reviews, system-
atic reviews, and meta-analysis."” Each of these is discussed
in detail in this chapter.

Top six questions

1. What is a narrative review?

2. What is a systematic review?

3. What are the differences between a systematic review
and a narrative review?

4. What is a meta-analysis?

5. Where do narrative reviews, systematic reviews, and
meta-analyses rank on the hierarchy of evidence?

6. How are systematic reviews and meta-analyses critically
appraised?

Current concepts are also a form of narrative review.
They frequently describe the approach used by a group
of surgeons to treat a situation, often discussing multiple
treatment options.” The literature used in the narrative
review is summarized, but the methods used to locate
and select the studies for inclusion are not systematic.
In addition, the studies included are not formally criti-
cally appraised. For this reason, a narrative review may
miss relevant studies, or the authors may have selected
studies on the basis of their own preferences and opin-
ions.** Narrative reviews are also helpful in answering
background questions, as these types of questions are
broad in scope and are used to help understand the
principle or problem. An example of a background ques-
tion would be: “What are the epidemiology, prognosis,
and screening approaches following a femoral fracture
in adults?”

The strengths of this type of review lie in its ability to
understand the diversity of ideologies surrounding schol-
arly research topics.® As well, it provides the author of the
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review with the opportunity to contribute their own knowl-
edge and insight into this shared educational phenome-
non.’> However, narrative reviews do not necessarily state
the rules for inclusion of studies, nor do they state the rules
used to determine to relevance and validity of included
studies.**

Example from literature: narrative review

Source

Doherty T, MacDermid JC. Clinical and electrodiagnostic
testing of carpel tunnel syndrome: a narrative review. Orthop
Sports Phys Ther 2004;34(10):565-88.

Abstract

Carpal tunnel syndrome (CTS) is a pressure-induced neu-
ropathy that causes sensorimotor disturbances of the median
nerve, which impair functional ability. A clear history that
elicits relevant personal and work exposures and the nature
of symptoms can lead to a high probability of a correct diag-
nosis. Hand diagrams and diagnostic questionnaires are
available to provide structure to this process. A variety of
provocative tests have been described and have variable
accuracy. The Phalen’s wrist flexion and the carpal compres-
sion tests have the highest overall accuracy, while Tinel’s
nerve percussion test is more specific to axonal damage that
may occur as a result of moderate to severe CTS. Sensory
evaluation of light touch, vibration, or current perception
thresholds can detect early sensory changes, whereas 2-point
discrimination changes and thenaratrophy indicate loss
of nerve fibers occurring with more severe disease.
Electrodiagnosis can encompass a variety of tests and is com-
monly used to assess the presence/severity of neuropathic
changes and to preclude alternative diagnoses that overlap
with CTS in presentation. The pathophysiologic changes
occurring with different stages of nerve compression must be
considered when interpreting diagnostic test results and pre-
dicting response to physical therapy management.

Question 2: What is a systematic review?

Unlike a narrative review, a systematic review addresses a
specific question and uses a planned and systematic
approach. This type of review is appropriate for answering
foreground questions.*® An example of this type of ques-
tion would be “In a patient with an acute rupture of the
lateral ankle ligament, is cast immobilization or functional
taping a better treatment option if the patient wants to
return to work as soon as possible?” * After this question
has been asked, a systematic and rigorous literature search
is performed followed by the critical analysis of the studies
to be included.®* Lastly, the results are summarized and
discussed.*

This type of review has various strengths, some of which
include a narrow research question, a comprehensive and
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exhaustive search for evidence, a criterion for assessing
relevant literature for validity, the objective summary pro-
vided, and the implication for evidence-based medicine.?
However, the primary problem with systematic reviews is
that the narrow focus may not allow for comprehensive
coverage.® The strict criteria used by systematic reviews
may limit studies which are relevant, thus information may
be lost.

Example from literature: systematic review

Source

Struijs PA, Smidt N, Arola H, Dijk CN, Buchbinder R,
Assendelft WJ. Orthotic devices for the treatment of tennis
elbow. Cochrane Database Syst Rev 2002;CD001821(1):1-18.

Abstract

Lateral epicondylitis (tennis elbow) is a frequently reported
condition. A wide variety of treatment strategies has been
described. As of yet, no optimal strategy has been identified.
The objective of our study was to assess the effectiveness
of orthotic devices for the treatment of tennis elbow.
We searched Medline, Embase, CINAHL, the Cochrane
Controlled Trial Register, Current Contents up to May 1999
and reference lists from all retrieved articles. Experts on the
subjects were approached for additional trials. All rand-
omized clinical trials (RCT) describing individuals with diag-
nosed lateral epicondylitis and comparing the use of an
orthotic device as a treatment strategy were evaluated for
inclusion. Two reviewers independently assessed the validity
of the included trials and extracted data on relevant outcome
measures. Dichotomous outcomes were expressed as Relative
Risks (RRs) and continuous outcomes as Standardised Mean
Differences (SMD), both with corresponding 95% confidence
intervals (95% CI). Five RCTs (N per group 7-49) were
included. Validity score ranged from 3-9 positive items out
of 11. Subgroup analyses were not performed due to the
small number of trials. The limited number of included trials
present few outcome measures and limited longterm results.
Pooling was not possible due to large heterogeneity amongst
trials. No definitive conclusions can be drawn concerning
effectiveness of orthotic devices for lateral epicondylitis.
More well-designed and well-conducted RCTs of sufficient
power are warranted.

Question 3: What is a meta-analysis?

Often confused with systematic reviews, meta-analyses are
the statistical analysis of results from multiple separate
studies.'"* Usually this statistical analysis is included in
systematic reviews that use quantitative methods, but this
may not always be the case.! Like a systematic review, a
meta-analysis typically answers a foreground question.* A
meta-analysis is conducted to determine the significance of
the results from multiple research studies pertaining to the
same research question.** It can therefore increase the sta-



tistical power of the primary research by pooling the data
and thus allows for the results to be more generalized.**

Meta-analyses are performed using a concise, stepwise
method. The steps include: (1) defining the research ques-
tion, (2) performing the literature search, (3) selecting the
studies, (4) extracting the data, (5) analyzing the data, and
(6) reporting the results. Numerous protocols have been
developed, such as the Quality of Reports of Meta-analysis
(QUOROM), that provide detail on how to properly
conduct each step.”

A meta-analysis is very beneficial in assessing effective
treatment options. For example, a meta-analysis of clinical
trials may help to increase the precision of estimates of
treatment effects, thus decreasing the probability of false-
negative results.” Therefore, by statistically pooling results
from relevant studies, a meta-analysis allows for accurate
and precise analysis, and increases the statistical power of
the primary research by pooling the data and allowing the
results to be more generalized.? However, the quality of a
meta-analysis can be compromised if the included data is
flawed due to poor methodological quality® As well,
various biases such as publication bias can be associated
with a meta-analysis.

Example from literature: meta-analysis

Source
Kerkhoffs GM, Struijs PA, Marti RK, Blankevoort L,
Assendelft WJ, van Dijk CN. Functional treatments for acute
ruptures of the lateral ankle ligament: a systematic review.
Acta Orthop Scand 2003;74(1):69-77.

Abstract

Our aim with this systematic review was to assess the effec-
tiveness of various functional treatments for acute ruptures
of the lateral ankle ligament in adults. We performed an
electronic database search using MEDLINE, EMBASE,
COCHRANE CONTROLLED TRIAL REGISTER and
CURRENT CONTENTS. We evaluated randomized clinical
trials describing skeletally mature subjects with an acute
rupture of the lateral ankle ligament and compared func-
tional treatments for inclusion in this study. 9 trials met our
inclusion criteria. Two reviewers independently assessed the
quality of these trials and extracted relevant data on treat-
ment outcome. Where appropriate, results of comparable
studies were pooled. Individual and pooled statistics are
reported as relative risks (RR) for dichotomous outcome and
(weighted) mean differences ((W)MD) for continuous
outcome measures with 95% confidence intervals (95% CI).
Heterogeneity between the trials was tested using a standard
chi-square test. Persistent swelling at short-term follow-up
was less with lace-up ankle support than with semi-rigid
ankle support (RR 4.2; 95% CI 1.3-14), an elastic bandage (RR
5.5; 95% CI 1.7-18) and tape (RR 4.1; 95% CI 1.2-14). A semi-
rigid ankle support required a shorter period for return to
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work than an elastic bandage (WMD 4.2; 95% CI 2.4-6.1)
(p = 0.7). One trial reported better results for subjective insta-
bility using the semi-rigid ankle support than the elastic
bandage (RR 8.0; 95% CI 1.0-62). Treatment with tape resulted
in more complications, mostly skin problems, than that with
an elastic bandage (RR 0.1; 95% CI 0.0-0.8). We found no
other statistically significant differences. We conclude that an
elastic bandage is a less effective functional treatment. Lace-
up supports seem better, but the data are insufficient as a
basis for definite conclusions.

Question 4: Where do narrative reviews,
systematic reviews, and meta-analyses rank
on the hierarchy of evidence?

Systematic reviews and meta-analysis of randomized con-
trolled trials are considered to be the highest quality of
evidence and are commonly ranked as level I evidence.**
A meta-analysis pools the data from all relevant studies
found for a specific research question. This pooling allows
for the results to be generalized then they normally would
be from the results of a single trial.** As well, due to the
systematic and rigorous approach used in conducting a
systematic review or meta-analysis, the level of bias is
greatly reduced.’

Ultimately, the quality of the systematic review and

Openmirrors@@ihalysis depends on the quality of the included

studies.” Poorly conducted trials compromise the quality
of the meta-analysis.’ In essence, one should aim for
homogeneity amongst the included studies. This occurs
when similar studies are arriving at the same outcome,
thus leading to a strong meta-analysis.* On the contrary,
heterogeneity occurs when studies analyzing the same
outcome arrive at different results, which leads to a weak
meta-analysis.*

Question 5: What are the differences between
a systematic review, meta-analysis and a
narrative review?

Various differences exist between a narrative review, sys-
tematic review, and a meta-analysis. The first major differ-
ence is at the level of the research question. Systematic
reviews and meta-analyses pose a concise and specific
research question which is called a foreground question.”®
This allows for a greater insight into the research of inter-
est and also helps make the search for relevant published
literature much easier. A good example of a foreground
question is, “In a patient with an acute rupture of the
lateral ankle ligament, is cast immobilization or functional
taping a better treatment option if the patient wants to
return to work as soon as possible?” * This foreground
question should be answered in depth with many sources
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of information, criteria-based selection of patients/trials,
and critical appraisal and synthesis of all relevant studies.”®
On the other hand, the question raised by a narrative
review is often much more generalized and is known as a
background question. An example of this type of question is,
“How do bones heal after all treatments of humeral shaft
fractures?” ® Since this question is very broad, large
numbers of studies can be included in the analysis, some
of which may now be relevant to the research question.

Another difference between these types of studies is the
amount of bigs. The studies which are commonly included
in a narrative review are selectively chosen by the author,
thus creating a selection bias.®® As well, narrative reviews
often mix expert opinion with evidence, and this may cause
inconsistencies in the reported findings.*'° On the other
hand, a systematic review and meta-analysis utilize an
exclusive stepwise approach for the selection and meth-
odological validity of the studies included.*’ This in turn
helps provide a safeguard against many common biases,
such as publication bias and citation bias. The factors affect-
ing the inclusion of studies are predefined by the researcher
in order to ensure consistency.' Some of these factors
include study design, population characteristics, type of
treatment/ exposure, and outcome measures."

Differences between a narrative review and systematic
review also exist in the quality of the literature search. A
systematic review uses a comprehensive, specific search in
order to obtain maximal results.” In contrast, a narrative
review uses a generalized search in which many different
studies are found, some of which may not be relevant to
the research question.”' After the search is completed,
there are also differences in the inclusion and exclusion
criteria. In a systematic review, studies are included on the
basis of many different factors such as validity of the
results, research methodology, type of treatments, and
the outcome measures used."” Various tools such as the
Jadad score, T.C. Chalmers score, and QUOROM checklist
are regularly used to determine the quality of the study.”
Thus, the inclusion criteria for a systematic review are
specified and exhaustive whereas a narrative review adopts
a more open-ended approach which incorporates the
author’s opinion in the selection of included studies.”> A
summary on questions to consider when reviewing and
evaluating included articles can be found in Chapter 3 on
critical appraisal.

Question 6: What is a critical appraisal of
systematic reviews and meta-analyses?

As already discussed in Chapter 3, it is important to care-
fully evaluate the studies included in a systematic review.
Various characteristics of the studies are assessed such as
the participants, outcome measures used, completeness of
study, follow-up, and appropriateness of statistical meas-
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Table 5.1 Oxman and Guyatt index

1. Were the search methods used to find evidence stated?
2. Was the search for evidence reasonable comprehensive?

3. Were the criteria for deciding which studies to include in the
overview reported?

4. Was bias in the selection of studies avoided?

5. Were the criteria used for assessing the validity of the included
studies reported?

6. Was the validity of all studies referred to in the text assessed using
appropriate criteria?

7. Were the methods used to combine the findings of the relevant
studies reported?

8. Were the findings of the relevant studies combined appropriately
relative to the primary question the overview addresses?

9. Were the conclusions made by the author(s) supported by the data
and/or analysis reported in the overview?

Question 10 summarized the previous ones, and, specifically, asks to
rate the scientific quality of the review from 1 (being extensively flawed)
to 3 (carrying major flaws) to 5 (carrying minor flaws) to 7 (minimally
flawed). The developers of the index specify that if the “partially/can‘t
tell” answer is used one or more times in questions 2, 4, 6, or 8, a
review is likely to have minor flaws at best and is difficult to rule out
major flaws (i.e., a score <4). If the “no” option is used on question
2,4,6, or 8, the review is likely to have major flaws (i.e., a score <3).

Reprinted from Journal of Clinical Epidemiology, 44, Oxman AD, Guyatt
GH, Validation of an index of the quality of review articles, 1271-1278,
1991, with permission from Elsevier.

ures.* Tools such as the Oxman and Guyatt Index are used
to critically evaluate the scientific quality of a systematic
review (Table 5.1).*

One may also encounter overlapping systematic reviews
which address the same clinical question but are conducted
by different groups of authors.* These conflicting studies
can also have conflicting results. To help resolve this
problem an algorithm was developed by Jaded et al. to help
analyze and evaluate the conflicting systematic reviews to
determine which is the most appropriate.* In this algorithm
aspects such as the methodological quality are assessed.*

Conclusion

Systematic reviews are becoming increasingly important
in modern-day clinical research because of the vast amount
of literature published every year. If they are conducted
appropriately, they can effectively provide an accurate,
descriptive, and concise summary of the available litera-
ture. Thus, when properly conducted using high quality



primary studies, systematic reviews can provide the
highest level of current evidence to answer specific clinical
questions.
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Importance of economic analyses

With rising healthcare costs, it is important for decision-
makers to efficiently allocate resources. Between 1970 and
2008, the percentage of the United States gross domestic
product (GDP) spent on health care has increased from
7.1% to 16%." Economic evaluations are important because
people, time, facilities, equipment, and knowledge are
scarce resources, and choices need to be made in order to
determine optimal utilization.”® Economic analyses iden-
tify, measure, value, and compare alternative courses of
action in terms of costs and consequences.”® They provide
standardized, quantitative estimates of the likely cost per
unit of health benefit achieved by a given procedure, which
help reach the primary goal of identifying procedures
that produce the greatest health benefit for a given cost.!
The breadth of outcomes considered varies according to
the type of economic analysis performed. Furthermore, the
costs and benefits considered vary depending on the view-
point adopted in the analysis. Thus, economic analyses
vary in scope, perspective, applicability, and complexity.*
Economic analyses in orthopedic surgery are particularly
important, as this field has experienced tremendous growth
and innovation over the past two decades.*

Top six questions

1. What are the different types of economic analyses?

2. Which costs are included in an economic analysis?

3. What perspective is adopted in an economic analysis
and how does this affect the costs included?

4. What is the time horizon adopted in an economic
analysis?

5. What are sensitivity analyses?

6. How are economic evaluations interpreted?

Question 1: What are the different types of
economic analyses?

The four types of economic analyses most commonly
reported in the literature are cost-minimization, cost-
effectiveness analysis, cost-utility analysis, and cost-benefit
analysis. Each of these analyses involves the systematic
identification and valuation of the relevant costs and con-
sequences of healthcare interventions.

Cost-minimization analysis

A cost-minimization analysis (CMA) is used to compare cost
differences among competing alternative procedures when
these treatments produce equivalent outcomes.** Only the
costs of each alternative procedure, which are selected based
on the chosen perspective, are considered and the least
costly alternative is supported. While CMAs may provide
useful information by identifying all of the costs associated
with a particular treatment, they can be used to compare
treatments only when there is strong clinical evidence that
patient outcomes are the same or similar. Otherwise, inclu-
sion of only costs can lead to misleading results.*

An example of an appropriate use for a CMA is a com-
parison of absorbable internal fixation devices (N = 994)
and conventional metallic devices (N = 1173) in fracture
patients.” Several randomized controlled trials (RCTs) com-
paring these devices have shown no significant difference
in outcomes, therefore a CMA is an appropriate analysis

Evidence-Based Orthopedics, First Edition. Edited by Mohit Bhandari.
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to conduct. The costs included in the CMA resulted from
the patients’ medical care and their time lost from work.
When the costs for an implant removal procedure after
metallic fixation were included, the average cost saved per
patient by using absorbable implants in fractures of the
olecranon was $410. Due to this cost saving, the authors
concluded that absorbable implants should be the standard
treatment.’

Cost-effectiveness analysis

In cost-effectiveness analysis (CEA), both the costs and
consequences of health programs are examined.”? A CEA
compares procedures in terms of their monetary value per
natural unit of health outcome (i.e., cost per life saved, cost
per limb salvaged, etc.).* When conducting a CEA, a per-
spective is selected to identify which costs are included,
and the measure of effectiveness is established. It is impor-
tant to provide a thorough description of the categories of
costs included and how the effectiveness data are to be
obtained. The medical literature is an important source of
effectiveness data; however, an appraisal of the quality of
the data is important. In situations where limited or no
clinical evidence exists, the CEA may proceed by making
assumptions about the clinical evidence, and then under-
take sensitivity analyses of the economic results with differ-
ing assumptions. A sensitivity analysis is a statistical
method used to account for uncertainty in an economic

CHAPTER 6 Economic Analysis

An example of an appropriate cost-effectiveness study
would be an evaluation of the cost per successful union in
the treatment of open tibial fractures. The first treatment
option of intramedullary nailing without reaming may cost
$25,000 per patient, whereas treatment by external fixation
may cost $20,000. Recent studies report that intramedullary
nailing yielded a much lower rate of nonunion (15%) than
did external fixation (42%). Thus, even though intramedul-
lary nailing is more costly, it is more cost-effective for the
treatment of open tibial fractures because of the lower cost
per successful union.*

Cost-utility analysis

The cost-utility analysis (CUA) is a form of evaluation that
focuses on the quality of the health outcome produced or
forgone by health programs.> A CUA differs from a CEA
because the incremental cost of a program from a particular
perspective is compared to the incremental health improve-
ment attributable to the program expressed in terms of a
single utility-based unit of measurement and not natural
units as in a CEA. Examples of utilities include quality-
adjusted life-years (QALYs) gained and disability-adjusted life-
years (DALYs) gained, thus the results are expressed as a
cost per QALY or DALY gained.” An incremental cost-utility
ratio (ICUR) can be calculated, which is similar to the ICER
in a CEA.” To value health utility, or benefit, a variety of
approaches are adopted, including the standard gamble

analysis.” If such analyses reveal that the final res@QPRRMIUITOISCOMne trade-off (TTO), and visual analog scales (VAS). All

sensitive to the estimate used for a given variable, then the
inferences made using these data are more robust.?

Cost-effectiveness is typically expressed as an incremental
cost-effectiveness ratio (ICER). An ICER is an estimate of the
additional cost per additional unit of effectiveness of using
one treatment in preference to another. In estimating an
ICER, the numerator of the ICER is the difference of the
mean cost of each procedure, and the denominator is the
mean difference of the effectiveness.**® The equation for
the ICER is:

ICER = [COSt(Treatment A) T COSt(Treatment B)]/
[EffeCt(Treatment A) T EffeCt(Treatment B)]

Cost-effectiveness studies do not consider subjective
factors such as patient preferences and the value of a par-
ticular treatment or health state to a patient. One advantage
of this technique is that, with a common unit of outcome or
effectiveness, different procedures can be compared and can
be expressed in terms of cost per unit of outcome. However,
CEAs are not helpful for choosing between treatments that
have different outcomes or for which the outcomes were
measured with different techniques.* For example, a study
which uses the outcome of life-years saved cannot be easily
compared to a study where the outcome is disability days
avoided, as these are not common units of effect.

are based on the value individuals place on not having a
particular disease.’ The consideration of quality recognizes
that individuals have different preferences for certain states
of health.

Definitions

* QALY: Quality-adjusted life-years is a measure of life
expectancy weighted by the quality of life> A QALY is
computed as a year of life gained, multiplied by the utility
score during that year, which is expressed on a scale of 0
to 1.5

¢ Standard gamble: Respondents considering a particular
health state find the balance between a chance of returning
to perfect health and a risk of possibly dying in the process.®

e Time trade-off: Respondents find the point of balance
between a shorter life in perfect health vs. a longer life in
the health state under investigation.®

e Utility: A term used by health economists for the strength
of preference for a state of health, attribute, or proce-
dure.**® A higher value is placed on time spent in good
health and a lower value is placed on time spent with
impaired physical and emotional function.* The values
range from 0 to 1 (perfect health).>”

* Visual analog scale: Respondents indicate the desirability
of a health state on a line with well-defined endpoints,
usually from 0 to 1.21.°
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By converting effectiveness data (i.e., Harris hip score)
to a common unit of measure (i.e., QALYs gained) a CUA
is able to incorporate simultaneously both the changes in
the quantity of life (mortality) and the changes in the
quality of life (morbidity).? Also, the measurement of
utilities allows for valid comparisons among multiple
treatment options, particularly when alternative treat-
ments produce different outcomes or when longer sur-
vival is acquired at the expense of reduced quality of
life.*

Haentjens et al. provide a practical example of a CUA in
which they compare the costs and health outcomes of
standard versus prolonged prophylaxis with low molecu-
lar weight heparin (LMWH), among patients undergoing
elective total hip or knee replacement.® The study adopted
the perspective of a societal healthcare payer, in this case
the Belgian Federal Ministry of Health. Costs were obtained
from a panel of orthopedic surgeons and from the Federal
Ministry of Health, while QALYs were based on utility
scores found in the literature. The authors found that pro-
longed prophylaxis with LMWH was associated with a
cost-utility ratio of €6,964/QALY after total hip replace-
ment and €64,907/QALY after total knee replacement.’
According to European guidelines, an intervention costing
less than €20,000/ QALY exhibits strong evidence for adop-
tion while one costing €20,000-100,000/QALY exhibits
moderate evidence for adoption.” The authors therefore
concluded that there is strong evidence for adoption of
prolonged enoxaparin prophylaxis among total hip replace-
ment patients, but only moderate evidence for adoption
among total knee replacement patients.’

Cost-benefit analysis

Cost-benefit analyses (CBA) provide an estimate of the
monetary resources consumed by each procedure under
study compared to the value of resources the procedure
might save.® In a CBA both the costs and health outcomes
are valued in monetary units.*** One method of assigning
values to health consequences is by determining a patient’s
willingness to pay.* In practice, it is difficult to quantify
health consequences in monetary terms, and ethical issues
exist in assigning an amount of money to the value of
human life, pain, and suffering.® After the costs and conse-
quences are quantified in monetary terms, a direct com-
parison can be made between the program’s incremental
costs and its incremental consequences in equal units of
measurement.” To compare treatment options CBA com-
monly uses two comparators, the net present value and the
cost-benefit ratio. The net present value is the value of health
benefits minus costs, and the cost-benefit ratio is the ratio
between the two.® CBA has the advantage of allowing
direct comparisons across programs. Also, the analysis of
a single program can determine whether it is economically
worthwhile.*®
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Vasen et al. provide an example of a CBA." They com-
pared the total cost of open vs. endoscopic technique for
the surgical treatment of carpal tunnel syndrome, from a
societal perspective. The costs included those incurred
from medical procedures and complications as well as from
lost wages. The authors hypothesized the two procedures
could have different complication rates and different
amounts of time off work. For this study design, outcomes
were given a dollar value. Outcomes such as infection and
nerve injury were translated as a cost in dollars. All com-
plications except nerve laceration were assigned a cost of
the operative correction of the complication plus 1 year’s
wages, because it is assumed that patients with complica-
tions would not return to work for 1 year. Patients with
nerve lacerations were assigned the present value of their
wage replacement throughout the remainder of their life
expectancy in addition to cost of the operative procedure.
In the base case, the cost (including surgery, complications,
and wages) of the open technique was found to be $6,315
and that of the endoscopic technique was found to be
$5,896, indicating that the endoscopic technique is the less
costly alternative.'

Question 2: Which costs are included in an
economic analysis?

The costs included in an economic analysis will vary on the
basis of the time frame and perspective being considered
in the study. Ideally, a thorough economic analysis meas-
ures direct, indirect, and intangible costs. Direct medical
costs include all costs that are directly related to the proce-
dure, including those for personnel, supplies, and the facil-
ity involved in the treatment. Direct nonmedical costs
include costs borne by patients and their families in the
course of treatment (i.e., transportation). Indirect costs
include costs associated with lost productivity, usually
valued as lost wages or a monetary value of time. For
determination of intangible costs, an attempt is made to
assign a dollar value to reductions in quality of life. Those
costs are often included in the measurement of QALYs. It
is also important to consider the downstream costs of
resources that will be consumed in the future but are still
attributable to the procedure.* An allowance for the dif-
ferential timing of costs and consequences due to time pref-
erence is also required. Thus, economic analyses should
discount costs, and the rates of three and five percent are
recommended.”

Question 3: Which perspective is adopted in an
economic analysis and how does this affect the
costs included?

Before beginning any economic analysis, the perspective of
the analysis needs to be determined and explicitly stated.



Perspectives that can be adopted include that of the gov-
ernment, the hospital, the primary payer, or society.’” If the
economic analysis is completed from a governmental per-
spective, an interest in identifying the employment costs
may be apparent.® The hospital perspective includes only
costs that are incurred by the hospital, such as the costs of
the surgery, costs of diagnostic tests, the cost of the medical
device, the cost of the medications the patient takes during
their hospital stay, and the cost of staying in the hospital
ward. In contrast, the perspective of the primary payer
includes all medical costs that are covered by the primary
payer, in addition to those incurred in the hospital. For
example, both in-hospital costs and costs after the patient
has been discharged are included (e.g., home care and
medications).” The societal perspective includes all costs
related to the treatments and is not limited to medical costs.
Examples of additional costs include time lost from employ-
ment and all patient expenses.” The societal perspective is
generally recommended, especially if the analysis will oth-
erwise overlook an important financial burden to the
patient, their family, and society in general.”

Question 4: What is the time horizon adopted
in an economic analysis?

The time horizon of a healthcare economic evaluation is
the period of time for which the costs and outcomes

CHAPTER 6 Economic Analysis

include the most realistic (best guess), optimistic (best
case), and pessimistic (worst case). The analyst may also
include scenarios that they feel are applicable.” A threshold
analysis identifies the critical value(s) of a parameter or
parameters central to the decision. The analyst can then
assess which combinations of parameter estimates could
cause the threshold to be exceeded.? Alternatively, the
threshold values for key parameters that would cause the
program to be too costly or not cost-effective could be
identified.” The fifth form of sensitivity analysis is the prob-
abilistic sensitivity analysis. In this type of analysis, probabil-
ity distributions are applied to the specified ranges for the
key parameters. Samples are then drawn randomly from
these distributions to generate an empirical distribution of
the cost-effectiveness ratio.” If the sensitivity analysis for an
economic evaluation reveals that the final result is not sen-
sitive to the estimate of a given variable, then the inference
made using these data are stronger.®

Question 6: How are economic evaluations
interpreted?

The goal of an economic evaluation is generally to compare
two treatment options in order to select the one that pro-
vides the maximum health benefit for a given increment of
cost. There are nine possible outcomes when comparing
one procedure to another in a CEA (Figure 6.1).? In particu-

are measured. The time horizon should be speciBQERRAIITONS:CAM 1 in Figure 6.1 shows that the new procedure is less

justified as being appropriate for the clinical condition
being studied. Other time-sensitive issues that should be
considered include technological improvements and
overall societal well-being that occur over time, as well as
the learning curve effect that follows the introduction of a
new technology.*

Question 5: What are sensitivity analyses?

Sensitivity analyses are a method of accounting for uncer-
tainty in an economic analysis.” Sensitivity analyses are
utilized to assess the impacts of various model parameters
or assumptions on the study results.** There are three key
elements to consider when conducting a sensitivity analy-
sis: (1) how the uncertain parameters are identified; (2) how
the plausible ranges for the variables are specified; and (3)
whether an appropriate form of sensitivity analysis is
used.”

There are five different forms of sensitivity analyses. The
simplest is the one-way analysis. Estimates for each param-
eter are varied one at a time in order to investigate the
impact on study results.?> A multi-way analysis recognizes
that more than one parameter is uncertain and that each
could vary within its specified range.? In a scenario analysis,
a series of scenarios is constructed to represent a subset of
the potential multi-way analyses. The scenarios typically

expensive and more effective than the standard treatment,
and should be adopted. In cell 2, the new procedure costs
more and is less effective than the standard treatment, and
should not be adopted. The most common case is when a
new procedure is both more effective and more costly (cell
7). In this case, the hospital administration, surgeon, and
patient need to determine if the increased effectiveness is
worth the additional cost.> When the result falls into a
nondominance cell (cells 7-9) it may be useful to calculate
the ICER or ICUR of the new procedure. Additionally,
guidelines exist to recommend whether to adopt or reject
a new procedure. For example, in North America
US$50,000/ QALY is often recommended as a threshold for
a cost-effectiveness procedure. Procedures which have an
incremental cost higher than this are likely to be rejected.’
For example, in the study by Haentjens et al. described
previously,’ the European guidelines for CUAs indicate
that a procedure costing less than €20,000/QALY exhibits
strong evidence for adoption, whereas one costing €20,000—
100,000/QALY exhibits moderate evidence for adoption.
Thus, according to these standards, the authors found
strong evidence for adoption of prolonged prophylaxis
among total hip replacement patients, and moderate evi-
dence for adoption among total knee replacement patients.
Sensitivity analyses incorporating 20% changes from the
base-case analysis showed this outcome to be robust.’
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Image not available in the electronic edition

Figure 6.1 Possible outcomes in the comparison of incremental costs and incremental effectiveness of two procedures. (Reproduced from Methods for
the Economic Evaluation of Health Care Programmes (Third Edition) by Michael F. Drummond, Mark J. Sculpher, George W. Torrance, Bernie J. O'Brien and
Greg L. Stoddart (2005), Figure: Box 2.2, p. 13. By permission of Oxford University Press.)

Lastly, it is important to assess whether the conclusions of
another study are applicable to the clinician’s own practice
(i.e., in terms of patient population, practice patterns, level
of resource consumption, and relative costs).*

Conclusions

In view of rising healthcare spending, it is becoming
increasingly important to use the most cost-effective health
program that fits within the available budget. The use of
economic analyses can help determine which health
program provides the greatest effect at lowest cost. It is
important to carefully consider the perspective, time
horizon, discount rate, and sensitivity analyses when inter-
preting economic analyses. High-quality economic analy-
ses are important for orthopedic research.
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Case scenario

A70 year old ambulatory white woman who is living inde-
pendently is brought to the Emergency Department after
slipping and falling in her bathtub. She is unable to weight
bear and is complaining of pain in the right groin area.
Radiography reveals a right femoral neck fracture and she
is subsequently sent to surgery for fracture repair.

Relevant anatomy

2000, there were an estimated 9 million osteoporotic frac-
tures worldwide, of which 1.6 million were hip fractures,
1.7 million were forearm fractures, and 1.4 million were
vertebral fractures.® The lifetime risk of any osteoporotic
fracture is 40-50% in women and 13-22% in men.’

Hip fractures are the most severe type of osteoporotic
fracture as they require hospital admission and are associ-
ated with significant morbidity and mortality.” At 1 year
post hip fracture, mortality (in part due to other comorbidi-
ties) ranges from 12% to 20%,” with the majority of deaths
occurring within the first few months after fracture. An
excess risk of death may persist for at least 5 years after-

Openmirrorg#@Bt Globally, there are approximately 740,000 deaths

Hip fractures are anatomically classified as intracapsular or
extracapsular depending on the site of the fracture in rela-
tion to the insertion of the capsule of the hip joint on to the
proximal femur. Femoral neck (intracapsular) and intertro-
chanteric (extracapsular) fractures are the most common
types of hip fractures in patients with osteoporosis.'
Biomechanically, osteoporotic fractures occur due to skel-
etal fragility (from decreased bone quantity or impaired
bone quality) and/or from falling.” The greater trochanter
is generally the point of impact in a fall, making the femoral
neck particularly vulnerable to fractures.®

Importance of the problem

Osteoporosis is characterized by a reduction in bone mass
and a disruption of skeletal microarchitecture leading to an
increased susceptibility to fracture with minimal trauma.*
Over 200 million people worldwide suffer from osteoporo-
sis® and osteoporotic fractures account for 0.83% of the
global burden of noncommunicable disease.® In the year

per year due to hip fracture and resulting complications.’
Loss of function and independence among survivors is also
profound, with 40% of patients unable to walk independ-
ently and 60% requiring assistance a year later." Hip frac-
ture risk rises exponentially with age' and as populations
age, annual numbers of hip fractures are expected to esca-
late. The long-term costs associated with hip fractures are
also devastating. By the year 2041, annual economic impli-
cations of hip fracture are expected to reach $9.8billion in
the United States and $650 million in Canada."

Top five questions

Diagnosis

1. Are hip fracture patients receiving appropriate evalua-
tion and treatment for osteoporosis?

2. How do I decide which fragility fracture patients are at
high risk for future fracture and which patients to treat
pharmacologically?

Evidence-Based Orthopedics, First Edition. Edited by Mohit Bhandari.
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Therapy

3. What medications reduce the risk of hip fracture?
4. Does starting bisphosphonate therapy interfere with
fracture healing?

Harm

5. What are the side effects associated with long-term
bisphosphonate therapy?

Question 1: Are hip fracture patients receiving
appropriate evaluation and treatment for
osteoporosis?

Case clarification

After fracture repair, the patient is sent for bone mineral
density (BMD) testing by dual-energy X-ray absorptiome-
try (DXA) and has blood tests to rule out secondary causes
of osteoporosis.

The diagnosis of osteoporosis is determined by measuring a
patient’s BMD [the average concentration of bone mineral (g)
per unit of bone area (cm?)]. BMD is measured using DXA,
the gold standard method of measurement.

Relevance

The presence of a hip or other fragility fracture is a major
risk factor for osteoporosis, especially in patients aged 50
years or older, and is an important indicator for osteoporo-
sis diagnosis and treatment.” Orthopedic surgeons are in
an ideal position either individually or collaboratively with
colleagues to initiate and provide osteoporosis care for
patients with fragility fractures, as they are the first physi-
cians to make contact with the patient following fracture.

Current opinion

Current opinion suggests that many patients who sustain
hip or other fragility fractures do not receive appropriate
evaluation or treatment for osteoporosis.

Finding the evidence
* Cochrane Database with search terms: “osteoporosis
care gap”
e MEDLINE (1996 to August Week 1 2009) and Embase
(1980 to 2009 Week 33) search strategy:
1 exp Osteoporosis/ or osteoporosis.mp.
2 exp Physician’s Practice Patterns/ or osteoporosis care
gap.mp.
3 1land?2
4 limit 3 to (English language and humans)
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¢ A review of reference lists of relevant articles for addi-
tional published trials

Quality of the evidence

Level I

¢ 3 systematic reviews or meta-analyses
¢ 6 randomized controlled trials

Findings

A recent systematic review of 35 studies that evaluated
practice patterns relating to osteoporosis management after
fragility fracture found that recognition and treatment of
osteoporosis in these patients remained inadequate,' con-
firming the persistence of an earlier identified global oste-
oporosis care gap.” In this review, a clinical diagnosis of
osteoporosis was reported in less than 30% of patients in
the majority of studies. Further, DXA scans were performed
in less than 15% of patients in studies that reported on
BMD testing. More than half of the studies reported that
no more than 30% of fracture patients were taking calcium
and vitamin D and less than 15% of patients were receiving
bisphosphonate therapy.

Despite these alarming statistics, over the past decade
international awareness has grown regarding the need for
effective osteoporosis management in high-risk patient
groups, such as those with hip and other fragility fractures.
While there are evident barriers to osteoporosis care in the
orthopedic environment,'® the initiation and development
of various intervention programs has facilitated a consist-
ent improvement in osteoporosis diagnosis and treatment
rates. A summary of randomized controlled trials that have
piloted various interventions to improve the diagnosis and
treatment of osteoporosis in patients with hip fractures is
outlined in Table 7.1. A total of six randomized controlled
trials were identified,"”* all of which demonstrated signifi-
cant improvements in osteoporosis diagnosis and treat-
ment rates among patients randomized to an intervention
vs. those receiving usual care. Several different interven-
tion models proved to be effective including: (1) direct
evaluation and management of osteoporosis by an ortho-
pedic surgeon within a specialized osteoporosis clinic;** (2)
use of a clinical coordinator to identify, educate, and refer
patients for treatment with their primary care physi-
cian;®®%* and (3) mail-outs or e-mail notifications to
patients or primary care physicians about guidelines and
recommendations for osteoporosis management.””" The
common thread among these models was the establish-
ment of effective communication between the orthopedic
surgeon, patient, and primary care physician.

The most successful model to date appears to be the
clinical coordinator model. In addition to evidence from ran-
domized trials, there is a substantial body of literature from
nonrandomized data supporting this program type in ref-
erence to hip as well as other fragility fractures.”* In the
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Table 7.1 Summary of randomized controlled trials to improve the diagnosis and treatment of osteoporosis in patients with hip fracture

Reference  Population Fracture site Intervention Results
and etiology
Miki et al. INT: n = 26 Hip INT: In hospital OP evaluation including BMD scans of the The percentage of patients
2008% CON:n=24 Low trauma hip and spine and blood work. Started 1500 mg calcium (58%) who were on
Mean age 79.2 yrs and 800 IU vitamin D daily and were booked for a pharmacologic treatment for
71% female follow-up appointment in the orthopaedic OP clinic up to 1 OP at 6 mo postfracture was
month post-operatively. At follow-up, clinic team reviewed significantly greater when the
results of the BMD scans and lab work and prescribed evaluation was initiated by
risedronate 35 mg. Follow-up visits and/or phone calls at 2 the orthopaedic surgeon and
months and 6 months. Care transferred to primary was managed in a specialized
physician at 6 months. orthopaedic OP clinic vs.
CON: Started 1500 mg calcium and 800 IU vitamin D daily.  {reatment managed by a
Asked to approach family physician for an osteoporosis primary care physician (29%)
evaluation. Follow-up phone call at 6 months. (p =0.04)
Gardener INT: n =36 Hip INT: Prior to discharge received a 15 min discussion from A greater percentage of
et al. CON: n =36 Low trauma clinical coordinator about the association between OP and patients in the intervention
2005%° Mean age 82 yrs hip fractures, the efficacy of DXA scans in the diagnosis of group (42% vs. 19%) had
78% female OP and bisphosphonates in its treatment, and the their OP assessed by their
importance of medical follow-up for OP management. primary physician (p = 0.036)
Received 5 questions regarding OP treatment to be given to
their primary care physician. Follow-up call 6 weeks later to
remind them about the questions and at 6 months to
determine if OP had been addressed.
CON: At discharge received a 2-page pamphlet on fall
prevention. Follow-up phone call at 6 months to determine
it oPCUABEUMAFERLS-EOM
Davis INT: n =28 Hip INT (PEPA): (a) Usual care for the fracture including surgical PEPA group 68% were
et al. Mean age 80.4 yrs Low trauma treatment (b) OP information and a letter for the patients offered one or more
2007 75% female that encouraged them to return to their primary care components of best practice
CON: n=20 physicians for further investigation (c) A request for patients care compared with 35% in
Mean age 82.6yrs to take a letter from the orthopedic surgeon to their the usual care group
65% female primary care physician alerting that physician to the hip (p < 0.05)
fracture and encouraging OP investigation (d) A telephone 54% PEPA prescribed
call at 3 months and 6 months to determine whether OP bisphosphonate therapy vs.
investigation and treatment had occurred. 0% CON (p < 0.01)
CON: (a) Usual care for the fracture including surgical 29% PEPA had a BMD scan
treatment (b) A telephone call at 3 months (general health vs. 0% CON (p < 0.01)
inquiry) and 6 months to determine whether OP . .
investigation and treatment had occurred. e _PEPA_ pliseiloed ezldur
and vitamin d vs. 30% CON
(p=0.32)
32% PEPA were prescribed
exercise vs. 0% CON
(p < 0.01)
Bliuc et al. INT1: n =75 Any site Intervention initiated 3 months postfracture if patients had Significant increase in the
2006" 47% <50 yrs; Minimal or not been investigated or treated for OP by their primary number of people
53% = 50 yrs moderate care physician. investigated for OP in the
51% female trauma group receiving the letter

INT2: n =79
54% <50 yrs;
46% =50 yrs
59% female

INT1: Patients sent a personalized letter that outlined their
risk factors for OP and recommended follow-up with their
primary care physician. Follow-up phone call at 6 months.

INT2: Same personalized letter plus an offer of a free BMD
assessment. Follow-up telephone call at 6 months.

plus BMD offer:
38%(letter + BMD) vs 7%
(letter only); p = 0.001

Rates of treatment in both

groups were very low (6%)
(Continued)
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Table 7.1 (Continued)

Reference  Population Fracture site Intervention Results
and etiology
Majumdar INT: n =110 Hip INT: Case manager provided one-on-one counseling about At 6 months postfracture
et al. CON: n=110 Any etiology importance of BMD testing and the ability of 51% of patients in INT were
2007%' Median age 74 yrs bisphosphonate therapy and other treatments to reduce the receiving bisphosphonate
60% female risk of future fractures and arranged for a BMD test. Based therapy compared with 22%
on BMD results, case manager discussed risks and benefits in CON group (adjusted odds
of bisphosphonate therapy and arranged treatment for ratio, 4.7, 95% Cl, 2.4-8.9;
appropriate patients. All results and treatment plans p < 0.001)
communicated to the patient’s primary care physician. BMD tests performed in 80%
CON: Study personnel provided counseling on fall of patients in INT group vs
prevention and the need for additional intake of calcium 29% in CON (p < 0.001)
and vitamin D. Patients given educational materials on OP
and were asked to discuss the materials with their primary
care physician.
6 month follow-up
Feldstein INT1: n =101 Any site INT1: Primary care physician sent a patient-specific EMR At 6 months, provider
et al. 34.6% 50-69 yrs No open providing clinical guideline advice on OP. 3 months later reminder resulted in 51.5%
2006" 65.4% 70-89 yrs fractures another EMR sent to physicians who had not ordered a of patients receiving BMD

INT2: n = 109
37.6% 50-69 yrs
62.4% 10-89 yrs
CON: n =101
36.6% 50-69 yrs
63.4% 70-89 yrs

BMD or prescribed pharmacological treatment for enrolled
study patients.

INT2: Same as INT1 plus patients received a single mailing
of an advisory letter identifying their risk, discussing clinical
guideline recommendations and requesting that they discuss
OP management options with a primary care physician.
Educational materials were also included.

CON: Usual care

6 month follow-up

measurement or OP meds,
provider reminder plus
patient education resulted in
43.1% and usual care
resulted in 5.9% (p < 0.001)

Effect of provider advice
combined with patient
education was not
significantly different from
provider advice alone

(p = 0.88)

BMD, bone mineral density; CON, control; DXA, dual-energy x-ray absorptiometry; EMR, electronic medical record; INT intervention; IU, international
units; OP, osteoporosis; PEPA patient empowerment and physician alerting.

coordinator model, a staff member in the fracture clinic
(termed the coordinator) is assigned the task of identifying
patients with probable fragility fractures. The coordinator
then works with the orthopedic surgeon and other health
professionals to educate the patient and ensure appropriate
treatment and follow-up with the family physician. The
coordinator program has been shown to be both effective®
and cost-effective,”® and the challenge today is to allocate
systems and resources to facilitate this kind of care. A
similar model that has been effective in Glasgow (UK) is
termed a fracture liaison service.”

Recommendations

In patients aged 50 years or older who have sustained a hip
or other fragility fracture, evidence suggests that:

* Many patients are not receiving appropriate evaluation
and treatment for osteoporosis postfracture [overall quality:
high]
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e Significant progress has been made towards developing
and implementing programs to address this care gap
[overall quality: high]

Question 2: How do | decide which fragility
fracture patients are at high risk for future
fracture and which patients to treat
pharmacologically?

Case clarification

The DXA scan reveals that the patient has a T-score of —2.0
at the lumbar spine (L1-L4), a T-score of —3.9 at the left
femoral neck and a T-score of —4.1 at the left total hip. On
further questioning, the patient discloses that she has had
a prior wrist fracture at age 55 and that her mother had a
hip fracture. She is not taking oral steroids, does not have
rheumatoid arthritis, does not smoke, and drinks less than



one drink per month. Blood tests to identify secondary
causes of osteoporosis were negative.

A T-score is the number of standard deviations (SD) above
or below the mean value of BMD for young adults (20-30
years old). The World Health Organization (WHO) defines
osteoporosis as a T-score of —2.5 or less at the hip or lumbar
spine.

Relevance

Many patients who sustain a fragility fracture do not
receive appropriate pharmacologic treatment for underly-
ing osteoporosis.”* It is important to identify those at
high risk for future fracture and those who would benefit
from pharmacologic treatment in order to prevent future
fractures.

Current opinion

Current opinion suggests that lack of education and train-
ing about osteoporosis is an important barrier to ortho-
pedic postfracture care. Opinion is divergent among
orthopedic surgeons on which patients should be consid-
ered for pharmacologic treatment.

Finding the evidence
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other than BMD that contribute to the strength of a bone
such as geometry, microarchitecture, remodeling, minerali-
zation and damage accumulation.® It is the interplay
between both quantitative and qualitative factors that ulti-
mately determines the fragility of a bone and its suscepti-
bility to fracture.®® For this reason, recent treatment
guidelines have focused on evaluating a patient’s absolute
fracture risk, which considers BMD as well as other clinical
risk factors for fracture that are thought to capture some
aspects of bone quality.

The World Health Organization (WHO) has developed
an international Fracture Risk Assessment Tool (FRAX®),
that can be used to compute the 10-year probability of
fractures in men and women based on clinical risk factors
for fracture (which represent bone quality), with or without
the measurement of femoral neck BMD.* The algorithms
used in the FRAX model are based on a series of meta-
analyses using primary data from population-based cohorts
that have identified several clinical risk factors for frac-
ture.” The performance characteristics of the clinical risk
factors have been validated in independent, population-
based prospectively studied cohorts with over a million
person years of observation.” The FRAX tool calculates the
10-year probability of a major osteoporotic fracture (clinical
spine, hip, forearm, or proximal humerus) and hip fracture
calibrated to the fracture and death hazard of several
countries.*

e Cochrane Database with search terms: “osteopof3PI€RRAINTOrS.CRANFRAX calculation tool is available for public use

treatment guidelines”
e MEDLINE (1996 to August Week 1 2009) and Embase
(1980 to 2009 Week 33) search strategy:

1 exp Osteoporosis/di [Diagnosis]

2 exp Practice Guideline/

32and 1

4 limit 3 to (English language and humans)
¢ A review of reference lists of relevant articles for addi-
tional published trials

Quality of the evidence

Level 1

¢ 8 systematic reviews or meta-analyses
¢ 3 clinical practice guidelines

Findings

Until recently, decisions about osteoporosis therapy were
made based on the presence or absence of fractures and on
T-score values < -2.5 SD from DXA measurements of BMD.
Although low BMD is a strong and independent risk factor
for fracture,” it is not the only one. Indeed, most fractures
occur in women with osteopenia (T-score between —1.0 and
-2.5 SD) and not osteoporosis.”’ The main reason for this
observation is that BMD measures bone quantity and does
not take into account bone quality. Bone quality represents
essentially all of the other characteristics of bone tissue

online at http://www.shef.ac.uk/FRAX/index.htm. After
selecting an appropriate country of origin, a patient’s 10-
year fracture risk probability can be determined by answer-
ing a simple set of 12 questions pertaining to the patient’s
clinical risk factors for fracture (Table 7.2). Current fracture
risk cutoffs for the tool are based on cost effectiveness. For
example, low bone mass (T-score between —1.0 and -2.5 at
the femoral neck or spine) and a 10-year probability of a
hip fracture 23% or a 10-year probability of a major
osteoporosis-related fracture = 20% was shown to be cost-
effective in the USA.* In a study from the UK, the fracture
risk in women with a history of osteoporotic fracture was
selected as the treatment cutoff, corresponding to a risk
level of 7.5%.% It should be noted that cutoffs have not been
established for all countries that can utilize the FRAX tool.

While the FRAX tool facilitates the determination of who
is at high risk for fracture, by assessing quantity and indi-
rectly quality, it does have several limitations. Although
FRAX is an international tool, it is suitable for use only in
those countries for which epidemiological data are availa-
ble.*® The set of clinical risk factors used in the FRAX tool
also has limitations. For instance, several risk factors can
be indicated only as present or absent (“yes” or “no”) in
the question set, such as glucocorticoid therapy or previous
fracture. However, there is evidence that the risk associated
with the use of glucocorticoids is dose responsive.”* In

a1
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Table 7.2 List of clinical risk factors included in the WHO Fracture
Risk Assessment Model (FRAX)

Clinical risk factor

Geographic region

Race

Sex

Weight

Height

Prior fragility fracture

Parent with hip fracture
Glucocorticoid use (=5 mg/day of prednisone for >3 mo ever)
Rheumatoid arthritis

Secondary osteoporosis

Current smoking

Alcohol intake (=3 or more drinks/day)

WHO, World Health Organization.

addition, the risk of future fracture increases progressively
with the number of prior fractures.”” Further, only femoral
neck BMD is taken into account by FRAX, as it was the only
site for which BMD data was available for all of the study
cohorts. BMD measurement by DXA at the femoral neck
site is difficult as accurate measurements require correct
rotation of the femur and positioning of the region of inter-
est by the technician. As a result, considerable variability
in femoral neck BMD may occur. However, it should be
noted that a patient’s fracture risk probability can be
obtained without entering BMD data into the FRAX tool,
emphasizing again the importance of factors other than
BMD on future fracture risk. Additionally, the FRAX tool
can only be used to assess previously untreated patients.
Although the FRAX tool is available for use internation-
ally, it is not incorporated into all sets of treatment guide-
lines for osteoporosis worldwide. Treatment guidelines for
osteoporosis vary by country, and only some countries
recommend the use of the FRAX tool. A summary of
North American and European guidelines for fracture risk
assessment and treatment of osteoporosis is presented in
Table 7.3. The US National Osteoporosis Foundation
(NOF)* and the European Society for Clinical and Economic
Aspects of Osteoporosis and Osteoarthritis (ESCEO)*
both recommend the use of the FRAX tool to calculate
absolute fracture risk in their treatment guidelines for oste-
oporosis. The Osteoporosis Canada 2010 Guidelines*
suggest the use of one of two closely related tools for esti-
mating 10-year risk of major osteoporotic fracture: the
FRAX tool or the Canadian Association of Radiologists/
Osteoporosis Canada (CAROC) tool. Both were calibrated
using the same Canadian fracture data and were validated
in Canadians.** The CAROC tool stratifies men and
women over age 50 into three 10-year major osteoporotic
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fracture risk zones (low, moderate, and high). An initial risk
category is obtained from age, sex, and T-score at the
femoral neck. Clinical risk factors—the presence of a prior
fragility fracture after age 40 or recent prolonged systemic
glucocorticoid use—increase fracture risk independent of
BMD.

Recommendations

In patients aged 50 years or older who have sustained a
fragility fracture, and have not received prior pharmaco-
logic treatment, evidence suggests that:

¢ The FRAX tool can be used to calculate the 10-year prob-
ability of a major osteoporotic fracture (clinical spine, hip,
forearm, or proximal humerus) and hip fracture [overall
quality: high]

¢ Alternative methods are also available to determine
absolute fracture risk [overall quality: high]

¢ Treatment decisions should be patient specific and
guidelines developed by the appropriate country of origin
should be considered [overall quality: high]

Question 3: What medications reduce the risk
of hip fracture?

Case clarification

A complete dietary history reveals that the patient con-
sumes 1 glass of milk (350 mg dietary calcium), 1000 mg of
elemental calcium in the form of supplements, and 800IU
of vitamin D per day. She is not currently taking any pre-
scription medications.

Recommended daily calcium and vitamin D intakes for pop-
ulations vary by country. The Institute of Medicine (IOM)
recommends a daily calcium intake of 1000 mg for men 51-70
years and 1200mg for women. For men and women 71 years
of age and older the recommendation is 1200mg per day.
Vitamin D recommendations are 600IUs a day for men and
women 51-70 years of age and 800IUs per day for men
and women 71 years of age and older

Relevance

A number of different pharmacologic agents are available
for the treatment of osteoporosis.* Opinion among ortho-
pedic surgeons is divergent on which pharmacologic
agents are best to reduce the relative risk of hip fractures
in postmenopausal women who present with low BMD or
a prior fragility fracture.

Current opinion

Current opinion suggests that orthopedic surgeons pre-
scribe a variety of different pharmacologic agents for the
treatment of fragility fractures.
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Table 7.3 North American and European guidelines for fracture risk assessment and treatment of osteoporosis

Continent

Fracture risk assessment

Treatment guidelines

North America
(UsA)®

North America
(Canada)®

Europe®

WHO Fracture Risk Assessment Tool (FRAX)

Approach 1: WHO FRAX
Approach 2: Canadian Association of Radiologists/Osteoporosis
Canada (CAROCQ)

1 Select the table appropriate for the patient’s sex
2 ldentify the row that is closest to the patient’s age

3 Determine the patient’s absolute fracture risk category by using
the lowest T-score from the recommended skeletal sites (lumbar
spine, total hip, femoral neck, and trochanter, with forearm 1/3
radius if either spine or hip is not valid)

4 Evaluate clinical factors that may move the patient into a higher
fracture risk category (fragility fractures after 40 yrs of age and
current systemic glucocorticoid therapy >3 mo raise the patient to
the next higher risk category; if both facto@ﬁj@p{gﬁﬁrﬂ;mﬁem
high risk)

Determine the patient’s absolute fracture risk category

No universally accepted policy for population screening in Europe
to identify patients with osteoporosis or those at high risk of
fracture

Patients are identified opportunistically using a case-finding
strategy on the finding of a previous fragility fracture or the
presence of significant risk factors

Approach 1: BMD as intervention threshold

Approach 2: WHO FRAX

Postmenopausal women and men age 50 and older
presenting with the following should be considered for
treatment:

* A hip or vertebral (clinical or morphometric) fracture.
e T-score <-2.5 at the femoral neck or spine after appropri-
ate evaluation to exclude secondary causes

* Low bone mass (T-score between —1.0 and -2.5 at
the femoral neck or spine) and a 10-year probability of
a hip fracture 23% or a 10-year probability of a major
osteoporosis-related fracture >20% based on the US-
adapted WHO algorithm

Approach 1
Determine fracture risk category using the WHO FRAX®
tool

Approach 2

Absolute fracture risk categories:

e |ow risk (<10%, 10-yr fracture risk)

® Moderate risk (10-20%, 10-yr fracture risk)
o High risk (>20%, 10-yr fracture risk)

In both approaches, a patient’s fracture risk category is the
basis for deciding on treatment and frequency of BMD
monitoring

Approach 1

® Postmenopausal women with a previous fracture can be
considered for treatment without the need for a BMD test
e Postmenopausal women with other clinical risk factors
should be considered for BMD testing, and treatment
should be considered where the T-score for BMD at the
femoral neck is —1.0 SD or lower for postmenopausal
women with a parental history of hip fracture, —2.0 SDs in
women committed to long-term oral glucocorticoids, and
—2.5 SD or lower for women with rheumatoid arthritis, who
smoke or who drink 3 units of alcohol or more daily

Approach 2

* Postmenopausal women with prior fragility fracture
should be considered for treatment

e FRAX probability determines whether the patient is above
or below the intervention threshold for treatment. The
intervention threshold at each age is set at a risk equivalent
to that associated with a prior fracture and therefore rises
with age

BMD, bone mineral density; SD, standard deviation; WHO, World Health Organization.
2US National Osteoporosis Foundation Guidelines®.

®Canadian Association of Radiologist/Osteoporosis Canada Guidelines*.

European Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis Guidelines®'.
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Finding the evidence
¢ Cochrane Database with search terms: “osteoporosis and
treatment and hip fracture”
¢ MEDLINE (1996 to August Week 1 2009) and Embase
(1980 to 2009 Week 33) search strategy:
1 expBoneDensity Conservation Agents/tu[Therapeutic
Use]
2 exp Hip Fractures/
3 land?2
4 limit 3 to (English language and humans)
e A review of reference lists of relevant articles for addi-
tional published trials

Quality of the evidence

Level 1

¢ 8 systematic reviews or meta-analyses
¢ 18 randomized controlled trials

Findings

The majority of pharmacologic agents available for the
treatment of osteoporosis are antiresorptive agents, which
include bisphosphonates (oral or intravenous), hormone
replacement therapy (HRT), raloxifene, denosumab, and
calcitonin. Other available agents are parathyroid hormone
(an anabolic agent) and strontium ranelate (a combination
antiresorptive and anabolic agent).” A summary of the effi-
cacy of pharmacologic agents on the relative risk reduction
of hip fractures is presented in Table 7.4. As the majority of
pivotal clinical trials were in postmenopausal women, data
in men is limited and will not be reviewed.

A recent review article” summarized the efficacy results
from pivotal clinical trials of four commonly prescribed
bisphosphonates—alendronate, risedronate, ibandronate
and zoledronic acid—for the treatment of postmenopausal
osteoporosis. A total of 11 randomized placebo-controlled
trials were identified (3 for alendronate,”®® 4 for risedro-

%55 and 2 for zoledronic acid™®).

nate,’* 2 for ibandronate,
Compared with placebo controls, alendronate, risedronate,
and zoledronic acid but not ibandronate (no available hip
data) were found to reduce the relative risk of hip fractures
in postmenopausal women with low BMD and/or prior
vertebral fracture by 30% to 51%. Similarly, two rand-
omized placebo-controlled trials looking at the fracture
efficacy of HRT in postmenopausal women with® and
without® hysterectomy demonstrated that HRT could
reduce the relative risk of hip fracture by 39% and 30%
respectively. The clinical trial of denosumab reported a
relative risk reduction of hip fracture with denosumab of
40%.°' In contrast, randomized placebo-controlled trials
with raloxifene®® and calcitonin® have failed to demon-
strate successful relative risk reductions of hip fracture in
postmenopausal women. Two pivotal trials*”! have exam-
ined the effects of hPTH(1-34) and hPTH(1-84) on fracture
risk reduction in postmenopausal women. hPTH(1-34) was
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shown to reduce the relative risk of nonvertebral frac-
tures;”" however, the number of women with hip fractures
was too small to estimate the incidence of hip fracture, and
thus the specific relative risk reduction at the hip site.
Similarly, the hPTH(1-84) trial”” did not report on the spe-
cific relative risk reduction of hip fractures, but the differ-
ence in the number of reported nonvertebral fractures was
not statistically significant between treated and untreated
groups. Finally, four randomized placebo-controlled trials
have evaluated the effects of strontium ranelate on fracture
risk reduction in postmenopausal women.”>”® Only one of
these trials specifically assessed the efficacy of the drug on
the relative risk reduction of hip fractures,” and failed to
show a significant relative risk reduction.

Recommendation

In patients aged 50 years or older with low BMD or prior
fragility fractures, evidence suggests that:

e Alendronate, risedronate, zoledronic acid, denosumab,
and HRT are all effective pharmacologic agents for reduc-
ing the relative risk of hip fracture [overall quality: high]

Question 4: Does starting bisphosphonate
therapy interfere with fracture healing?

Case clarification

After 1 week in hospital for hip fracture repair, the patient
is discharged to a long-term care facility. Before discharge,
she is prescribed an oral bisphosphonate.

Relevance

Bisphosphonates are antiresorptive agents used to treat
osteoporosis and other bone diseases characterized by
increased osteoclast-mediated bone resorption. As bone
formation and resorption are coupled,”® and hard callus
remodeling during fracture repair is osteoclast-mediated,”
a common concern of orthopedic surgeons is whether or
not bisphosphonates interfere with the fracture healing
process.

Current opinion

Current opinion suggests that the majority of orthopedic
surgeons do not feel that bisphosphonate therapy inter-
feres with clinical fracture healing.

Finding the evidence
¢ Cochrane Database with search terms: “bisphospho-
nates and fracture healing”
e MEDLINE (1996 to August Week 1 2009) and Embase
(1980 to 2009 Week 33) search strategy:

1 bisphosphonates.mp. or exp Diphosphonates/

2 fracture healing.mp. or exp Fracture Healing/

3 land 2

4 limit 3 to English language
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Table 7.4 Efficacy of pharmacologic agents on the relative risk reduction of hip fractures in postmenopausal women

Drug

Description of clinical trial

% relative risk
reduction for
hip fracture

Oral bisphosphonates

Alendronate®-°

Risedronate®'>*

Ibandronate®®

FIT-1; n = 2027; postmenopausal women with low femoral neck BMD and >1 vertebral
fracture; alendronate 5 mg/d (then increased to 10 mg/d at 24 months) or placebo; 3 yrs

FIT-2; n = 4432; postmenopausal women with low femoral neck BMD but no vertebral
fracture; alendronate 5 mg/d (then increased to 10 mg/d at 24 months) or placebo; 4 yrs

FLEX; n = 1099; postmenopausal women from FIT-1 and FIT-2 trials; alendronate 5 mg/d or
alendronate 10 mg/d or placebo; 5 yrs

VERT-NA; n = 2458; postmenopausal women with >2 vertebral fractures or 1 vertebral
fracture and low lumbar spine BMD; risedronate 2.5 mg/d (discontinued partway through
trial) or risedronate 5 mg/d or placebo; 3 yrs

VERT-MN; n = 1226; postmenopausal women with >2 vertebral fractures; risedronate 2.5
mg/d (discontinued partway through trial) or risedronate 5 mg/d or placebo; 3 yrs

VERT-MN Extension; n = 265; risedronate 5 mg/d or placebo; 2 yrs

HIP; n = 9331; postmenopausal women with osteoporosis at femoral neck and/or with >1
nonskeletal risk factor for hip fracture; risedronate 2 mg/d or risedronate 5 mg/d or placebo;
3yrs

BONE; n = 2946; postmenopausal women with 1 to 4 vertebral fractures and osteoporosis in
>1 vertebra; ibandronate 2.5 mg/d or ibandronate 20 mg every other day for 12 doses every
3 months or placebo; 3 yrs

Openmirrors.com

Intravenous bisphosphonates

Ibandronate®®

Zoledronic

acid®’*®

Other

Raloxifene®

Denosumab®’

Calcitonin®

DIVA; n = 1395; postmenopausal women with osteoporosis; 2 mg ibandronate injections
every 2 months plus oral placebo or 3 mg ibandronate injections every 3 months plus oral
placebo or 1 of 2 groups receiving oral ibanronate 2.5 mg/day plus placebo injections every 2
or every 3 months; 1 yr

HORIZON—pPivotal Fracture Trial; n = 7765; postmenopausal women with osteoporosis at
femoral neck with or without vertebral fracture or osteopenia with radiologic evidence of >2
mild vertebral fractures or 1 moderate vertebral fracture; single 5 mg infusion of zoledronic
acid every 12 months or placebo; 3 yrs

HORIZON—Recurrent Fracture Trial; n = 2127 men and women =50 yrs who had undergone
recent surgical repair of a low trauma hip fracture; single 5 mg infusion of zoledronic acid
every year; 2 yrs

MORE; n = 7705; postmenopausal women with osteoporosis; raloxifene 60 mg/d or
raloxifene 120 mg/d or placebo; 3 yrs

FREEDOM; n = 7868; postmenopausal women with osteoporosis; denosumab 60 mg
subcutaneously every 6 months or placebo; 3 years

PROOF; n = 1255; postmenopausal women with osteoporosis; calcitonin 100 |U/d or
calcitonin 200 1U/d or calcitonin 400 IU/d or placebo; 5 yrs

51%

NS

NR

NR

NR

NR

30%

NR

NR

41%

30%

NS

40%

NS

(Continued)
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Table 7.4 (Continued)

Drug Description of clinical trial % relative risk
reduction for
hip fracture

HRTo%0 WHI:

(@) n = 16608; postmenopausal women with intact uterus; conjugated equine estrogen 0.625 33%

mg/d + medroxyprogesterone acetate 2.5 mg/d or placebo; 5.6 yrs

(b) n = 10739;postmenopausal women who had undergone hysterectomy; conjugated 39%

equine estrogen 0.625 mg/d or placebo; 6.8 yrs

Anabolic agents

Teriparatide
(parathyroid
hormone
1-34)"

Parathyroid
hormone
(1-84)7

PTH(1-84) 100 pg/d or placebo; 1.5 yrs

Antiresorptive/anabolic agents

Strontium

ranelate’® placebo; 3 yrs

Neer et al. ; n = 1637; postmenopausal women with prior vertebral fractures; PTH(1-34) 20 NR
ug/d or PTH(1-34) 40 pg/day of or placebo; 1.8 yrs

TOP; n = 2679 ; postmenopausal women with low BMD at hip or spine; recombinant human NR

TROPQOS; n = 5091; postmenopausal women with osteoporosis; strontium ranelate 2 g/d or NS

BMD, bone mineral density; BONE, Oral Ibandronate Osteoporosis Vertebral Fracture Trial in North America and Europe; DIVA, Dosing Intravenous
Administration Trial; FIT, Fracture Intervention Trial; FLEX, Fracture Intervention Trial Long-Term Extension; FREEDOM, Fracture Reduction Evaluation of
Denosumab in Osteoporosis Every 6 Months; HIP, Hip Intervention Program Trial; HORIZON, Health Outcomes and Reduced Incidence with Zoledronic
Acid Once Yearly; HRT, hormone replacement therapy; IU, international units; MN, multinational; MORE, Multiple Outcomes of Raloxifene Evaluation;
n, total number of participants randomized; NA, North America; NR, (separate hip data) not reported; NS, not statistically significant; PROOF, Prevent
Recurrence of Osteoporotic Fractures Study; PTH, parathyroid hormone; TOP, Treatment of Osteoporosis Study; TROPOS, Treatment of Peripheral
Osteoporosis Study; VERT, Vertebral Efficacy with Risedronate Therapy; WHI, Women’s Health Initiative.

¢ A review of reference lists of relevant articles for addi-
tional published trials

Quality of the evidence
Level I
¢ 2 randomized controlled trials

Level IV
e 1 case series

No classification
® 14 trials in animals

Findings

The majority of studies examining the effects of bisphos-
phonates on fracture healing have been in animal models.
Very few studies have examined this relationship in humans.

Animal studies Fourteen animal studies have documented
the effects of bisphosphonate therapy on fracture healing”*":
1 in sheep, 3 in dogs, 1 in rabbits and 9 in rats (Table 7.5).
Several studies in both rat and dog models demonstrate
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that long-term continuous administration of bisphospho-
nates can delay hard callus remodeling *"#**%%% However,
the mechanical integrity of the callus is generally not com-
promised.®%*% In fact, further studies of continuous
bisphosphonate administration in rat and sheep models
suggest that treatment can improve the bone mineral
content of the callus.**¥”! The most promising results,
however, have been seen with single-dosing regimens of
bisphosphonates. When bisphosphonates such as zoledro-
nate are given in a single dose, the delays in hard callus
remodeling appear to be reduced” and improvements are
seen in both tissue volume and strength,”®”*®% suggesting
that bisphosphonates may even assist the healing process.”

Human studies Despite the large number of patients treated
annually with bisphosphonates, only two studies have
examined the effects of these drugs on fracture healing in
human models.”** One randomized placebo-controlled
prospective trial examined BMD in the fracture callus of 32
postmenopausal women with a distal radial fracture
treated with cast immobilization.”® At 2 months postfrac-
ture, women treated with clodronate had a 20% increase in
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Table 7.5 Summary of animal studies examining the effects of bisphosphonates on fracture healing

Reference Model Agent and mode of Effects on fracture healing
administration

Goodship et al. 1994% Sheep Pamidronate; A More prolific callus formation with an associated rise in the rate of
BMC as well as improved torsional strength; Callus remodeling was
reduced but not arrested

Bauss et al. 2004%° Dog Ibandronate; B and A No impairment in BMD, bone structure, bone repair, coupling nor
serum parameters for bone formation and turnover after long-term
administration

Peter et al. 1996%° Dog Alendronate; B and A Treatment before or during fracture healing or both increased
fracture callus size and delayed callus remodeling but had no
adverse effects on the union, strength or mineralization of bone

Lenehan et al. 1985% Dog EHDP; A Dose-dependent and reversible inhibitory effects on fracture healing

Matos et al. 2007% Rabbit Zoledronate; A Improved bone formation resulting in larger trabecular bone volume
and little fibrosis volume

McDonald et al. 2008%° Rat Zoledronate; A Weekly dosing delayed hard callus remodeling

Yang et al. 2007 Rat Pamidronate; B and A Callus ultimate load to failure was decreased (NS)

Amanat et al. 20077° Rat Zoledronate; A Greater callus BMD, volume and strength; Delayed drug
administration produced a larger and stronger callus

Amanat et al. 200578 Rat Pamidronate; A Greater callus BMC, volume and strength

Koivukangas et al. 2003%° Rat Clodronate; B and A Increased size of the fracture callus but fracture healing process not
prolonged even with administration of the drug on a long-term basis
before fracture

Cao et al. 2002°' Rat Alendrona@pemﬁirrors_@@mssed remodeling of the callus leading to higher woven bone
content, lower lamellar bone content and persistent visibility of the
original fracture line

Li et al. 2001%° Rat Incadronate; B and A Long-term continuous treatment delayed fracture healing particularly
with high-dose treatment, but without impairing the mechanical
integrity of the callus

Li et al. 19998¢ Rat Incadronate; B and A Pretreatment did not affect fracture healing; Continuous treatment
led to a larger callus and delayed bone remodeling especially with
high-dose treatment

Madsen et al. 1998%’ Rat Clodronate; B and A Increased BMC and BMD when drug given before and after fracture,

but no adverse effects on fracture healing

A, after fracture; B, before fracture; BMC, bone mineral content; BMD, bone mineral density; NS, not statistically significant.

BMD at the fracture site compared with the placebo group;
however, the difference between groups diminished over
time. A double-blind randomized placebo-controlled trial
in a comparable population also showed similar effects on
BMD postfracture after the administration of alendronate.”
Greater BMD was observed in the treated group compared
with the placebo group up to 1 year postfracture. Finally,
it is also noteworthy to mention that data from the pivotal
clinical trials of bisphosphonates in patients with oste-
oporosis (see Question 3) have not indicated that fracture
healing is impaired, nor has return of fractures been
reported with long-term bisphosphonate therapy.”

Recommendations
On the basis of evidence available from preclinical investi-
gations, it is evident that:
¢ Continuous administration of a bisphosphonate in the
presence of a fracture may modestly delay hard callus
remodeling, but generally does not compromise the mechan-
ical integrity of the fracture callus [overall quality: very low]
¢ Single-dosing of bisphosphonates in the presence of a
fracture can reduce delays in hard callus remodeling and
improve bone strength [overall quality: very low]

On the basis of evidence from clinical investigations, it
is evident that:
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¢ Administration of a bisphosphonate in the presence of a
fracture can improve BMD in the short-term at the site of
fracture [overall quality: moderate]

Question 5: What are the side effects
associated with long-term bisphosphonate
therapy?

Case clarification
The patient is scheduled to have dental implants next
month.

Relevance

Bisphosphonates are the most frequently prescribed drugs
for the treatment of osteoporosis.” Long-term safety infor-
mation about these agents is therefore clinically important.
A concern of many orthopedic surgeons is whether or not
long-term treatment with bisphosphonate therapy is safe
for patients aged 50 years or older who have sustained a
hip or other fragility fracture.

Current opinion

Current opinion suggests that orthopedic surgeons are con-
cerned about the potential adverse effects of long-term
bisphosphonate use.

Finding the evidence
® Cochrane Database with search terms: “bisphosphonates
and side effects,” “bisphosponates and adverse effects”
¢ MEDLINE (1996 to August Week 1 2009) and Embase
(1980 to 2009 Week 33) search strategy:
1 bisphosphonates.mp. or exp Diphosphonates/
2 exp Bone Density Conservation Agents/ae [Adverse
Effects]
3 land 2
4 limit 3 to (english language and humans)
* A review of reference lists of relevant articles for addi-
tional published trials

Quality of the evidence

Level

* 5 systematic reviews or meta-analyses
¢ 5 randomized controlled trials

Level 11
¢ 1 cohort study

Level 11T
¢ 2 case-controlled studies

Level IV
e 5 case series
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Level V
¢ 1 expert opinion

Findings
Atrial  fibrillation In 2007, the US Food and Drug
Administration (FDA) announced an ongoing safety review
of a potential link between bisphosphonate use and
“serious” atrial fibrillation”® based on data from two rand-
omized trials: the HORIZON Pivotal Fracture Trial and the
FIT Trial (Table 7.4).3%%” In the HORIZON Pivotal Fracture
Trial,”” more patients in the zoledronic acid group devel-
oped arrhythmia (6.9% vs. 5.3%, p < 0.003) compared to the
placebo group. The incidence of serious atrial fibrillation
(defined as life-threatening or resulting in hospitalization
or disability) was also significantly higher among those
using zoledronic acid. In the FIT Trial,” a trend towards a
higher incidence of serious atrial fibrillation was seen in the
alendronate group (relative hazard 1.51; 95% CI 0.97-2.40;
p=0.07) compared to the placebo group, however, no
increase in the overall occurrence of atrial fibrillation (rela-
tivehazard, 1.14;95% CI,0.83 to 1.57; p = 0.42) was observed.
A recent meta-analysis' evaluated the risk of atrial
fibrillation with bisphosphonate therapy in all studies to
date that have reported on atrial fibrillation events.
Bisphosphonate exposure was found to be significantly
associated with the risk of serious atrial fibrillation events
(OR 1.47; 95% CI 1.01-2.14; p = 0.04; I* = 46%) based on
data from four pivotal randomized controlled trial data
sets. 0775892101 However, meta-analysis of all atrial fibrilla-
tion events (serious and nonserious) from the same data
sets yielded a pooled OR of 1.14; 95% CI 0.96-1.36; p = 0.15;
I* = 0%). The two case-controlled studies included in the
meta-analysis showed different results. One found a sig-
nificant association between any bisphosphonate exposure
(ever users) and atrial fibrillation'” (adjusted OR 1.86; 95%
CI 1.09-3.15), whereas the other study found no associa-
tion'® (adjusted OR 0.99; 95% CI 0.90-1.10). In both studies,
however, the association was not statistically significant
when restricted to current users. Another register-based
restricted cohort study'™ comparing fracture patients
beginning bisphosphonates (n =15,795) with unexposed
patients of the same age, sex and fracture type (n = 31,590),
reported incidence rates of atrial fibrillation to be 16.5/1000
person years for untreated fracture patients and 20.6/1000
person years in bisphosphonate users, corresponding to an
age- and sex-adjusted hazard ratio of 1.29 (1.17-1.41). The
effect size was further reduced to 1.18 (1.08-1.29) by adjust-
ment for comedications and comorbidity. The study also
found that bisphosphonate users were at increased risk of
hospital-treated atrial fibrillation (adjusted HR 1.13 (1.01-
1.26)), but the risk among bisphosphonate users was
inversely proportional to adherence. Based on the current
evidence to date, the FDA has communicated that there is
no clear association between bisphosphonate use and the



rate of serious or nonserious atrial fibrillation, regardless
of dose or duration of bisphosphonate therapy. Further, the
FDA maintains that the current indications for bisphospho-
nate use should remain unchanged.'”

Osteonecrosis of the jaw Since 2003, there have been several
case reports of osteonecrosis of the jaw (ON]) associated
with the use of bisphosphonates, primarily in patients with
cancer,'®'”” although a consensus on diagnostic criteria for
ONJ] is vague. The American Society for Bone and Mineral
Research (ASBMR) task force on ONJ,'® a multidisciplinary
expert group assembled to address key questions related
to the disorder, developed the following definition of ON]J
to help future investigations of the condition:

an area of exposed bone in the maxillofacial region that has
not healed within 8 weeks after identification by a healthcare
provider in a patient who is receiving or has been exposed
to a bisphosphonate and has not had radiation therapy to the
craniofacial region.

The clinical severity of ONJ has led to a number of inves-
tigations examining the incidence and prevalence of ON]J
among bisphosphonate users.'” Current evidence from
case reports suggests that the risk for ONJ associated with
oral bisphosphonate therapy for osteoporosis is very
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low.'®"% The ASBMR task force on ONJ recently reviewed
published and unpublished case reports of ONJ,'® and
identified 57 cases of ONJ in patients treated with bisphos-
phonates for osteoporosis, the majority of which were asso-
ciated with alendronate. The review concluded that the risk
for ONJ in this patient group was very low (between 1 in
10,000 and <1 in 100,000 patient-treatment years). The
ASBMR task force on ONJ also developed a number of
clinical management recommendations regarding ON]J for
patients initiating or already receiving bisphosphonate
therapy, which are outlined in Table 7.6. Woo et al."? also
conducted a systematic review of all potential cases of ON]J
reported between 1966 and 2006 and came to a similar
conclusion as the ASBMR task force on ONJ. Only 15 of 368
reported cases of ONJ were in patients using oral bisphos-
phonates for osteoporosis.

In data from randomized clinical trials of the bisphos-
phonates marketed in the US for the treatment of oste-
oporosis, no cases of ONJ have been reported, out of over
17,000 patients exposed to alendronate, more than 44 000
patient-years of exposure to risedronate and over 12,000
patients exposed to ibandronate.'” However, none of these
trials included the reporting of dental adverse events, nor
was there an adjudication of suspicious dental findings.
These findings were documented in a recent review paper

Table 7.6 ASBMR Task Force on ONJ recommendations and@p@mﬁ]ﬁ‘f@r@i@mﬁwith osteoporosis or other nonmalignant bone disease

initiating or already receiving bisphosphonate therapy'®

Patient Group Recommendations and precautions

Inititating Patients should be informed that the risk of developing bisphosphonate-associated ONJ with routine oral therapy for

bisphosphonate osteoporosis or Paget’s disease seems to be low, ranging between 1/10,000 and 1/100,000

therapy Patients who express concern about ONJ should be encouraged to seek additional information from a dentist or dental specialist
Healthcare providers should encourage patients who are starting to take bisphosphonates to practice good oral hygiene and
have regular dental visits
Because the risk of developing bisphosphonate-associated ONJ seems to be related to longer duration of bisphosphonate
exposure and the risk is low, it is not necessary to recommend a dental examination before beginning oral bisphosphonate
therapy or to otherwise alter routine dental management

Receiving Healthcare providers should encourage patients to practice good oral hygiene and have regular dental visits

br:sphosphonate Patients with periodontal disease should receive appropriate nonsurgical therapy. If surgical treatment is necessary, it should be

therapy

aimed primarily at reducing or eliminating periodontal disease. Modest bone recontouring may be considered when necessary

Current information indicates that taking bisphosphonates for osteoporosis is not a contraindication for dental implant placement.
However, if dental implants are considered, appropriate informed consent is recommended and should be documented

Endodontic treatment is preferable to extraction or periapical surgery when possible

If an invasive dental procedure is anticipated, some experts suggest stopping the bisphosphonate for a period before and after
the procedure. There are no data to suggest stopping the bisphosphonate will improve dental outcomes, however, given the
long retention of bisphosphonates in the skeleton, temporary discontinuation of bisphosphonate therapy is unlikely to have an

adverse effect on the patient’s skeletal condition

Adapted from Khosla et al. Bisphosphonate-associated osteonecrosis of the jaw: Report of a Task Force of the American Society for Bone and Mineral

Research. J Bone Miner Res 2007;22(10)1479-89.
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by Silverman et al.'” and were based on personal commu-

nications between the authors and the corresponding drug
companies. In a recently completed trial entitled the Health
Outcomes and Reduced Incidence with Zoledronic Acid
Once Yearly (HORIZON) Pivotal Fracture Trial”—a major
randomized clinical trial that evaluated yearly zoledronic
acid 5mg for the treatment of postmenopausal osteoporo-
sis in 7,736 postmenopausal women—an adverse event
review process was established to assess maxillofacial
adverse events objectively and independently. This is the
largest trial to date in which ONJ has been examined in a
systematic fashion with adjudication of all potential cases.""
In the HORIZON Pivotal Fracture Trial there were no spon-
taneous reports of ONJ; however, after a thorough review
of all maxillofacial adverse events, two potential cases of
ONJ were found to meet predefined adjudication criteria
(exposed bone in the oral cavity present >6 weeks): one
case in the treatment group and one in the placebo group,
making incidence rates similar between groups. In both
patients, the condition resolved after antibiotic therapy and
debridement.

Atypical fractures Several case reports”'*™° have docu-
mented atypical fractures linked to long-term bisphospho-
nate use. Atypical fractures are those occurring at sites that
are uncommon (but not absolutely unlikely) for osteoporo-
sis such as the midshaft femur, pelvis, and tibia, as well as
those that have exhibited impaired healing. Recently, a
multidisciplinary expert group (task force), similar to the
one discussed previously for the issue of ON]J, was estab-
lished by the ASBMR to address key questions related to
these fractures. A report put out by this task force''® devel-
oped a formal case definition for the condition, reviewed
available published and unpublished data, and provided a
set of recommendations for orthopedic and medical man-
agement (Table 7.7). The report reviewed 310 cases of atypi-
cal femoral fractures and found that 291 patients (94 %)
with this condition had taken a bisphosphonate; however,
a causal association was not established. The report con-
cluded that the incidence of atypical femoral fractures asso-
ciated with bisphosphonate therapy for osteoporosis is
very low (~3-10 per 10,000 patients), particularly in com-
parison to the number of vertebral, hip and other fractures
that are prevented by bisphosphonates. However, the find-
ings suggested that the risk increases with increasing dura-
tion of exposure, thus there was concern that a lack of
awareness and under-reporting may currently mask the
true incidence of the problem. Given the rarity of atypical
femoral fractures, the task force recommended that specific
diagnostic and procedural codes be created and that an
international registry be established to facilitate studies of
the clinical and genetic risk factors and optimal surgical
and medical management of these fractures. Physicians
and patients will also be made aware of the possibility of

50

atypical femoral fractures through a change in labeling of
bisphosphonates.

Recommendations

In patients aged 50 years or older who use long-term
bisphosphonate therapy for osteoporosis, evidence sug-
gests that:

¢ There is no clear association between bisphosphonate
use and the rate of serious or nonserious atrial fibrillation,
regardless of dose or duration of bisphosphonate therapy
[overall quality: high]

¢ The risk of developing bisphosphonate-associated ON]J
with routine oral therapy for osteoporosis is very low
[overall quality: high]

¢ The benefits of bisphosphonates in preventing hip and
other osteoporotic fractures outweigh the risk of develop-
ing atypical femoral fractures. [overall quality: low]

Summary of recommendations

* Many patients who have sustained a hip or other fragil-
ity fracture are not receiving appropriate evaluation and
treatment for osteoporosis postfracture

e Significant progress has been made towards developing
and implementing programs to address the osteoporosis
care gap

¢ The FRAX tool can be used to calculate the 10-year prob-
ability of a major osteoporotic fracture (clinical spine, hip,
forearm or proximal humerus) and hip fracture

¢ Alternative methods are also available to determine
absolute fracture risk

¢ Treatment decisions should be patient specific and
guidelines developed by the appropriate country of origin
should be considered

e Alendronate, risedronate, zoledronic acid, denosumab
and HRT are all effective pharmacologic agents for reduc-
ing the relative risk of hip fracture in patients with low
BMD or prior fragility fractures

¢ Continuous administration of a bisphosphonate in the
presence of a fracture may modestly delay hard callus
remodeling in animals, but generally does not compromise
the mechanical integrity of the fracture callus

¢ Single-dosing of bisphosphonates in the presence of a
fracture can reduce delays in hard callus remodeling and
improve bone strength in animals

¢ Administration of a bisphosphonate in the presence of a
fracture can improve BMD in the short-term at the site of
fracture

e There is no clear association between bisphosphonate
use and the rate of serious or nonserious atrial fibrillation,
regardless of dose or duration of bisphosphonate therapy
¢ The risk of developing bisphosphonate-associated ONJ
with routine oral therapy for osteoporosis is very low
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Table 7.7 ASBMR Task Force on Atypical Femoral Fractures recommendations for orthopedic and medical management of atypical femoral

fractures''®

Issue

Recommendations

Surgical management
History of thigh or
groin pain in a patient
on bisphosphonate
therapy

Complete
subtrochanteric/
diaphyseal femoral
fracture

Incomplete
subtrochanteric/
femoral shaft
fractures

Medical management

Prevention

Treatment

Rule out femoral fracture. AP and lateral plain radiographs of the hip, including the full diaphysis of the femur should be
performed. If the radiograph is negative and the level of clinical suspicion is high, a technetium bone scan or MRI of the
femur should be performed to detect a periosteal stress reaction

Orthopedic management includes stabilizing the fracture and addressing the medical management (below). Endochondral
fracture repair is the preferred method of treatment since bisphosphonates inhibit osteoclast remodeling. Intramedullary
reconstruction full-length nails accomplish this goal and protect the femur. Locking plates preclude endochondral repair,
have a high failure rate, and are not recommended as the method of fixation. The medullary canal should be overreamed
to compensate for the narrow intramedullary diameter, facilitate insertion of the reconstruction nail and prevent fracture of
the remaining shaft. The proximal fragment may require additional reaming to permit passage of the nail and avoid
malalignment. The contralateral femur must be evaluated radiographically whether or not symptoms are present

Prophylactic reconstruction nail fixation is recommended if pain is present. If there is minimal pain, a trial of conservative
therapy in which weight bearing is limited through the use of crutches or a walker may be considered. However, if there is
no symptomatic and radiographic improvement after 2— 3 months of conservative therapy, prophylactic nail fixation should
be strongly considered because of the possibility of complete fracture. For patients with no pain, weight bearing may be
continued but should be limited and vigorous activity avoided. Reduced activity should be continued until there is no bone
edema on MRI

Decisions to initiate pharmacologic treatment including bisphosphonates to manage patients with osteoporosis should be
made based on an assessment of benefits and risks. Patients who are deemed to be a low risk of osteoporosis-related
fractures should not be started on @p@qﬁrﬁmmyg{@gﬁqns need to be wary of thigh or groin pain in patients on
bisphosphonates. Complaints of thigh or groin pain in a patient on bisphosphonates require urgent radiographic evaluation
of both femurs even if pain is unilateral

For patients with a stress reaction, stress fracture, or incomplete or complete subtrochanteric femoral shaft fracture, potent
antiresorptive agents should be discontinued. Dietary calcium and vitamin D status should be assessed and adequate
supplementation should be prescribed. Teriparatide should be considered in patients who suffer these fractures, particularly
if there is little evidence of healing by 4 to 6 weeks after surgical intervention

Adapted from Shane et al. Atypical subtrochanteric and diaphyseal femoral fractures: Report of a Task Force of the American Society for Bone and
Mineral Research. J Bone Miner Res 2010; 25:2267-94.

¢ The benefits of bisphosphonates in preventing hip and
other osteoporotic fractures outweigh the risk of develop-

pedic concern and necessitates continued evaluation and
attention.

ing atypical femoral fractures
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Thromboprophylaxis in
Orthopedic Practice

Ernest Kwek and Richard E. Buckley

Foothills Medical Center, University of Calgary, Calgary, AB, Canada

Case scenario

A 52 year old healthy man was involved in a low-energy
ski collision. He sustained bilateral proximal humeral frac-
tures and a right distal tibia fracture. He was initially
assessed and treated in a local hospital before being sent to
the regional trauma center 12 hours later. Due to resource
constraints, surgery was delayed for a further 38hours
during which time the patient did not receive any throm-
boprophylaxis. Simultaneous successful fracture surgery
was performed on the left shoulder and right ankle, but the
patient desaturated acutely after the tourniquet on the
right lower limb was released. He became hypotensive and
required cardiac massage and inotropic support. A trans-
esophageal echocardiogram was performed in the operat-
ing room and a large clot was found in the right atrium.
The patient underwent immediate open cardiac surgery to
remove the clot, but continued complications resulted in
an intraoperative stroke and brain death. He eventually
succumbed to complications 3 days later.

Relevant anatomy

Venous thromboembolism (VTE) is a significant complica-
tion of major orthopedic surgery, and can manifest as deep
venous thrombosis (DVT) or pulmonary embolism (PE).
DVT typically occurs in the lower extremities, with distal

DVT involving the deep calf veins, and proximal DVT
defined as thrombosis at or above the popliteal vein. PE
results when a piece of thrombus is detached from a
vein wall and lodges within the pulmonary arteries. This
is the most serious and life-threatening complication of
DVT.

Importance of the problem

The global incidence of VTE is unknown, because of its
silent nature in asymptomatic patients, as well as signifi-
cant differences in incidence depending on race/ethnicity.
However, in studies involving predominantly white popu-
lations, the incidence of first-time, symptomatic VTE,
standardized for age and sex to the United States popula-
tion, ranged from 71 to 117 cases per 100,000 population.™™
This incidence rate cannot be extrapolated to nonwhites
because of the 2.5-4-fold lowered risk in Asians/Pacific
Islanders and Hispanics, and the slightly higher risk in
African-Americans.®® Clinical studies (that do not include
autopsy data) report the incidence of clinically diagnosed
DVT to be approximately twice that of PE."* When autopsy
data is included, studies generally report a higher propor-
tion of PE (~55% PE, 45% DVT), possibly due to the detec-
tion of asymptomatic cases of PE at autopsy.>" Proximal
extension of symptomatic calf vein thrombosis occurs in 40
to 50% of cases,! with an estimated 30% of these cases
resulting in fatal PE.>"
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Almost all hospitalized patients have at least one risk
factor for VTE, with 40% having three or more risk
factors.””"® The incidence of hospital-acquired DVT is
approximately 40-60% following major orthopedic
surgery.” In American acute care hospitals, VTE is the
second most common medical complication, the second
most common cause of prolonged length of stay, and the
third most common cause of excess charges.”® PE is the
most common preventable cause of hospital death.”” With
an estimated 1 million individuals affected each year by
symptomatic VTE, the management of VTE incurs a sig-
nificant healthcare cost of approximately $1.5billion/
year.® Moreover, the burden of VTE extends beyond the
initial event to include long-term complications like recur-
rent VTE, post-thrombotic syndrome, and chronic pulmo-
nary hypertension.

Top ten questions
Diagnosis

1. What is the diagnostic modality of choice to detect DVT?

Therapy

2. Which patients require thromboprophylaxis?

CHAPTER 8 Thromboprophylaxis in Orthopedic Practice

Current opinion

Venography remains the gold standard for DVT diagnosis,
whereas spiral CT angiography is now the diagnostic tool
of choice for PE. The need for such definitive testing can
be reduced by using clinical prediction rules and D-dimer
assays.

Finding the evidence
¢ Cochrane Database, with keywords “diagnosis” and
pulmonary embolism,” or

”ou

“venous thromboembolism,
“deep vein thrombosis”

¢ PubMed clinical queries search: “diagnosis” and “venous
thromboembolism,” “pulmonary embolism,” or “deep
vein thrombosis”

¢ PubMed sensitivity search using keywords “ultrasonog-
raphy,” “D-dimer,” “clinical predictor rule,” “helical CT”
with “deep vein thrombosis” and “pulmonary embolism”

Quality of the evidence

Level 11

¢ 3 systematic reviews/meta-analyses of cohort studies
e 21 cohort studies

Findings

Clinical prediction rules combined with rapid D-dimer assays In
a systematic review of 12 studies (N = 5431 patients), ™
outpatients who had a low clinical probability of DVT

3. Which orthopedic procedures require thromb@pmhmirrorﬁsﬁ%e Wells clinical prediction rule (Table 8.1)* and a

laxis?

Are mechanical thromboprophylactic measures effective?
. What is the role of inferior vena caval filters?

. What is the ideal anticoagulant agent?

What about aspirin or warfarin?

. When should anticoagulant treatment be initiated?

. What should the duration of anticoagulant treatment
be?

© W NS W

Harm

10. What is the risk of bleeding with anticoagulants?

Question 1: What is the diagnostic modality of
choice to detect DVT?

Relevance

The basis of the diagnosis of DVT or PE has evolved from
invasive to noninvasive tests over the past 15 years.
Ultrasonography (US) has replaced venography for the
diagnosis of deep vein thrombosis, and CT pulmonary
angiography has replaced pulmonary angiography and
ventilation/perfusion (V/Q) lung scans for detection of PE.
Recent evidence also supports the use of clinical prediction
rules and D-dimer assays for assessing pretest probability
of DVT or PE before ordering more definitive tests.

normal D-dimer assay (using the less sensitive SimpliRED
assay) had a 3 month VTE incidence of 0.5% (95% CI 0.07-
1.1%). When a highly sensitive D-dimer assay was used,
the 3 month incidence of VTE was 0.4% (95% CI 0.04-1.1%)
among patients with low or moderate clinical probability
and a normal D-dimer assay.

Ultrasonography for DVT A meta-analysis of 100 cohort
studies (N = 10323 patients)® compared US to venography
in patients with suspected DVT. Duplex US (combined
compression and color Doppler US) had pooled sensitivity
of 96.5% (95% CI 95.1-97.6) for proximal DVT and 71.2%
(95% CI 64.6-77.2) for distal DVT, and specificity of 94.0%
(95% CI192.8-95.1). Compression US alone had pooled sen-
sitivity of 93.8% (95% CI 92.0-95.3%) for proximal DVT,
56.8% (95% CI 49.0-66.4) for distal DVT and specificity of
97.8% (95% CI 97.0-98.4).

Spiral CT angiography for PE A meta-analysis of 9 studies
(N =520 patients)*®™* reported a pooled sensitivity for
single- or double-row helical CT of 86.0% (95% CI 80.2—
92.1%), and specificity of 93.7% (95% CI 91.1-96.3%). The
reliability of multislice CT angiography may be enhanced
by clinical assessment (pretest probability) and CT venog-
raphy, but this has yet to be borne out in large prospective
trials.
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Table 8.1 Wells prediction rule for deep venous thrombosis: clinical
evaluation table for predicting pretest probability of deep vein
thrombosis

Clinical characteristic Score
Active cancer (treatment ongoing, within previous 6 1
months or palliative)

Paralysis, paresis or recent plaster immobilization of the 1
lower extremities

Recently bedridden >3 days, or major surgery within 12 1
weeks requiring general or regional anesthesia

Localized tenderness along the distribution of the deep 1
venous system

Entire leg swollen 1
Calf swelling 3cm larger than asymptomatic side 1
(measured 10cm below tibial tuberosity)

Pitting edema confined to the symptomatic leg 1
Collateral superficial veins (nonvaricose) 1
Alternative diagnosis at least as likely as deep venous -2

thrombosis

Note: A score of 3 or higher indicates a high probability of deep vein
thrombosis; 1 or 2, a moderate probability; and O or lower, a low
probability. In patients with symptoms in both legs, the more
symptomatic leg is used.

Recommendations

e The use of a D-dimer assay combined with a clinical
prediction rule has a very high negative predictive value.
Less sensitive D-dimer assays can be used to exclude VTE
in patients with low clinical probability of VTE, while more
sensitive assays can be applied to patients with low or
moderate probability of VTE. D-dimer assays have no role
in patients with high probability of VTE [overall quality:
moderate]

¢ Ultrasonography has high sensitivity for proximal DVT,
modest sensitivity for distal DVT and high specificity for
all locations. Optimal sensitivity, particularly for distal
DVT, is achieved by using duplex or triplex US, while
compression US alone has optimal specificity for proximal
DVT. Ultrasonography also has other benefits including
wide availability, noninvasiveness and the ability to exclude
alternative diagnoses. Despite this, venography has higher
sensitivity for detecting distal DVT and remains the gold
standard [overall quality: moderate]

e With modern, multidetector row CT scanners, the sensi-
tivity and specificity of spiral CTs are approaching the gold
standard set by the pulmonary angiogram, and many con-
sider CT angiograms to be the new gold standard. Despite
the apparent lack of sensitivity, it is safe to withhold anti-
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Table 8.2 Risk factors for venous thromboembolism

Surgery

Trauma (major trauma or lower-extremity injury)
Immobility, lower-extremity paresis

Cancer (active or occult)

Cancer therapy (hormonal, chemotherapy, angiogenesis inhibitors,
radiotherapy)

Venous compression (tumor, hematoma, arterial abnormality)
Previous VTE

Increasing age

Pregnancy and the postpartum period

Estrogen-containing oral contraceptives or hormone replacement therapy
Selective estrogen receptor modulators
Erythropoiesis-stimulating agents

Acute medical illness

Inflammatory bowel disease

Nephrotic syndrome

Myeloproliferative disorders

Paroxysmal nocturnal hemoglobinuria

Obesity

Central venous catheterization

Inherited or acquired thrombophilia (activated protein C resistance,
antithrombin Il deficiency, protein C/S deficiency, heparin cofactor I
deficiency, factor V Leiden mutation, prothrombin mutation 20210 ga,
hyperhomocysteinemia, lupus anticoagulant, anticardiolipin antibodies)

coagulation after a negative good-quality CT scan [overall
quality: moderate]

Question 2: Which patients require
thromboprophylaxis?

Relevance

Every patient undergoing surgery should be stratified for
VTE risk to assist in the surgeon’s decision-making process.
There are several approaches to doing this: one is to deter-
mine the VTE risk in each patient based on predisposing
factors (Table 8.2)."” Risk assessment models for DVT have
been devised for medical and surgical patients.* A second
approach is to assign patients to one of four VTE risk levels
based on several factors (Table 8.3).* A final approach involves
group-specific thromboprophylaxis as recommended by the
American College of Chest Physicians (Table 8.4).

Current opinion

Current risk assessment models are not comprehensive
and have not been validated in orthopedic surgery.
Controversy exists as to whether all the commonly cited
risk factors are relevant for postoperative VTE.



Table 8.3 Stratification of venous thromboembolism risk level
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Low Moderate

High Highest

Uncomplicated minor surgery
in patients <40 years old

Surgery in patients 40-60 years
old without risk factors

No risk factors Major surgery in patients <40

years old and no risk factors
Minor surgery in any age group
with risk factors

Major surgery in patients >60
years old without risk factors

Major surgery in patients >60
years old

With:

Previous VTE
Malignancy

Major surgery in patients >40
years old with risk factors

Orthopedic surgery
Thrombophilia
Stroke/spinal injury
Hip fracture

Table 8.4 Group-specific stratification of thromboembolism risk level

Levels of risk

Approximate DVT risk without
thromboprophylaxis (%)

Suggested
thromboprophylaxis options

Low risk
Minor surgery in mobile patients <10
Medical patients who are fully mobile

Moderate risk

Most general, open gynaecologic or
urologic surgery patients

Medical patients, bed rest or sick
Moderate VTE risk plus high bleeding risk

10-40

High risk

Hip or knee arthroplasty

Hip fracture surgery

Major trauma, spinal cord injury
High VTE risk plus high bleeding risk

40-80

No specific thromboprophylaxis
Early and aggressive ambulation

LMWH (at recommended doses),
LDUH bid or tid, fondaparinux
Mechanical thromboprophylaxis

Openmirrors.com

LMWH (at recommended doses),
fondaparinux, oral vitamin K
antagonist (INR 2-3)

Mechanical thromboprophylaxis

Finding the evidence

¢ Cochrane Database, with keywords “risk stratification,”
“risk factors,” “risk assessment models” and “venous
thromboembolism”

* PubMed sensitivity search using keywords “risk strati-
fication,” “risk factors,” “risk assessment models” and
“venous thromboembolism”

v

Quality of the evidence
Level 11

* 1 systematic review /meta-analysis

Findings

Risk assessment models No validated risk assessment mod-
els that are specific to orthopedic surgery are currently
available.

Validity of common risk factors A systematic review was
performed to determine the evidence base behind com-

monly cited risk factors, and found good evidence associ-
ating postoperative DVT with increased age, obesity,
previous thromboembolism, varicose veins, the oral con-
traceptive pill, malignancy, factor V Leiden gene mutation,
general anesthesia and orthopedic surgery.*® There is a
paucity of strong evidence, however, with regards to the
suggested risk factors of hormone replacement therapy,
gender, ethnicity or race, chemotherapy, other throm-
bophilias, cardiovascular factors, smoking, and blood

type.

Recommendation

* A group-specific approach as recommended by the
ACCP (American College of Chest Physicians) is the
best approach to VTE risk stratification in patients.
Currently, there is very little evidence recommending
individualized risk factor assessment or the relationship
of such factors to postoperative VTE risk [overall quality:
low]
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Question 3: Which orthopedic patients require
thromboprophylaxis?

Relevance

It is widely accepted that major orthopedic procedures
including hip and knee arthroplasty and hip fracture
surgery confer the highest risk for venous thromboembolic
events. More controversial are the indications for thrombo-
prophylaxis in spine patients, knee arthroscopy patients,
pelvic and acetabular fractures, and isolated lower extrem-
ity fractures.

Current opinion

There is a lack of consensus regarding the need for prophy-
laxis in patients other than those undergoing hip/knee
arthroplasty or hip fracture surgery, stemming from the
scarcity of evidence currently available.

Finding the evidence

* Cochrane Database, with keywords “venous throm-
boembolism” and “spinal surgery,” “spinal cord injury,”
“arthroscopy,” or “fractures”

e PubMed sensitivity search using keywords “venous
thromboembolism” and “spinal surgery,” “spinal cord
injury,” “arthroscopy,” or “fractures”

Quality of the evidence

Level 1

* 3 systematic reviews/meta-analyses
* 6 randomized trials

Level 11

e 1 systematic review of cohort studies

¢ 1 randomized trials with methodological limitations
* 2 cohort studies

Findings

Spine surgery In a systematic review of 25 cohort studies
(N =9991 patients),” the pooled DVT rate for patients
undergoing elective spine surgery without prophylaxis
was 2.7% and the PE rate was 0.2%. The DVT/PE rate was
2.7%/0.6% in patients who received prophylaxis with
graduated compression stockings, 4.6%/1.1% with pneu-
matic compression devices, 1.3%/1% with compression
devices and compression stockings, 0.6%/0.3% with chem-
ical anticoagulation, and 22%/1% with inferior vena cava
(IVQ) filters or other methods of prophylaxis.

Spinal cord injury The incidence of DVT in patients with
acute spinal cord injury has been reported to be more than
50%, with the incidence of fatal PE estimated to be as high
as 5%. In a systematic review of 23 studies examining
various interventions for VTE prevention,50 the best evi-
dence available (2 RCTs, N = 148 patients),”** suggests that
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low molecular weight heparin (LMWH), in particular
enoxaparin, is more effective than standard subcutaneous
heparin at reducing venous thromboembolic events.
Moreover, the incidence of bleeding complications appears
to be less with LMWH.

Knee arthroscopy A meta-analysis of 4 studies (N =527
patients) included predominantly male patients (age range
3144 vyears) undergoing various knee arthroscopic
interventions.®® The relative risk of thrombotic events
was 0.16 (95% CI 0.05-0.52) comparing any type of LMWH
vs. placebo. All thrombotic events but one (PE in the
LMWH group) were distal venous thrombosis. The number
needed to benefit was 17. Adverse events were most
common in the intervention group than in the control
group (relative risk = 2.04, 95% CI 1.21-3.44). The number
needed to harm was 20 for any adverse events.

Pelvic/acetabular trauma A systematic review of 11 studies
included 1760 patients with pelvic and acetabular frac-
tures.®® Most studies were observational designs with
minimal control data and quantitative pooling was not pos-
sible based on significant study heterogeneity. In one pro-
spective cohort study the proximal DVT rate was 10%, with
a symptomatic PE incidence of 5%.” No practical guide-
lines could be made based on the lack of strong evidence.

Lower extremity trauma In a prospective cohort study exam-
ining patients with lower extremity fractures distal to the hip
(N =102 patients),” the overall incidence of DVT was 28%
(95% C119.9-38.2%), of which only 12% were proximal DVT.
Risk of embolization was low. Another randomized control-
led trial (N =238 patients) studied the effect of LMWH on
patients with surgically fixed fractures below the knee.* The
incidence of venographically proven DVT between patients
receiving LMWH and placebo was similar (8.7% vs. 12.6%,
p=0.22), suggesting that thromboprophylaxis is not
necessary for patients with fractures below the knee.

Recommendations

¢ As the VTE rate after elective spinal surgery is low, anti-
coagulation as the primary method of prophylaxis cannot
be recommended. A combination of graduated compres-
sion stockings and intermittent pneumatic compression
should suffice [overall quality: moderate]

¢ Spinal cord injury patients have a high rate of VTE. The
best available evidence suggests LMWH as the thrombo-
prophylactic of choice [overall quality: low]

¢ There is no strong evidence to suggest the routine use of
thromboprophylaxis for patients undergoing knee arthros-
copy is beneficial or safe [overall quality: low]

* There is inadequate evidence to suggest that any particu-
lar thromboprophylaxis regime is superior for patients
with pelvic and acetabular fractures. Existing guidelines



recommend the use of LMWH in these high-risk patients
[overall quality: low]

¢ Current available evidence suggests that lower extrem-
ity fractures below the knee do not require chemical throm-
boprophylaxis [overall quality: low]

¢ Patients with more proximal lower extremity fractures
(above the knee) are more likely to develop DVT, and thus
prophylaxis is recommended [overall quality: low]

Question 4: Are mechanical
thromboprophylactic measures effective?

Relevance

Mechanical compression methods, including graduated
compression stockings, intermittent pneumatic compres-
sion and foot pumps, are widely available, inexpensive,
and have very few contraindications. These measures can
be employed as monotherapy in patients with contraindi-
cations to anticoagulant therapy, or in conjunction with
anticoagulants in higher-risk patients. Evidence regarding
the effectiveness of mechanical thromboprophylaxis has
been contradictory.

Current opinion

Mechanical measures effectively reduce the risk of venous
thromboembolism, and are a useful adjuvant to anticoagu-
lation agents.

CHAPTER 8 Thromboprophylaxis in Orthopedic Practice

devices in patients undergoing hip fracture surgery.”*”*

These devices significantly reduced the incidence of DVT
and PE when compared to the control group (relative
risk = 0.27, p = 0.00085).

Foot pumps Two studies (N = 147 patients) reported on the
use of arteriovenous foot impulse systems in patients
undergoing hip fracture surgery.”>”® These devices signifi-
cantly reduced the incidence of DVT and PE when com-
pared to the control group (relativerisk = 0.20,p = 0.000068).

Combined therapy Two studies (N = 1934 patients) reported
on the incidence of DVT in high-risk patients.””” Patients
who were treated with compression modalities and antico-
agulants had a significantly lower incidence of DVT com-
pared to patients who were given anticoagulants alone
(relative risk = 0.13, 95% CI 0.05-0.35).

Recommendation

¢ All the various methods of mechanical thromboprophy-
laxis have been shown to significantly reduce the incidence
of DVT, whether provided as monotherapy or in combina-
tion with anticoagulant therapy. Judicious use is recom-
mended, especially in patients with contraindications to
anticoagulant therapy [Overall Quality: Moderate]

Question 5: What is the role of IVC filters?

Openmirrors.com

Finding the evidence

¢ Cochrane Database, with keywords “mechanical throm-
boprophylaxis”

e PubMed clinical queries search: “mechanical thrombo-
prophylaxis”

¢ PubMed sensitivity search using keywords “mechanical
thromboprophylaxis”

Quality of the evidence

Level 1

¢ 3 systematic reviews/meta-analyses
¢ 12 randomized trials

Level 11
¢ 2 randomized trials with methodological limitations

Findings

Graduated compression stockings Seven studies (N = 1027
patients) reported on the incidence of DVT in a mixed
population of surgical and medical patients.”® Patients
who were treated with compression stockings developed a
lower rate of DVT compared to the control group (relative
risk = 0.36, 95% CI 0.26-0.49, p < 0.00001).

Intermittent pneumatic compression Three studies (N = 302
patients) reported on the use of cyclical compression

Relevance

IVC filters were historically used for patients with proven
VTE but developed complications on anticoagulation, had
contraindications to systemic anticoagulation, or had recur-
rent VTE despite adequate anticoagulation. However, these
indications have expanded in the last two decades despite
the lack of evidence-based guidelines (Table 8.5).5°%

Current opinion

There has been increasing use of IVC filters, particularly
with the advent of retrievable filters. Relative indications
other than those recommended are not based on any exist-
ing clinical evidence.

Finding the evidence

* Cochrane Database, with keywords “inferior vena caval
filters”

* PubMed sensitivity search using keywords “inferior
vena caval filters”

Quality of the evidence
Level I
¢ 1 systematic review

Level 11
¢ 1 randomized trial with methodological limitations
¢ 1 cohort study
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Table 8.5 Indications for IVC filter use

Recommended use according to evidence-based guidelines
Proven VTE with contraindication for anticoagulation

Proven VTE with complications of anticoagulation treatment
Recurrent VTE despite anticoagulation treatment (failure of
anticoagulation)

Expanded use (not guideline recommended)

Recurrent PE complicated by pulmonary hypertension

Patients with DVT and limited cardiopulmonary reserve or chronic
obstructive pulmonary

disease
Patients with large, free-floating ileofemoral thrombus
Following thrombectomy, embolectomy, or thrombolysis of DVT

High-risk trauma patients (head and spinal cord injury, pelvic or lower
extremity fractures) with a contraindication for anticoagulation

High-risk surgical patients with a contraindication for anticoagulation
Patients with DVT who have cancer, burns, or are pregnant
Contraindications for filter placement

Chronically thrombosed IVC

Anatomical abnormalities preventing access to the IVC for filter
placement

Findings

Permanent IVC filters Only one randomized controlled trial
has been published in the literature (n = 400 patients).*®
This study was flawed because it excluded patients with
contraindications to anticoagulation or who had failed
anticoagulation. It compared patients with permanent
filters to a control group without filters, although both
groups received anticoagulation concurrently.** At 8 years,
the rate of symptomatic PE in the filter group was signifi-
cantly reduced (hazard ratio=0.37, 95% CI 0.17-0.79,
p = 0.008), although the risk of recurrent DVT was increased
with prolonged filter use (hazard ratio = 1.52, 95% CI 1.02—
2.27, p = 0.042).

Temporary/retrievable IVC filters One prospective study
(n = 47 patients) evaluated the use of temporary or retriev-
able filters.®® Some contraindications to anticoagulation
listed in this study include major trauma with pelvic frac-
ture, planned operation, and childbirth. Twelve patients
also received filters as a prophylactic measure, without any
evidence of VTE. Two patients developed PE during or
after filter removal; two filters migrated, requiring reposi-
tioning or replacement; and two patients required surgical
filter removal due to trapped thrombi.

Recommendation

¢ There is a distinct lack of clinical evidence guiding the
current use of IVC filters. In the absence of evidence, the
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current accepted indication for filters remains “the con-
traindication to anticoagulation.” Clinical judgment should
be exercised for the use of temporary or retrievable filters,
or use of filters in nonrecommended situations [overall
quality: low]

Question 6: What is the ideal anticoagulant
agent?

Relevance

The 2008 ACCP guidelines recommend the use of several
anticoagulants for orthopedic surgery.”” These include low-
dose unfractionated heparin (LDUH), LMWH, subcutane-
ous pentasaccharide fondaparinux, and vitamin K
antagonists (VKAs), exemplified by warfarin. The ideal
anticoagulant should have high efficacy, safety, low levels
of bleeding, rapid onset of action, fixed dosing, and no
requirement for therapeutic monitoring. In this section, the
evidence for the injectable anticoagulants is presented.
Warfarin is discussed in the next section.

Current opinion

LDUH has largely been surpassed by LMWH. The factor
Xa inhibitor fondaparinux has even greater thrombopro-
phylactic efficacy, but this is balanced by a higher rate of
bleeding events.

Finding the evidence

¢ Cochrane Database, with keywords “heparin” or “anti-
coagulant” and “venous thromboembolism”

¢ PubMed sensitivity search using keywords “heparin” or
“anticoagulant” and “venous thromboembolism”

¢ Preference was given to orthopedically relevant studies

Quality of the evidence

Level 1

¢ 1 systematic review/meta-analyse
¢ 21 randomized trials

Level I1
¢ 1 cohort study

Findings

Efficacy of injectable anticoagulants A retrospective cohort
study analysed 144,806 patients undergoing major ortho-
pedic surgery using dalteparin, enoxaparin, fondaparinux,
and LDUH.* VTE was less frequent in the fondaparinux
group (1.5%). Patients receiving LDUH were most likely
to have a VTE (odds ratio =1.98, 95% CI 1.67-2.34,
p < 0.0001), while patients in the enoxaparin and dalteparin
groups were 40% (odds radio = 1.39, 95% CI 1.19-1.62,
p < 0.0001) and 20% (odds ratio = 1.22, 95% CI 1.01-1.46,
p = 0.0370) more likely to have VTE than the fondaparinux

group.



Bleeding rates In a meta-analysis of 21 studies (N = 20,523
patients) comparing the use of warfarin, unfractionated
heparin (UFH), LMWH, and fondaparinux in patients
undergoing major orthopedic surgery, LMWH resulted
in fewer major bleeding episodes than UFH (relative
risk = 1.52, 95% CI 1.04-2.23) and fondaparinux (relative
risk = 1.52, 95% CI 1.11-2.09) but more than warfarin (rela-
tive risk = 0.59, 95% CI0.44-0.80).5-1%

Cost In the same large cohort study mentioned above,
patients who received fondaparinux had significantly
lower adjusted mean costs than patients on LMWH or
LDUH (p <0.01), compared to LDUH which had the
highest adjusted mean cost per patient.86 This takes into
account that patients who had an episode of VTE or major
bleeding would incur greater costs.

Recommendations

¢ LMWH remains the best anticoagulation agent currently
available for thromboprophylaxis in orthopedic patients. It
is effective, safe, and relatively inexpensive [overall quality:
moderate]

¢ Fondaparinux has the strongest thromboprophylactic
efficacy and overall costs for treatment per patient is lower.
However, the significantly higher risk of bleeding com-
pared to LMWH limits fondaparinux use in postoperative
orthopedic patients [overall quality: high]
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e PubMed sensitivity search using keywords “warfarin”
or “aspirin” and “thromboprophylaxis” or “venous
thromboembolism”

Quality of the evidence

Level 1

* 1 systematic review /meta-analysis
* 21 randomized trials

Findings

Warfarin A meta-analysis of 20 randomized controlled
trials (N = 6,900 patients) assessed LMWH, UFH, and war-
farin as prophylaxis in orthopedic surgery patients."" The
relative risk of DVT for LMWH vs. warfarin was 0.78 (95%
CI 0.69—0.87, p<0.05). The relative risk of PE for LMWH
vs. warfarin was 1.00 (95% CI 0.10—9.94). Significantly
more minor bleeding was found with LMWH vs. warfarin
(relative risk = 3.28, 95% CI 2.21-4.70, p < 0.05).

Aspirin In a large randomized controlled trial involving
13,356 patients undergoing hip fracture surgery, low-dose
aspirin was administered preoperatively and continued for
35days after surgery.> Aspirin produced proportional
reductions in pulmonary embolism of 43% (95% CI 18-60,
p = 0.002) and in symptomatic DVT of 29% (95% CI 3-48,
p = 0.03). In the same study, similar reduced rates of VTE
were seen in 4088 patients who underwent elective hip

Openmirror&ﬁ}@@hsty However, excess episodes of postoperative

Question 7: What about aspirin or warfarin?

Relevance
As a VKA, warfarin has been the only oral anticoagulant
available for the past 65 years, and has historically been
used for thromboprophylaxis in total hip arthroplasty
patients. However, warfarin has numerous limitations,
including its narrow therapeutic window, slow onset of
action, multiple food and drug interactions, and genetic
metabolic variations."® Newer oral anticoagulants are
being developed that are free from warfarin’s drawbacks.
There has also been much interest in aspirin as a prophy-
lactic agent in VTE, especially in its potential for use as an
oral agent in extended-duration, out-of-hospital prophy-
laxis. It is believed that aspirin’s overwhelming benefit in
arterial occlusive disease may similarly have an effect on
venous thrombus formation.

Current opinion
Warfarin remains a viable alternative to heparin in VTE
prophylaxis. Aspirin, although effective, does not have an
established role in VTE prophylaxis and its routine use is
not recommended.

Finding the evidence
¢ Cochrane Database, with keywords “warfarin” or “aspirin”
and “thromboprophylaxis” or “venous thromboembolism”

transfused bleeding were noted with its use (p = 0.04).

Recommendations

e Warfarin is less effective than LMWH in the prevention
of VTE. However, it remains a feasible option because of
its cost-benefit ratio and relative ease of administration
[overall quality: moderate]

e While there is good evidence that aspirin does effectively
reduce VTE, its use as a monotherapy agent in VTE proph-
ylaxis is not clearly defined. First-line agents like LMWH
and warfarin have suggested superior efficacy and safety
profiles [overall quality: moderate]

¢ Newer oral anticoagulants that target either thrombin or
factor Xa have the potential to surpass warfarin as the oral
anticoagulant of choice. Drugs like dabigatran etexilate,
rivaroxaban, and apixaban are currently undergoing phase
II clinical trials and/or seeking US Food and Drug
Administration approval for use in the orthopedic popula-
tion [overall quality: low]

Question 8: When should anticoagulant
treatment be initiated?

Relevance
Much controversy exists regarding the optimal time to ini-
tiate thromboprophylaxis. On one hand, the belief that
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venous thrombi are formed perioperatively'® has directed
the European practice of providing antithrombotic therapy
preoperatively to maximize antithrombotic effectiveness.
On the other hand, the North American practice is to start
anticoagulation postoperatively to allow hemostasis of the
wound and reduce the risk of bleeding complications." In
addition, the administration of preoperative anticoagula-
tion may preclude the use of neuraxial anesthesia for fear
of developing spinal hematomas with catastrophic
consequences.

Current opinion

Current opinion suggests that there is no significant differ-
ence in VTE incidence whether thromboprophylaxis is ini-
tiated pre- or postoperatively.

Finding the evidence

¢ Cochrane Database, with keywords “timing” and “anti-
coagulation” or “thromboprophylaxis”

e PubMed sensitivity search using keywords “timing” and
“anticoagulation” or “thromboprophylaxis”

Quality of the evidence

Level 1

e 2 systematic reviews/meta-analyses
* 7 randomized trials

Findings

No large-scale randomized controlled trials exist which
address the relative efficacy and safety of preoperative vs.
postoperative initiation of VTE prophylaxis

Antithrombotic efficacy Six studies (N = 987 patients) evalu-
ated the use of enoxaparin in patients undergoing elective
hip replacement.>'*! When comparing the preoperative
regimen (initiated 10-12hours before surgery) to the post-
operative regimen (initiated within 24 hours after surgery),
there was no significant difference in the incidence of all
DVT (10% vs. 15.3%, p =0.02, 95% CI -9.58 to —1.06) or
proximal vein thrombosis (p = 0.38, 95% CI -1.67 to 4.71).

Bleeding risk Six studies (N = 1219) compared the incidence
of major and minor bleeding episodes between the preop-
erative and postoperative regimens in patients undergoing
hip arthroplasty using enoxaparin prophylaxis.">"*' The
frequency of major bleeding was surprisingly less for the
preoperative group than for the postoperative group (0.9%
vs. 3.5%, p = 0.01, 95% CI —4.24 to —1.10).

Perioperative regimens One study (N = 1501 patients) rand-
omized patients undergoing hip arthroplasty into three
groups: dalteparin within 2 hours before surgery, dalteparin
at least 4hours postsurgery, and oral anticoagulation with
warfarin.'? Both dalteparin regimens administered in this
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“close proximity” or “just-in-time” fashion showed signifi-
cant reduction in DVT rates compared to the warfarin
group (p < 0.001, relative risk reduction = 50%). However,
increased major bleeding was observed for the preopera-
tive dalteparin group compared to the warfarin group
(p =0.01).

Recommendations

¢ Thromboprophylaxis started 12hours before surgery has
not been shown to be more effective than prophylaxis initi-
ated 12-24hours after surgery [overall quality: moderate]
¢ Close-proximity perioperative regimens may provide
the optimal effectiveness in thromboprophylaxis, but this
has to be balanced against a higher risk for bleeding com-
plications [overall quality: moderate]

Question 9: What should the duration of
anticoagulant treatment be?

Relevance

Thromboprophylaxis is commonly administered for the
duration of the hospital stay, which can range from 4 to
14days. However, recent evidence shows that patients are
still at risk of developing symptomatic thromboembolism
after discharge from hospital. New guidelines now recom-
mend the use of extended, out-of-hospital prophylaxis but
this has to be balanced against the cost-effectiveness and
risk-benefit ratio of such regimens.

Current opinion
The optimal duration of prophylaxis after major ortho-
pedic surgery is still controversial.

Finding the evidence

¢ Cochrane Database, with keywords “extended” and
“thromboprophylaxis”

e PubMed sensitivity search using keywords “extended”
or “out-of-hospital” and “thromboprophylaxis”

Quality of the evidence

Level 1

e 2 systematic reviews/meta-analyses
¢ 9 randomized trials

Findings

Efficacy of extended-duration prophylaxis In a meta-analysis
of nine randomized controlled trials (N = 3999 patients), it
was found that extended-duration prophylaxis for 30-
42days with LMWH or UFH reduced the rate of sympto-
matic VTE (1.3% vs. 3.3%, odds ratio=0.38, 95% CI
0.24-0.61)."2" Risk reduction was greater in patients
undergoing hip arthroplasty (1-4% vs. 43%, odds
ratio = 0.33, 95% CI 0.19-0.56) compared with knee arthro-
plasty (1.0% vs. 1.4%, odds ratio = 0.74, 95% CI 0.26-2.15).



Safety of extended-duration prophylaxis In the same meta-
analysis, there was no increase in major bleeding but
extended-duration prophylaxis was associated with exces-
sive minor bleeding (3.7% vs. 2.5%, odds ratio 1.56, 95% CI
1.08-2.26, number needed to harm = 83).

Cost-effectiveness of extended-duration prophylaxis In a meta-
analysis of eight studies using LMWH and warfarin proph-
ylaxis for hip arthroplasty patients, primary economic
analysis found that the cost-effectiveness of LMWH rela-
tive to no further prophylaxis ($106,454 per quality-adjusted
life year gained) was unattractive, with the primary cost
driver being the proportion of patients who required home
nursing services for drug injection.'®

Recommendations

¢ Extended-duration prophylaxis is an effective and safe
means to reduce the rate of symptomatic out-of-hospital
venous thromboembolic events in arthroplasty patients,
although knee arthroplasty patients may benefit less from
it [overall quality: moderate]

¢ Cost-effectiveness of routine out-of-hospital prophylaxis
with LMWH remains an issue. Less costly alternatives should
be considered and evaluated [overall quality: moderate]

Question 10: What is the risk of bleeding with
anticoagulants?

Relevance

Many orthopedic surgeons are averse to thromboprophy-
laxis because of the perceived risk of postoperative bleed-
ing when using anticoagulant agents. Bleeding, when it
does occur, is more acute than VTE itself, and potentially
compromises the result of the procedure. This mispercep-
tion remains one of the major barriers to routine thrombo-
prophylaxis within the orthopedic community.

Current opinion

There is no good evidence that anticoagulant agents
produce significant postoperative bleeding, or that it com-
promises operative outcomes.

Finding the evidence

¢ Cochrane Database, with keywords “bleeding risk” or
“postoperative bleeding” and “anticoagulation” or “throm-
boprophylaxis”

¢ PubMed sensitivity search using keywords “postopera-
tive bleeding” and “anticoagulation” or “thromboprophylaxis”
¢ Preference was given to orthopedically relevant studies

Quality of the evidence

Level 1

¢ 1 systematic review/meta-analysis
¢ 4 randomized trials
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Level 11
¢ 1 randomized trials with methodological limitations

Findings

Wound hematoma Two studies (N = 81 patients) reported on
the postoperative development of wound hematomas.”*7>'**
Patients who were given perioperative heparin (LDUH or
LMWH) thromboprophylaxis for hip fracture surgery did
not have a higher risk of developing wound hematomas
when compared to a placebo group (relative risk = 1.10,
p = 0.90).

Blood loss Two studies (N =90 patients) reported on esti-
mated blood loss after hip fracture surgery and did not find
any significantly increased blood loss after perioperative
heparin (LDUH or LMWH) thromboprophylaxis (weighted
mean difference = 47.21mL, p = 0.25).705341%
Transfusion requirements One study (N =31 patients)’"”
reported on postoperative transfusion amount, and three
studies (N = 249)"721%1%7 reported the number of patients
receiving transfusion after hip fracture surgery. There was
no difference in transfusion amount (weighted mean dif-
ference = 83.82mL, p = 0.54), or number of patients requir-
ing transfusions between the heparin group and the placebo
group (relative risk = 0.90, p = 0.48)

OpenmirrorRé&omMmendation

¢ The use of anticoagulants for thromboprophylaxis does
not increase the risk of blood loss, wound hematoma for-
mation, or transfusion requirements. The surgeon should
realize that postoperative bleeding is a multifactorial
problem and careful hemostatic techniques should be
observed [overall quality: moderate]

Summary of recommendations

¢ The use of a D-dimer assay combined with a clinical
prediction rule has a very high negative predictive value.
Less sensitive D-dimer assays can be used to exclude VTE
in patients with low clinical probability of VTE, while more
sensitive assays can be applied to patients with low or
moderate probability of VTE. D-dimer assays have no role
in patients with high probability of VTE

¢ Ultrasonography has high sensitivity for proximal
DVT, modest sensitivity for distal DVT and high specificity
for all locations. Optimal sensitivity, particularly for
distal DVT, is achieved by using duplex or triplex US,
while compression US alone has optimal specificity.
Ultrasonography also has other benefits of wide availabil-
ity, noninvasiveness and the ability to exclude alternative
diagnoses. Despite this, venography has higher sensitivity
for detecting distal DVT and remains the gold standard
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e With modern, multidetector row CT scanners, the sensi-
tivity and specificity of spiral CTs are approaching the gold
standard set by the pulmonary angiogram, and many con-
sider CT angiograms to be the new gold standard. Despite
the apparent lack of sensitivity, it is safe to withhold anti-
coagulation after a negative good-quality CT scan

e A group-specific approach as recommended by the
ACCP is the best approach to VTE risk stratification in
patients. There is very little evidence behind individual-
ized risk factor assessment or the relationship of such
factors to postoperative VTE

¢ As the VTE rate after elective spinal surgery is low, anti-
coagulation as the primary method of prophylaxis cannot
be recommended. A combination of graduated compres-
sion stockings and intermittent pneumatic compression
should suffice

e Spinal cord injury patients are associated with a high
rate of VTE. The best available evidence suggests LMWH
as the thromboprophylactic of choice

e There is no strong evidence to suggest the routine use of
thromboprophylaxis for patients undergoing knee arthros-
copy is beneficial or safe

¢ There is inadequate evidence to suggest that any particu-
lar thromboprophylaxis regime is superior for patients
with pelvic and acetabular fractures. Existing guidelines
recommend the use of LMWH in these high-risk patients
e Current available evidence suggests that lower extrem-
ity fractures below the knee do not require chemical
thromboprophylaxis

¢ Patients with more proximal lower extremity fractures
(above the knee) are more likely to develop DVT, although
this tends to be below the popliteal fossa, with less likeli-
hood of embolization

e All the various methods of mechanical thromboprophy-
laxis have been shown to significantly reduce the incidence
of DVT, whether provided as monotherapy or in combina-
tion with anticoagulant therapy. Judicious use is recom-
mended, especially in patients with contraindications to
anticoagulant therapy

e There is a distinct lack of clinical evidence guiding the
current use of IVC filters. In the absence of evidence, the
current accepted indications for filters remain as failure
of, or contraindication to anticoagulation. Clinical judg-
ment should be exercised for the use of temporary or
retrievable filters, or use of filters in nonrecommended
situations

* LMWH remains the best anticoagulation agent currently
available for thromboprophylaxis in orthopedic patients. It
is effective, safe, and relatively inexpensive

e Fondaparinux has the strongest thromboprophylactic
efficacy and overall costs for treatment per patient is lower.
However, the significantly higher risk of bleeding com-
pared to LMWH limits fondaparinux use in postoperative
orthopedic patients
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e Warfarin is less effective than LMWH in the prevention
of VIE. However it remains a feasible option because of its
cost-benefit ratio and relative ease of administration

¢ While there is good evidence that aspirin does effectively
reduce VTE, its use as a monotherapy agent in VTE proph-
ylaxis is not recommended. First-line agents like LMWH
and warfarin have suggested superior efficacy and safety
profiles

¢ Newer oral anticoagulants that target either thrombin
or factor Xa have the potential to surpass warfarin as the
oral anticoagulant of choice. Drugs such asdabigatran
etexilate, rivaroxaban, and apixaban are currently under-
going phase III clinical trials and/or seeking US Food and
Drug Administration approval for use in the orthopedic
population

¢ Thromboprophylaxis started 12hours before surgery has
not been shown to be more effective than prophylaxis initi-
ated 12-24hours after surgery

¢ Close-proximity perioperative regimens may provide
the optimal effectiveness in thromboprophylaxis, but this
has to be balanced against a higher risk for bleeding
complications

¢ Extended-duration prophylaxis is an effective and safe
means to reduce the rate of symptomatic out-of-hospital
VTE events in arthroplasty patients, although knee arthro-
plasty patients may benefit less from it

¢ Cost-effectiveness of routine out-of-hospital prophylaxis
with LMWH remains an issue. Less costly alternatives
should be considered and evaluated

¢ The use of anticoagulants for thromboprophylaxis does
not increase the risk of blood loss, wound hematoma for-
mation, or transfusion requirements. The surgeon should
realize that postoperative bleeding is a multifactorial
problem and careful hemostatic techniques should be
observed
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Case scenario

An 84 year old woman is admitted to hospital with an
intertrochanteric hip fracture. Her medical history is sig-
nificant for coronary artery disease, hypertension, and
chronic renal failure. Surgery is performed using an
intramedullary device for this independent, active com-
munity ambulator. On the second postoperative day, the
patient is having difficulty ambulating due to fatigue. Vital
signs are stable; Blood pressure is 115/75; ECG is
unchanged. Postoperative blood work reveals a hemo-
globin concentration of 8.2g/dL.

Relevant physiology

The hemoglobin molecule includes four globin compo-
nents, each of which includes an oxygen-binding heme
ring. As the partial pressure of oxygen increases, the
oxygen-binding affinity of hemoglobin increases. This
allows oxygen loading in the lung and unloading in the
tissues. Hypoxia occurs when oxygen delivery is insuffi-
cient to meet metabolic needs.

The physiologic reserves of the healthy human body are
substantial. Oxygen delivery is related to hemoglobin con-
centration, hemoglobin saturation, and cardiac output, all
of which adapt to an increasing need for oxygen delivery.
In health, a decrease in hemoglobin to 5g/dL decreases

oxygen delivery to the critical threshold, at which point
oxygen delivery equals consumption.

Adaptive mechanisms that occur to protect tissue oxy-
genation in anemia include a shift in the oxyhemoglobin
dissociation curve to increase oxygen delivery, due to
2,3-diphosphoglycerate or decreased pH; increases in
cardiac output; increased sympathetic tone to protect the
coronary and cerebral circulation; and reduced blood
viscosity. In the microcirculation, capillary recruitment
and flow increases and oxygen extraction is increased.

The ability of the body to adapt to anemia relies upon
healthy adaptive mechanisms. Age, coincident heart, lung,
and cerebrovascular disease, severe illness, and certain
medications (beta-blockers) decrease the adaptive response.
The heart is most prone to adverse events as the myocar-
dium requires high oxygen extraction, and coronary per-
fusion is restricted during systole due to left ventricular
pressures.

Importance of the problem

Seventy-five million units of blood are collected worldwide
annually. Transfusion is one of the only therapeutic inter-
ventions available to increase oxygen delivery to tissues.
However, transfusion is expensive and not without risk.
The cost of a unit of allogeneic blood ranges from US$185
to US$250, plus costs related to storage and administration.
Blood transfusion safety is continuously improving, but

Evidence-Based Orthopedics, First Edition. Edited by Mohit Bhandari.

© 2012 Blackwell Publishing Ltd. Published 2012 by Blackwell Publishing Ltd.

72



adverse events including transfusion-related acute lung
injury (TRALI), cardiac overload, hemolysis, and infection
do occur.

Top five questions

Diagnosis

1. How common are anemia and blood transfusion in
orthopedic surgery, and what strategies reduce transfusion
rate?

Therapy

2. What is an appropriate hemoglobin level to act as a
transfusion trigger?

Prognosis

3. What is the effect of anemia on morbidity and
mortality?
4. What is the effect of anemia and blood transfusion on
function?

Harm

5. What are the risks of blood transfusion?

Question 1: How common are anemia and
blood transfusion in orthopedic surgery, and
what strategies reduce transfusion rate?

Case clarification

The patient had a hemoglobin of 11.2g/dL on presentation
to the Emergency Department. A repeat blood count done
in the recovery room indicated a hemoglobin level of 10.4.
On the second postoperative day, the hemoglobin level has
dropped to 8.4g/dL. Her family is concerned.

Relevance

Anemia is common in perioperative and elderly patients.
In some studies, anemia is associated with increased short-
term mortality.

Current opinion

Perioperative anemia follows major orthopedic interven-
tions such as spinal surgery, hip fracture repair, and total
joint arthroplasty. Assessing for anemia is an essential part
of good clinical care.

Finding the evidence
® Cochrane Database, with search term “perioperative
anemia”

Openmirrors.com

CHAPTER 9 Blood Transfusion

e PubMed (www.ncbinlm.nih.gov/pubmed/) clinical
queries search/ systematic reviews: “blood transfusion
incidence” AND “orthopedic surgery”

Quality of the evidence

Level I

* 3 systematic reviews/meta-analyses
* 4 randomized controlled trials

Level 11
¢ 8 randomized trials with methodological limitations

Findings

Orthopedic procedures associated with a high rate of trans-
fusion include major spinal surgery, total joint arthroplasty,
and hip fracture surgery. Transfusion rates for these proce-
dures exceed 80% of patients in some studies. Variables
such as closed suction wound drainage devices, antifibri-
nolytic therapy, autologous blood donation, and use of
erythropoietin may affect transfusion rates.

A recent Cochrane Database meta-analysis compared
transfusion rates with and without closed suction wound
drainage. For total hip replacement, transfusion was
required in 168/417 (40.3%) patients with drains vs.
132/421 (31.4%) in patients without drains (RR 1.28, 95%
CI 1.07-1.52). Similar results were reported for total knee
replacement.’

Openmirrors.@@ifibrinolytic therapy is still investigational, but may

reduce transfusion rates. A systematic review of rand-
omized trials describing perioperative tranexamic acid,
epsilon-aminocaproic acid, or aprotinin administration
reported that patients receiving antifibrinolytic agents had
reduced transfusion need (RR 0.52; 95% CI 0.42-0.64;
p < 0.00001).> However, aprotinin is associated with
increased mortality in cardiac surgery, and some antifibri-
nolytics raise concerns related to risk of thromboembolic
events.

Red blood cell salvage and autologous blood donation
reduce rates of allogeneic blood transfusion. Meta-analysis
of clinical trials confirm a 40% reduction of allogeneic
blood transfusion using autologous blood.* However,
autologous predonation is associated with a 30% increased
blood transfusion rate (allogeneic or autologous). In one
randomized controlled trial of nonanemic patients (hemo-
globin >12.0g/dL), autologous blood donation was associ-
ated with an additional cost of $758 per patient with no
alteration in allogeneic transfusion rate.

Preoperative erythropoietin administration may decrease
the need for allogeneic transfusion in elective procedures.
In a randomized controlled trial of 200 patients undergo-
ing major orthopedic procedures, allogeneic transfusion
rates were 54% in patients treated with placebo compared
to 17% in patients treated with high dose erythropoietin
(p < 0.001).° Perioperative erythropoietin can minimize
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the need for allogeneic red blood cell transfusion but is
very expensive.

Recommendations

* Closed suction drainage devices increase transfusion
requirements after orthopedicsurgery [overall quality: high]
¢ Antifibrinolytic drugs hold promise, but concerns sur-
rounding adverse side effects limit routine use [overall
quality: moderate]

¢ Autologous blood predonation and perioperative eryth-
ropoietin may both reduce the need for allogeneic transfu-
sion, but cost concerns remain [overall quality: moderate]

Question 2. What is an appropriate hemoglobin
level to act as a transfusion trigger?

Case clarification

The patient now has a hemoglobin level of 8.2g/dL and
has mild symptoms of anemia (fatigue). She has a history
of coronary artery disease, hypertension, and renal failure,
and may be at risk of complications such as myocardial
infarction as a result of her anemia.

Relevance

The decision to transfuse is based upon clinical findings
and hemoglobin level. The specific hemoglobin level that
should be used to trigger transfusion is controversial.

Current opinion

Healthy patients can tolerate anemia. Older patients, and
those with cardiac disease or risk factors, may be less toler-
ant. However, the hemoglobin level which determines a
positive risk/benefit balance for transfusion is unknown.

Finding the evidence

¢ Cochrane Database, with search term “transfusion trigger”
¢ PubMed search for randomized trials/systematic
reviews using terms “transfusion trigger”

Quality of the evidence

Level I

* 1 meta-analysis of randomized trials
¢ 10 randomized controlled trials

Findings

Ten randomized trials compares transfusion thresholds.
Three trialsincluded over 100 patients each. The Transfusion
Requirements In Critical Care (TRICC) trial® randomly
assigned over 800 ICU patients to a restrictive transfusion
threshold of 7g/dL or a liberal transfusion threshold of
10g/dL. The number of units transfused was lower in the
restrictive group (2.6 vs 5.6 units). Overall 30day mortality
did not differ between the groups. However, mortality was
lower in the restrictive group for patients under 55 years
of age (p < 0.02) and less ill patients (p < 0.02). In another
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trial, 127 knee arthroplasty patients were assigned to
receive autologous blood immediately after surgery (liberal
group) compared to receiving autologous blood only for a
hemoglobin value less than 9 g/dL.” Transfusion rates were
100% vs. 27%, with no differences in outcome. Eighty-four
patients with hip fractures were randomized to a transfu-
sion threshold of 10g/dL, vs. transfusion for symptoms or
hemoglobin of less than 8 g/dL.? There were no differences
in outcomes including functional recovery, morbidity, and
mortality. In a meta-analysis of trials, use of a restrictive
transfusion threshold decreased transfusion rate by 42%
with no negative effects on mortality, cardiac events, or
length of hospital stay.’

Nonrandomized trials offer additional evidence. A study
of 1958 patients who refused blood transfusion suggested
that anemia is substantially less well tolerated in the pres-
ence of cardiovascular disease.'” The FOCUS trial studied
over 2000 patients with hip fracture, all of whom have
coexistent cardiovascular disease or risk factors. Morbidity,
mortality, and functional outcome were compared between
patients treated with a liberal transfusion threshold (10g/
dL) or a restrictive threshold (symptoms of anemia or 8g/
dL). This study will provide the best current evidence
related to transfusion threshold."

Recommendation

¢ Transfusion thresholds are controversial, and may vary
dependent upon comorbidities such as cardiac disease.
Current evidence supports a restrictive transfusion thresh-
old of 7.0-8.0g/dL for healthy patients [overall quality: high].

Question 3. What is the effect of anemia on
morbidity and mortality?

Case clarification
The patient has cardiovascular disease. Moderate anemia
could be a risk for cardiac events and even mortality.

Relevance
Patients with known cardiac disease may be the most likely
to benefit from blood transfusion. Although controversial,
a more liberal transfusion threshold may benefit these
individuals.

Current opinion
This issue is highly controversial, with advocates for and
against transfusion in this population.

Finding the evidence

e Cochrane Database, with search terms “transfusion and
mortality”

e PubMed search of clinical trials, randomized trials, and
systematic reviews using keywords “erythrocyte transfu-
sion” and “mortality”



Quality of the evidence

Level I

¢ 2 meta-analyses of controlled trials

¢ 1 systematic review

¢ 8 randomized trials (including subanalyses)

Findings

Data supporting the use of red blood cell transfusion in
moderate anemia remains limited, even in the presence of
cardiovascular disease. Meta-analyses of transfusion
thresholds™ note no improvement in mortality with trans-
fusion. One randomized trial tested the rates of silent myo-
cardial ischemia related to hemoglobin concentration in a
population of patients undergoing arthroplasty. Holter
monitoring was used to assess the rates of silent myocar-
dial ischemia. A postoperative episode of ischemia was
experienced by 19% of patients in the restrictive transfu-
sion group, compared with 24% of patients in the liberal
transfusion group (95% CI -15.5% to 6%)."* The TRICC trial
included 257 patients with severe ischemic heart disease.
The restrictive transfusion group had lower (but nonsig-
nificant) survival rates compared to the patients in the
liberal group.'* There is limited evidence related to morbid-
ity and mortality surrounding transfusion in the setting of
moderate anemia.

Recommendation
* Although anemia is a known risk factor for cardief events.

in the presence of pre-existing cardiovascular disease; Qrremiirro

clinical evidence does not support a more aggressive trans-
fusion protocol in this population [overall quality: moderate]

Question 4. What is the effect of anemia and
blood transfusion on function?

Case clarification

This patient is a previously vital community ambulator.
Currently, she is having difficulty ambulating due to
fatigue. Early ambulation, a primary goal of hip fracture
surgery, is not being accomplished.

Relevance

Elderly patients following hip surgery are at risk of com-
plications of sustained recumbency such as thromboem-
bolic events and infection.

Current opinion

Transfusion is performed to increase oxygen carrying
capacity of blood to tissues. Many patients appear to “perk
up” with increased energy, vitality, and ambulatory capac-
ity following transfusion. It is unclear whether this appar-
ent benefit is in fact substantial and sustained.

Finding the evidence
¢ Cochrane Database, with search term “perioperative
anemia”

Openmirrors.com
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* PubMed clinical queries search/ systematic reviews:
“blood transfusion and function and orthopedic surgery”

Quality of the evidence
Level 1
¢ 2 randomized controlled trials

Level 11
¢ 8 nonrandomized trials or trials with methodological
limitations

Findings

Blood transfusion increases tissue oxygenation in the pres-
ence of anemia. Less evidence is available to confirm that
the benefits of transfusion extend to function. Foss et al., in
a randomized study of 120 patients with hip fracture, com-
pared functional recovery in patients transfused at a restric-
tive (8.0g/dL) or liberal (10.0g/dL) transfusion threshold.
There were no differences in a postoperative ambulation
score.” In an observational study of 551 hip fracture
patients, Halm et al. suggested that overall mobility scores
were improved with transfusion only when the transfusion
threshold exceeded 10.0g/dL."® These authors suggested
that only patients in whom transfusion restored a normal
hemoglobin level achieved the functional benefit. Carson
et al. compared 84 patients with hip fracture randomly
assigned to transfusion thresholds of 10.0g/dL or transfu-
rgcgbﬁ;lr symptoms. No differences in functional recovery
were detected comparing the two groups.” In cancer
patients, quality of life might be closely tied to energy and
mobility, and therefore potentially related to hemoglobin
level. In a recent study comparing erythropoietin therapy
with placebo, improved hemoglobin levels in the treatment
group did not seem to achieve the desired improvements
in quality of life."®

Recommendation

¢ Limited evidence suggests a higher transfusion thresh-
old does not improve function after orthopedic surgery
[overall quality: low-moderate]

Question 5. What are the risks of blood
transfusion?

Case clarification

Before considering a blood transfusion, the patient and
family request information on the risks of blood
transfusion.

Relevance

Transfusion risks are constantly evolving. Infection risk, for
example, was substantial prior to routine high-quality
screening and testing programs. Other risks, such as acute
hemolytic reactions, require urgent intervention to reduce
ill effects.
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Finding the evidence
¢ PubMed clinical queries search/ systematic reviews:
“red blood cell transfusion and risks and orthopedic surgery”

Quality of the evidence
Level 11
e 2 randomized trials

Findings

Acute hemolytic reactions are the most immediate of the
adverse events associated with red blood cell transfusion.
Reaction rates are 1 per 18,000, and mortality approxi-
mately 1 per 1,000,000. Accidental transfusion of ABO-
incompatible blood is the leading cause of fatal reactions.
Delayed hemolytic reactions can occur secondary to red
blood cell alloantibodies in 1 per 5,000 units. Febrile non-
hemolytic reactions occur in about 3% of patients, but are
usually self-limited. Leukoreduction reduces the incidence
of febrile reaction. TRALI (transfusion-related acute lung
injury) is a severe reaction to donor leukocyte antibodies.
Estimated risk of this potentially serious reaction is 1 in
5,000 transfusions.'

Infection risk from transfused blood appears to be
decreasing. Current estimates suggest the risk of HIV
transmission of under 1 in 2,000,000; hepatitis B 1 in 100,000;
and hepatitis C, 1 in 1,000,000. The risk of other pathogens
such as Creutzfeldt-Jakob disease is unknown.”

Perioperative blood transfusion may increase the risk of
surgical-site infection or infection at remote sites such as
pneumonia or urinary tract infection. Transfusion-mediated
immune modulation may result in a reduced host response
to pathologic organisms. In a meta-analysis of 20 studies
relating transfusion and bacterial infection, the authors
quote an increased risk of infection after transfusion of 3.45
(CI 1.43-15.15) and even higher in the trauma patient (RR
5.26, CI 5.03-5.43).%!

Recommendation

¢ The risks of transfusion include hemolytic and non-
hemolytic reactions, infection, and immune modulation
[overall quality: high]

Summary of recommendations

* Closed suction drainage devices increase transfusion
requirements after orthopedic surgery

¢ Antifibrinolytic drugs hold promise, but concerns sur-
rounding adverse side effects limit routine use

¢ Autologous blood predonation and perioperative eryth-
ropoietin may both reduce the need for allogeneic transfu-
sion, but cost concerns remain

¢ Transfusion thresholds are controversial, and may vary
dependent upon comorbidities such as cardiac disease.
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Current evidence supports a restrictive transfusion thresh-
old of 7.0-8.0g/dL for healthy patients

e Although anemia is a known risk factor for cardiac
events in the presence of pre-existing cardiovascular
disease, current clinical evidence does not support a more
aggressive transfusion protocol in this population

¢ Limited evidence suggests a higher transfusion thresh-
old does not improve function after orthopedic surgery

e The risks of transfusion include hemolytic and non-
hemolytic reactions, infection, and immune modulation
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Case scenario

A28-year-old man is brought to the Emergency Department
after falling 8feet (2.5m) from a ladder. Examination and
radiographs reveal a closed split-depression tibial plateau
fracture. The soft tissue envelope allows primary open
reduction and internal fixation of the fracture with a lateral
buttress plate. At the 2 week follow-up, there is drainage
from the wound with surrounding erythema.

Importance of the problem

Surgeons perform over 27 million operations yearly in the
United States,! with almost 500,000 of these procedures
resulting in a surgical site infection (SSI),*> implying that
infection complicates nearly 2% of all surgical wounds.
Open fractures, which occur at a rate of 250,000 per year in
the US,? have an increased rate of infection; although the
risk varies depending on the severity of injury, the rate of
infection can be as great as 50% in contaminated fracture
wounds.*” These wound infections may require multiple
subsequent operative procedures and prolonged antibiotic
treatment courses, and result in complications such as
delayed fracture union and possible amputation.

Wound infections cost an estimated $1.5billion per year
in the US, with an estimated $3,000-$30,000 spent per infec-
tious event.® According to epidemiologic hospital data, a
patient who develops an SSI is five times more likely to be

readmitted to the hospital and has mortality rates twice
that of a patient without an SSI.7 The National Surgical
Infection Prevention Project was initiated in the US in
August 2002 by Medicare and Medicaid to better character-
ize the nature of SSI and to formulate better strategies to
prevent and combat these infections.? Although access to
care and advances in technology and sanitation have
improved health-related outcomes, infections and wound
complications are still major factors relating to morbidity
and mortality.

The risk of infection has also been strongly correlated
with medical comorbidities®'® and other host factors."! The
additional treatment required to treat infections, as well as
wound and bone healing complications, leads to a signifi-
cant increase in healthcare costs and significantly impacts
the patient’s quality of life.

Despite aggressive medical and surgical management
and evolving diagnostic and treatment modalities, ortho-
pedic infections remain a challenging problem for both
patients and clinicians. Where possible, a summary of the
best available literature has been provided; due to the lack
of homogeneity, well-controlled human clinical trials (level
I and level II evidence) and suitable meta-analyses do not
exist for most topics.

Relevant anatomy

Wound infections may occur in any anatomic location, and
multiple factors contribute to their occurrence. For example,
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a contaminated open tibia fracture has a higher risk of
infection than a clean, elective hand surgery case. Associated
orthopedic hardware influences the risk of infection and
hampers its treatment because of the persistent nature of
bacterial biofilms. Efforts have been made to categorize
infections in order to better guide treatment as well as
improve surveillance and standardize reporting of SSIs.

The US Centers for Disease Control (CDC) has devel-
oped criteria for defining SSIs in an attempt to create a
national standard for diagnosis,12 as summarized in the box
below.

Surgical site infection: definitions

e Superficial incisional SSI: Infection, within 30 days of opera-
tion, that involves only skin and subcutaneous tissue.

* Deep incisional SSI: Infection occurs within 30 days after the
operation if no implant is left in place, or within 1 year if
implant is in place and infection appears to be related to
the operation. Infection involves deep soft tissues (within
the fascia or muscle).

* Organ/space SSI: Infection occurs within 30days after the
operation if no implant is left in place, or within 1 year if
implant is in place and infection appears to be related to
the operation. Infection involves any part of the anatomy
(e.g., organs or spaces), other than the incision, which was
opened or manipulated during an operation.

CHAPTER 10 Wound Infections

Table 10.1 The UTMB staging system for adult osteomyelitis

Anatomic type

Type | Medullary osteomyelitis
Type Il Superficial osteomyelitis
Type Il Localized osteomyelitis

Type IV Diffuse osteomyelitis

Physiologic class

A-Host Good immune system and delivery
B-Host Compromised locally (BL) or systemically (BS)
C-Host Requires suppressive or no treatment;

minimal disability; treatment worse than
disease; not a surgical candidate

Clinical stage

Type + class = clinical Example:

stage Stage IVBS osteomyelitis = a diffuse lesion in
a systemically compromised host

4. What is the role of wound culture in diagnosing and
treating orthopedic infections?

Therapy

5. What is the management of infected hardware?

Openmirrora.com.

In the case of orthopedic wound infections, the infected
organ/space is most often bone. Osteomyelitis has been
further categorized by Cierny et al. in a clinical staging
system (Table 10.1), which combines 4 anatomic types of
osteomyelitis with 3 physiologic classifications to define 12
clinical stages of osteomyelitis."”® The purpose is to define
the influential variables associated with osteomyelitis in
order to better study the efficacy of treatment methods and
to guide treatment.

Top five questions

Prophylaxis

1. What are the current recommendations regarding pro-
phylactic antibiotic administration in the prevention of
wound infections in orthopedic surgery?

2. Whatare the current recommendations regarding screen-
ing for meticillin-resistant Staphylococcus aureus (MRSA),
treatment of carriers, and antibiotic prophylaxis?

Diagnosis

3. What is the optimal diagnostic approach in a patient
with a suspected wound infection?

Openmirrors.com

uestion 1: What are the current
recommendations regarding prophylactic
antibiotic administration in the prevention of
wound infections in orthopedic surgery?

Case clarification

At the time of the initial surgery, the wound was “prepped
and draped in the usual sterile fashion.” Cefazolin was
given intravenously within 30minutes of surgery and
stopped at 24 hours postoperatively.

Relevance

Despite guidelines established for SSI prevention based on
studies demonstrating decreased rates of perioperative
infections with prophylactic antibiotics, studies show that
antibiotic prophylaxis is not always correctly adminis-
tered."*". A pay-for-performance study found that 13% of
patients did not receive timely antibiotic prophylaxis.’®
Furthermore, the inappropriate use of antibiotics contrib-
utes to antibiotic resistance, increased risk of adverse reac-
tions, and increased healthcare costs.'”

Current opinion

Factors determining appropriate antibiotic prophylaxis
include wound location, type of procedure, initial level of
contamination, and host immune status. A systematic and
evidence-based approach must be taken, and adequate
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preoperative checks must be used to ensure the effective
and timely administration of prophylactic antibiotics.

Finding the evidence
e Cochrane Database (http://www.cochrane.org/reviews):
“prophylactic antibiotic orthopedic infection”

° 9 results
e PubMed (www.ncbi.nlm.nih.gov/pubmed/): “prophy-
lactic antibiotic orthopedic infection”

° Limits: English

° 62 results, 22 reviews
e Embase (www.embase.com; excluding Medline dupli-
cates): “prophylactic antibiotic orthopedic infection”

° Limits: English, Embase only

° 55 results

Quality of the evidence (best available)
¢ Level I 19

Level II: 3

Level III: 5

Level IV: 7

Level V: 13

Findings

In larger studies of infection epidemiology, Staphylococcus
aureus, coagulase-negative Staphylococci, ~Enterococcus
species, and Escherichia coli are the most frequently isolated
pathogens.”® An increasing proportion of SSIs are caused
by antimicrobial-resistant pathogens, such as MRSA or
vancomycin-resistant enterococci (VRE).

The 1hour window to administer preoperative antibiot-
ics has its roots in studies by Burke in 1961 in a Staphy-
lococcus aureus infection model in guinea-pigs.”” When
antibiotics were given within 1hour before bacterial inocu-
lation, there was no inflammatory response. Guinea-pigs
that received antibiotics 3hours or more after inoculation
received no more benefit than those animals not receiving
antibiotics.

The shortest effective duration of antimicrobial adminis-
tration for preventing postoperative infection is not
known."*? Studies comparing single-dose prophylaxis
with multiple-dose prophylaxis have shown conflicting
benefits in terms of SSI rate with the additional doses.”"”
Continuing antibiotic prophylaxis longer than 24hours
after wound closure has not proven to be beneficial; indeed,
it may contribute to the development of antimicrobial
resistance.”®' A Cochrane review from 2001 examined the
rates of SSI associated with either the use of single- or
multiple-dose antibiotic prophylaxis in proximal femur
and closed long bone fractures. They demonstrated the
need to redose antibiotics in order to maintain tissue levels
above the minimum inhibitory concentration throughout
the duration of the surgical procedure.” Antibiotics should
be redosed at one to two times the half-life of the antibi-
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Slobogean et al. conducted a meta-analysis of antibiotic
prophylaxis in 7 trials encompassing 3,808 patients with
closed long bone fractures.”” When compared to a regimen
of multiple doses of prophylactic antibiotics, administra-
tion of a single preoperative dose has a risk ratio of 1.24
(95% CI 0.60-2.60) with no statistical significance. Pooled
results failed to demonstrate superiority of multiple-dose
prophylaxis over a single-dose strategy in the management
of closed long bone fractures.”

or when there is significant intraoperative blood
26-28

Recommendations

The proportion of antibiotic-resistant surgical wound path-
ogens in the subsequent decade will be an important factor
in directing future recommendations for surgical antibiotic
prophylaxis. Local bacterial flora and resistance profiles are
important to tailoring hospital-specific protocols.*

To maximize the beneficial effect of prophylactic antibi-
otics while minimizing adverse effects, recommendations
include the following [overall quality: high]:
¢ Antibiotic administered prior to incision
e Perioperative antibiotic course should not exceed
24hours
¢ Antibiotics should be redosed when the duration of
the procedure exceeds one to two times the antibiotic
half-life?** or with significant intraoperative blood
108526—28
¢ Verification of prophylactic antibiotic administration at
the time of the “Time-Out” protocol may increase compli-
ance rate®

Question 2: What are the current
recommendations regarding MRSA screening,
treatment of carriers, and antibiotic
prophylaxis?

Case clarification

This patient has no known history of MRSA infection, but
his sister did have a peculiar “spider bite” on her hip 1 year
ago that was culture-positive for MRSA.

Relevance

MRSA infections represent a particularly prevalent and
challenging issue in wound infection, especially now that
community-acquired MRSA often represents the predomi-
nant organism of skin and soft tissue infections in many
communities.”> Although MRSA is prevalent, the institu-
tion of prophylactic vancomycin for all surgical cases could
theoretically yield to increasing resistance. Therefore, there
has been a movement to study MRSA screening and treat-
ment prior to elective surgery or even hospital-wide, but
general recommendations for MRSA screening and proph-
ylaxis have been varied.


http://www.cochrane.org/reviews
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http://www.embase.com;

Current opinion

Cephalosporins remain the standard prophylactic antibi-
otic. MRSA screening and treatment of carriers is not uni-
versal. Vancomycin is not routinely used for surgical
prophylaxis, but may be used in patients with known or
suspected MRSA infection or carriage.

Finding the evidence
¢ Cochrane Database (http://www.cochrane.org/reviews):
“MRSA screening orthopedic surgery”

° 1 relevant review
* PubMed (www.ncbinlm.nih.gov/pubmed/): “MRSA
screening orthopedic surgery”

° Limits: English

° 56 results, 17 relevant, 3 reviews

Quality of the evidence
e Levell: 1

Level II: 6

Level III: 4

Level IV: 3

Level V: 1

Findings
Currently, many institutions screen for MRSA by using a
polymerase chain reaction (PCR) test for gene sequencing

and identification of the nasal carriage of MRSXIETHRIITO

testing is available in a point-of care testing device (a small
machine which runs a PCR test result at the bedside) that
has proven its accuracy as well as its convenience.” Of
2,473 patients studied by Shukla et al., 3.2% were MRSA
carriers upon admission.”® Those carrying MRSA at the
time of admission were more likely to develop SSI with
MRSA (8.8% vs. 2.2% infection rate; p < 0.001).%

Some data exist regarding the use of mupirocin to reduce
nasal carriage of Staphylococcus aureus and rates of SSI in
elective orthopedic surgery®*® A prospective study of
MRSA surveillance using PCR-based testing, including
5,094 patients undergoing Surgical Infection Prevention
Project procedures, showed a reduction of MRSA SSI from
0.23% to 0.09% with preoperative treatment including
mupirocin.”’

In 2007 and 2008, a Texas Veterans Affairs (VA) hospital
implemented a “MRSA prevention bundle” including
MRSA nasal screening of patients upon admission, transfer,
and discharge; contact isolation of positive patients; stand-
ardized hand hygiene; a cultural transformation education
campaign; and ongoing monitoring of process and outcome
measures. They reported significant decreases in MRSA
transmissions, SSIs, and overall MRSA nosocomial infec-
tions.® In contrast, a randomized, double-blind, placebo
controlled trial in nonorthopedic surgical patients failed to
show a decrease in the overall incidence of SSIs, but the
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study did show a decrease in Staphylococcus aureus infec-
tions in treated carriers.”

Despite the rise in bacterial strains resistant to common
prophylactic antibiotics, such as cefazolin (not only MRSA
but also strains of the ubiquitous Staphylococcus epider-
midis)," recommendations for prophylactic vancomycin
are conservative. The American Academy of Orthopaedic
Surgeons (AAOS) recommends that vancomycin use be
limited to patients with known colonization with MRSA or
in facilities with recent MRSA outbreaks.”*!

Recommendations

Current recommendations for MRSA screening include the
following [overall quality: moderate]:

* Routine MRSA screening and treatment with mupirocin
may reduce the prevalence of MRSA colonization and inci-
dence of postoperative infections

¢ Point-of-care screening for MRSA using PCR is available
and is as effective as the laboratory test

¢ No threshold exists for prevalence rates justifying routine
vancomycin use in prophylaxis, though it is recommended
for colonized patients and in institutions with perceived
high rates or outbreaks of MRSA infection

Question 3: What is the optimal diagnostic
approach in a patient with a suspected wound

gsHon?

Case clarification

The patient presents for routine follow-up and suture
removal at 2 weeks. He complied with his nonweightbear-
ing status. Purulent discharge is noted on the dressing. The
wound is not healed. There is some dehiscence over the
proximal 20% of the incision with surrounding erythema.
The hardware is not exposed.

Relevance

Diagnosis of a wound infection, particularly the extent of
the infection, isimportant for guiding treatment. Laboratory
values can be used for diagnostic purposes as well as for
following improvement. Radiographic changes are rarely
present in acute infection.

Current opinion

The evaluation of a suspected wound infection is largely
clinically based. Laboratory values such as C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR)
can be useful for diagnosis and for following treatment
response.

Finding the evidence
¢ Cochrane Database (http://www.cochrane.org/reviews):
“ESR CRP orthopedic wound infection diagnosis”

° 0 relevant reviews
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e PubMed (www.ncbinlm.nih.gov/pubmed/): “ESR CRP
wound infection”
° Limits: English

Quality of the evidence (best available)
* Level I 1

Level II: 1

Level III: 7

Level IV: 1

Level V: 1

Findings
New or persistent drainage, induration, or erythema
around a wound, may signify a deep infection. However,
the diagnosis of a deep wound infection is made in the
operating room,*” as SSls are defined by their anatomic
depth as discussed in the relevant anatomy section above.

Leukocyte count and ESR were originally used together
for laboratory evaluation of infection, but CRP has gained
attention as a better barometer of a clinical process due to
its more prompt elevation (6-8 hours) and faster resolution
(50% decline per day).*” In any case, ESR and CRP are best
used together, with a sensitivity of 98% in a study of 265
children with culture-positive osteoarticular infections.®

Although neither value is routinely followed after elec-
tive surgery, CRP was shown to be more “applicable, pre-
dictable, and responsive in the early postoperative period
compared with ESR,” in terms of monitoring for postopera-
tive infection when drawn daily.* In this study, the CRP
value demonstrated a half-life of 2.6days, while the ESR
showed no reproducible pattern. A similar study attempted
to quantify the CRP levels with postoperative infections
in elective fracture surgeries. The authors noted that CRP
peaked 2days postoperatively and began to decline
thereafter. When the values remained above 96 mg/L after
the fourth postoperative day, the authors noted a sensitiv-
ity and specificity for deep infection of 92% and 93%,
respectively.®®

It is often appropriate to draw these labs around the time
of irrigation and debridement, even in the case of an
obvious infection, in order to establish peak reference
value. While lab values are inconsistent between patients
and diagnoses, falling values can help confirm effective
treatment and be used for screening in suspected recurrent
infections.

Recommendations

Current recommendations for the diagnostic approach of
wound infections include the following [overall quality:
moderate]:

¢ The diagnosis of a wound infection is made in the oper-
ating room

¢ Increased pain, drainage, erythema, or dehiscence may
suggest a wound infection
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¢ CRP and ESR should be used together to support or help
rule out a suspected wound infection

Question 4: What is the role of wound culture
in diagnosing orthopedic infections?

Case clarification

The patient is admitted to the hospital for irrigation and
debridement of the wound in the operating room. At the
time of surgery, a wound culture is obtained in the operat-
ing room and submitted for microbiologic analysis.

Relevance

Isolating a culture of the causative bacteria is important for
directed antibiotic therapy. An intraoperative wound infec-
tion specimen is the best chance to isolate an organism to
facilitate directed antibiotic therapy.

Current opinion

Superficial wound culture in the outpatient setting is of
limited value for diagnosis and treatment of a wound infec-
tion. Though routine intraoperative wound culture is not
often used in clean or elective orthopedic surgery, deep
culture at the time of surgical debridement of a wound
infection is used to guide antibiotic therapy.

Finding the evidence

e Cochrane Database (http://www.cochrane.org/reviews)
and PubMed (www.ncbinlm.nih.gov/pubmed/) were
searched using combinations of keywords “wound culture,
orthopedic infection”

Quality of the evidence (best available)
e LevelI: 1

e Level II: 3

Level III: 4

Level IV: 2

Level V: 2

Findings
Studies have shown that intraoperative cultures in a non-
infected wound, whether surgical or traumatic, clean or
contaminated, are not advisable. Lee et al. studied pre- and
postdebridement cultures of open wounds.* Only 8% of
organisms cultured eventually caused infection; conversely,
7% of patients with negative cultures eventually became
infected. Postdebridement cultures had similar results:
only 25% of organisms cultured caused ultimate infection;
12% of patients with negative cultures became infected.*
The poor predictive value of initial wound cultures has
been demonstrated in other reports.”

In a study of wound infections after open fractures by
Carsenti-Etesse et al., 92% of infections were caused by
nosocomial (hospital-acquired) bacteria, rather than by the
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initially cultured organism.* In one prospective trial with
relatively small sample size, only 18% of infections in open
fracture wounds were caused by initially cultured organism.*
Bernard et al. examined 1,256 subfascial cultures in 1,102
patients undergoing elective/ “clean” orthopedic surgery.”
Wound cultures demonstrated 38% sensitivity, 92% specifi-
city, 7% positive predictive value, and 99% negative predic-
tive value.” The study’s literature review found only four
of nine studies showing predictive benefit from intraopera-
tive wound cultures in clean orthopedic surgery. The utility
of wound cultures must be gauged against the timing, type
of procedure, and clinical history of the patient.
Obtaining a specimen for culture is appropriate at the
time of irrigation and debridement for a presumed wound
infection in order to guide antibiotic therapy. A retrospec-
tive review of 800 image-guided bone biopsies for osteo-
myelitis showed that laboratory values, fever, and previous
administration of antibiotics, could not be used to predict
the success of growing positive cultures, but obtaining an
aspirate of >22ml of purulent fluid was significantly corre-
lated (5 of 6 positive cultures, 83%).” Increased sensitivity
of wound cultures has been shown with the inoculation of
blood culture bottles, because of the rich culture medium.>

Recommendations
Recommendations for wound cultures in orthopedic
surgery [overall quality: moderate]:

CHAPTER 10 Wound Infections

Finding the evidence
¢ Cochrane Database (http://www.cochrane.org/reviews):
“infected hardware orthopedic fracture stability”

° 0 relevant reviews
¢ PubMed (www.ncbi.nlm.nih.gov/pubmed/): “ortho-
pedic infected hardware”

° Limits: English

Quality of the evidence
e Levell: 1

e Level II: 2

e Level IV: 6

Findings
In 1998, Zimmerli et al. had success with eradication of
infection with retained hardware, reporting 12 /12 cure rate
with a prolonged course of ciprofloxacin-rifampin in
patients with acute infections after open reduction and
internal fixation (ORIF).*® On the contrary, Rightmire et al.
found lower success rates in 2008 when they reviewed 69
cases of infected internal fixation hardware treated with
irrigation and debridement, antibiotics, and hardware
retention, and found a 32% failure rate, defined as hard-
ware removal prior to healing.”

Many authors contest that infected fractures will heal if
the fracture is stable.® Simultaneously, it has long been
accepted that an infection cannot be eradicated in the pres-

¢ Routine cultures of traumatic or clean surgical@p@nphirror&{@@m infected hardware.’® The principles of treatment

are not recommended

* Superficial wound swab cultures of a suspected wound
infection are of little value

¢ Intraoperative deep cultures if positive can help guide
antibiotic therapy if an organism is isolated

¢ Sensitivity of cultures is increased if some of the speci-
men is placed in a blood culture bottle

Question 5: What is the management of
infected internal fixation hardware?

Case clarification
The patient is 2 weeks from surgery and has a deep infec-
tion. His hardware is in good position but the fracture is
clearly not healed.

Relevance

Infection rates are low in arthroscopy and hand surgery,
while many SSIs occur in the presence of hardware, par-
ticularly when that hardware was introduced in the cases
of open fractures. How to deal with this infected hardware
may vary from case to case.

Current opinion

The surgeon must balance the goal of eradication of infec-
tion with the goal of fracture healing, which usually
requires the hardware to remain in place.
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should include adequate debridement, obliteration of dead
space, and specific antimicrobial therapy.” It is reasonable
to conclude that hardware should be retained until healing
or at least relative fracture stability is achieved.

Recommendations

Current recommendations on managing infected hardware
include the following [overall quality: low]:

¢ Prompt irrigation and debridement is recommended for
deep infections, but hardware removal should be delayed
until fracture stability is achieved

¢ Removal of infected hardware is probably necessary for
complete eradication of infection

Summary of recommendations

¢ Prophylactic antibiotics should be administered prior to
incision and should be continued for a maximum of
24hours postoperatively. Antibiotics should be redosed at
recommended intervals during surgery

¢ Screening and treatment for MRSA nasal carriage may
reduce MRSA SSIs in MRSA carriers. Vancomycin should
not be routinely used for prophylaxis, but is appropriate
for patients who are MRSA carriers or in settings of MRSA
outbreaks
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¢ The diagnosis of a wound infection is made in the oper-
ating room

¢ Increased pain, drainage, erythema, or dehiscence may
suggest a wound infection

e ESR and CRP should be used together as part of the
workup for a wound infection and as a monitor of treat-
ment effectiveness

e Superficial wound swab cultures of a suspected wound
infection are of little value

e Wound culture should only be used at the initial irriga-
tion and debridement of a wound infection. Increased sen-
sitivity of deep wound cultures is associated with larger
volumes of specimen in a blood culture bottle medium

¢ Infected hardware may prevent complete eradication of
a wound infection, but the timing of hardware removal
must be balanced with the need for fracture stability in
treating a wound infection. Thus, in the majority of cases
the hardware is retained in the acute infection period and
removed after fracture stability /healing is achieved

Conclusion

Orthopedic wound infections represent a complex inter-
play among host factors and surgical interventions.
Prevention will continue to be the best way to treat wound /
surgical site infections in order to improve outcomes and
reduce the economic burden of infection. Further well-
designed clinical investigations are needed to guide the
future of prevention and management of wound infections
in the face of ever-changing bacterial resistance profiles in
order to allow the surgeon to continue the practice of
evidence-based orthopedics.
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Gouty Arthritis
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Case scenario

A75 year old man who is currently ambulatory and living
independently came to the Emergency Department com-
plaining of pain for 1 day in his left great toe. He has a
history of coronary artery disease status post angioplasty,
hypertension, diabetes, and peptic ulcer disease with major
gastrointestinal bleeding 10 years ago. He has had increas-
ing frequency of lower extremity joint pain and swelling
involving the great toe, ankles, and knees in the last 2-3
years, now with acute attacks of arthritis occurring every
3—4 months, lasting 7-14 days. He is currently unable to
step with his left foot. On examination, his left first meta-
tarsophalangeal (MTP) joint is moderately swollen, ery-
thematous, and very tender to palpation. Examination of
the ankle, knees, opposite foot, and other joints is unre-
markable. The patient is requesting some medication to
relieve the excruciating pain.

Relevant anatomy and pathophysiology

Arthritis of the foot can be due to inflammatory causes
(rheumatoid arthritis, spondyloarthritis or crystalline
arthritis such as gout, pseudogout or calcium oxalate
disease) or noninflammatory causes (osteoarthritis,
metabolic/endocrine arthropathies). This chapter focuses

on management options for gout, a common type of inflam-
matory arthritis with a predilection for involvement of
lower extremity joints. Gout is the commonest inflamma-
tory arthritis in older men and can present either as acute
intermittent monarticular or polyarticular arthritis. It is
characterized by hyperuricemia (serum urate above the
solubility level of 6.8mg/dl), which leads to formation of
urate crystals in the joints and bursae leading to acute
inflammation in one or multiple joints (acute gout).
Untreated hyperuricemia in gout patients leads to chronic
gouty arthritis characterized by chronic inflammation in
the joints associated with chronic pain, swelling, joint
destruction as well as formation of subcutaneous deposits
of urate—the tophi.

Importance of the problem

It is estimated that approximately 5 million Americans
have gout.l A recent study estimated that $27 million are
spent annually for care of new acute gout cases in the
United States.? Gout accounted for 1.4 million outpatient
visits in 2002.% In two studies of large U.S. employer data-
bases, compared to patients without gout, those with gout
had $3,000 higher annual medical costs.*® Over 31,400,000
hits appear on Google when the search term “gout” is
entered. A PubMed search revealed 10,948 results for
“gout.”
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Top four questions

Diagnosis

1. How accurate is clinical examination for the diagnosis
of acute gout and what role does joint aspiration for docu-
mentation of urate crystals have in the diagnosis of gout?

Therapy

2. What is the role of oral colchicine in treatment of acute
gout?

3. How effective are other treatments including nonsteroi-
dal anti-inflammatory drugs (NSAIDs), corticosteroids,
and adrenocorticotropic hormone (ACTH) in the manage-
ment of acute gout as compared to placebo and each other?
4. What is the role for use of chronic anti-inflammatory
therapy (colchicine, NSAIDs, etc.) in patients with gout?

Question 1: How accurate is clinical
examination for the diagnosis of acute gout
and what role does joint aspiration for
documentation of urate crystals have in the
diagnosis of gout?

Case clarification

The patient has had multiple attacks of lower
arthritis without any diagnosis. Radiography of the feet
shows mild joint space narrowing of bilateral MTP joints.
The patient is presented with two options—to undergo
joint aspiration for a definitive diagnosis or have a pre-
sumptive diagnosis based on clinical features.

A typical X-ray finding in patients with gout is a “punched
out erosion with overhanging margin”, but it may not be
present in every patient with gout, many of whom may have
no radiographic abnormality or joint space narrowing only.

Relevance

Making a definitive diagnosis of gout as the underlying
cause of patient’s inflammatory arthritis is critical to insti-
tution of appropriate, effective treatment. Current opinion
is divergent among practitioners on whether to aspirate the
joint. However, joint aspiration is rarely done in emergent
or outpatient settings for most patients, primarily due to
lack of training (joint aspiration) among internists and
family practitioners and/or lack of perceived value for a
definitive diagnosis.

Current opinion
Current practice pattern suggests that the majority of prac-
titioners use the clinical features based on preliminary
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American Rheumatism Association (ARA) criteria to diag-
nose gout, rather than joint fluid aspiration.

Finding the evidence

* Cochrane Database, with search term “gout diagnostic
criteria”

¢ PubMed (www.ncbinlm.nih.gov/PubMed/) clinical
queries search/ systematic reviews: “gout AND diagnostic
criteria”

¢ PubMed (www.ncbinlm.nih.gov/PubMed/) -sensitiv-
ity search using keywords “gout” AND “diagnostic crite-
ria” as well as “gout” AND “classification criteria”

Quality of the evidence
Level 111
e 2 observational studies

Findings

Two studies (n = 142 patients) provide data regarding the
accuracy of clinical classification/diagnostic criteria and of
radiographic features for gout. Malik et al. compared the
clinical criteria with the gold standard of synovial fluid
analysis for gout.® In 82 patients with suspected gout who
underwent joint fluid aspiration and examination for urate
crystals (gold standard), the sensitivity of the ARA (now
American College of Rheumatism (ACR)) preliminary clas-

%ﬁ%ﬁrro@f@@ﬁ@n criteria was 70%, specificity 79%, and positive

predictive value, 66%. For two other clinical criteria for
gout, the New York criteria and the Rome criteria, the sen-
sitivity was 70% and 67% and specificity was 83% and 89%,
respectively. Barthelemy et al. performed a prospective
study of the radiographic features of 60 patients with gouty
arthritis; the diagnosis was made based on crystal-
documentation or satisfying 6 of the 12 ARA classification
criteria. In this study 60% (36/60) patients had radiographic
findings diagnostic of gouty arthritis in one or more joints;
32% (19/60) had features indistinguishable from osteoar-
thritis and 8% (5/60) had normal radiographs.” In a litera-
ture synthesis of studies of quality control for examination
of urate and other crystals in synovial fluid, moderate evi-
dence for quality control was found.?

Recommendations

In patients with suspected gout, evidence suggests:

e Clinical criteria have moderate accuracy in the diagnosis
of gouty arthritis [overall quality: low]

¢ Radiographic features typical of gout may be present in
up to 60% of the patients with gout and assist in making
the diagnosis of gout [overall quality: low]

¢ The gold standard for diagnosis of gout is documenta-
tion of urate crystals in joint fluid /material aspirated from
joint, bursa, or tophaceous deposit using polarized micro-
scopy [overall quality: low]
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Question 2: What is the role of oral colchicine
in treatment of acute gout?

Case clarification
The patient has a history of gastrointestinal bleeding, con-
traindicating the use of NSAIDs.

Relevance

Selecting the appropriate treatment for acute gout is impor-
tant, since adverse events sometimes occur even with
short-term medication use. The onset of pain relief may be
rapid with NSAIDs or corticosteroids; however, one
must be aware of potential adverse events and drug inter-
actions of these medications. The pain relief achieved with
colchicine may take longer to occur and one must be aware
of associated gastrointestinal adverse events, including
diarrhea, with this drug.

Current opinion

Current practice patterns suggest that the majority of
practitioners avoid NSAIDs for treatment in such a patient
and may use oral colchicine or oral or intra-articular
corticosteroids.

Finding the evidence

* Cochrane Database, with search terms “gout,” “colchi-
cine,” “randomized”

¢ PubMed (www.ncbinlm.nih.gov/PubMed/) clinical
queries search/ systematic reviews: “gout colchicine
randomized”

e PubMed (www.ncbinlm.nih.gov/PubMed/)—sensitivity
search using keywords “gout,” “colchicine,” “randomized”

"o

Quality of the evidence

Level 1

¢ 1 systematic review /meta-analysis
¢ 2 randomized trials

Findings

A Cochrane systematic review found only one randomized
study comparing colchicine to placebo for the treatment of
acute gout.” The single study included in this review by
Ahern et al."? is discussed in detail in the following para-
graph. Since the publication of the review, another much
larger randomized placebo-controlled trial has been pub-
lished. Therefore, instead of presenting results from the
Cochrane review, we provide updated forest plots (Figure
11.1 and Figure 11.2).

Two studies (n =229 patients) provide data regarding
the use of colchicine for treatment of acute gout. In a ran-
domized study of 45 patients, 22 patients with gout were
randomized to colchicine 1g followed by 0.5mg every
2hours until complete response or toxicity occurred, and
21 patients received placebo;! 2 patients were excluded
because they were unable to understand the visual analog
scale used for reporting pain. A significantly higher propor-
tion of patients had at least a 50% reduction in pain score
(73%) in the colchicine group compared to the placebo
group (36%) (p <0.01). Terkeltaub et al. compared low-
dose (1.8mg total over 1hour) and high-dose colchicine

Colchicine Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% ClI
1.2.2 High dose Colchicine versus placebo
Ahern 1987 16 22 7 21 49.5% 2.18[1.13,4.21] ——
Terkeltaub 2010 17 52 5 29 271% 1.90[0.78, 4.61] T &
Subtotal (95% Cl) 74 50 76.6% 2.08 [1.22, 3.52] ‘
Total events 33 12
Heterogeneity: Tau? = 0.00; Chi? = 0.06, df = 1 (P = 0.80); I* = 0%
Test for overall effect: Z=3.71 (P = 0.007)
1.2.3 Low Dose Colchicine versus placebo
Terkeltaub 2010 28 74 4 29 234% 2.74[1.05,7.13] D
Subtotal (95% CI) 74 29 234% 2.74[1.05,7.13] il
Total events 28 4
Heterogeneity: Not applicable
Test for overall effect: Z = 2.07 (P = 0.04)
Total (95% Cl) 148 79  100.0% 2.22[1.40, 3.52] ‘
Total events 61 16

Heterogeneity: Tau? = 0.00; Chi? = 0.32, df =2 (P = 0.85); > = 0%
Test for overall effect: Z = 3.37 (P = 0.0007)

Figure 11.1 Efficacy of colchicine vs. placebo in 50% pain reduction.
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Colchicine Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 High dose Colchicine versus placebo
Ahern 1987 22 22 6 21 34.4% 3.91[1.89, 8.09] —a—
Terkeltaub 2010 40 52 6 29 34.3% 3.72[1.80, 7.70] —
Subtotal (95% CI) 74 50 68.7% 3.81[2.28, 6.38] ‘
Total events 62 1
Heterogeneity: Tau? = 0.00; Chi? = 0.01, df = 1 (P = 0.92); 2= 0%
Test for overall effect: Z =5.10 (P = 0.00001)
1.2.2 Low Dose Colchicine versus placebo
Terkeltaub 2010 19 74 6 30 31.3% 1.28[0.57, 2.90] -t
Subtotal (95% CI) 74 0 31.3% 1.28 [0.57, 2.90] -
Total events 19 6
Heterogeneity: Not applicable
Test for overall effect: Z = 0.60 (P = 0.55)
Total (95% Cl) 148 80  100.0% 2.71[1.37,5.38] ’
Total events 81 17

Heterogeneity: Tau? = 0.22; Chi? = 4.93, df = 2 (P = 0.09); I? = 59%
Test for overall effect: Z = 2.86 (P = 0.004)

Figure 11.2 Gastrointestinal adverse events in colchicine vs. placebo.

(4.8mg total over 6hours) to placebo in 575 patients with
acute gout." Of these, 185 patients had a qualifying acute

|
T T
0.2 0.5 1 2 5
Favours Colchicine Favours Placebo

dose colchicine did not lead to more gastrointestinal
adverse effects compared to placebo with relative risk of

gout flare (52 in high-dose colchicine, 74 in low-&PEBEMITOrsBOIE% CI 0.57-2.90). The number needed to treat to

chicine, and 59 in placebo group), of whom 184 were
included in the efficacy analyses (1 patient in placebo
group did not provide data/flare confirmation) and all 185
were included in safety analyses. A 50% reduction in joint
pain at 24 hours was noted in a significantly greater propor-
tion of patients in the high-dose colchicine group (17/52,
32.7%) and the low-dose colchicine group (28/74, 37.8%)
compared to the placebo group (9/58, 15.5%; p = 0.034 and
0.005, respectively).

A combined analysis of the two randomized controlled
trials showed that high-dose colchicine was significantly
more likely than placebo to be associated with 50% pain
relief at 24-36hours with a relative risk of 2.08 favoring
colchicine (95% CI 1.22-3.52). The absolute risk reduction
was 25% (95% CI 2-28%), relative risk reduction was
108% (95% CI 22-252%) and number needed to treat to
benefit (NNT-B) was 4 (95% CI 2-50). Low-dose colchicine
was significantly more likely than placebo (RR 2.74; 95%
CI 1.05-7.13) to provide 50% pain relief at 24-36hours.
The absolute risk reduction was 24% (95% CI 7—41%),
relative risk reduction was and NNT-B was 4 (95% CI
2-14).

Two studies provided data for gastrointestinal toxicity of
colchicine. Compared to placebo, gastrointestinal adverse
events were significantly more common in high-dose col-
chicine with relative risk of 3.81 (95% CI 2.28-6.38). Low-
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harm (NNT-H) for gastrointestinal toxicity was 2 (95% CI
2-3) for high-dose colchicine and not applicable for low-
dose colchicine (no significant differences compared to
placebo). Any adverse event (RR 2.79; 95% CI, 1.52-5.12)
and diarrhea (RR 5.58; 95% CI, 2.22-14.02) were reported
by significantly more patients in the high-dose colchicine
vs. placebo group. The low-dose colchicine group did not
differ significantly compared to placebo for any adverse
event (RR 1.37; 95% CI 0.70-2.66) or diarrhea (RR 1.72; 95%
CI 0.63-4.70). For any adverse event, the NNT-H for high-
dose colchicine was 3 (95% CI 2-4) and for diarrhea the
NNT-H was 2 (95% CI 2-3).

Recommendations

In patients with acute gout, evidence suggests:

* Colchicine is better than placebo in improving pain in
the first 24-48hours [overall quality: high]

¢ Low-dose colchicine is as effective as high-dose colchi-
cine for treatment of acute gout, which are both better than
placebo [overall quality: moderate]

* Colchicine is associated with significantly more gastroin-
testinal adverse events than placebo; high-dose colchicine
is associated with more gastrointestinal adverse events
than placebo; and low-dose colchicine was not statistically
significantly different than placebo [overall quality:
moderate]
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Question 3: How effective are other treatments
including NSAIDs, corticosteroids, and ACTH in
the management of acute gout as compared to
placebo and each other?

The case clarification, relevance and current opinion relat-
ing to this question have already been presented in the
context of Question 2.

Finding the evidence

e Cochrane Database, with search
“Nonsteroidal anti-inflammatory  drugs,”
“steroid,” “randomized”

e PubMed (www.ncbinlm.nih.gov/PubMed/) clinical
queries search/ systematic reviews: “gout,” “Nonsteroidal
anti-inflammatory drugs,” “NSAID”. “steroid”

e PubMed (www.ncbinlm.nih.gov/PubMed/) -sensitiv-
ity search using keywords “gout,” “Nonsteroidal anti-
inflammatory  drugs,” “NSAID,” “steroid,” and
“randomized”

terms “gout,”
“NSAID,”

Quality of the evidence

Level 1

e 2 systematic reviews/meta-analyses
* 2 randomized trials

Findings

In a systematic review, use of NSAIDs, corticosteroids, and
ACTH in acute gout was reviewed." The systematic review
identified one placebo-controlled trial comparing tenoxi-
cam (an NSAID) to placebo,” but no placebo-controlled
trials of steroids or ACTH use in acute gout. One rand-
omized controlled trial compared tenoxicam 30mg/day to
placebo (n = 30). In this study 67% of tenoxicam-treated vs.
26% of placebo-treated patients had 50% or more reduction
in pain at 24 hours, but no difference at the end of treatment
at 4 days. A report in the Cochrane Database notes that
there are no placebo-controlled trials of corticosteroids in
gout." Of the nine studies that compared NSAIDs to each
other, seven low-quality studies found no differences in
efficacy of NSAIDs compared to each other. Only two were
high-quality studies.”'® A combined analysis showed that
when comparing etoricoxib to indomethacin, there were
significantly lower relative risks of any adverse event (0.77;
95% CI 0.63-0.95) and drug-related adverse events (0.47;
95% CI 0.33-0.66) in favor of etoricoxib. No differences
were noted in the relative risk of serious adverse events
(0.56; 95% CI, 0.03 to 9.40) or withdrawals due to adverse
events (0.50; 95% CI 0.15-1.62).

One study compared ACTH to intramuscular triamci-
nolone (a corticosteroid) and found similar efficacy of the
two with respect to the time required for complete resolu-
tion of acute gout.”” No placebo-controlled trials compared
steroids or ACTH to placebo.

20

Two studies compared NSAIDs to prednisone in patients
with acute gout, but there are no studies comparing colchi-
cine or ACTH to NSAIDs or prednisone. In one study of 90
patients, an oral prednisolone/acetaminophen combina-
tion was found to be as effective as oral indomethacin/
acetaminophen combination in relieving pain and was
associated with fewer adverse effects.”® In an equivalence
study of prednisolone and naproxen for acute gout, no
significant differences were noted between treatment arms
for pain reduction at 90hours.”” Adverse events were
similar between groups.

Recommendations

¢ NSAIDs may relieve symptoms of acute gout including
pain and a variety of NSAIDs have similar efficacy in this
regard [overall quality: low].

¢ Corticosteroids can also relieve pain during acute gouty
arthritis [overall quality: low]

Question 4: What is the role of colchicine in
prophylaxis during initial urate-lowering
therapy?

The case clarification, relevance and current opinion relat-
ing to this question have already been presented in the
context of Question 2.

Finding the evidence

¢ Cochrane Database, with search terms “gout” “colchi-
cine” “randomized”
e PubMed (www.ncbinlm.nih.gov/PubMed/) clinical

queries search/ systematic reviews: “gout colchicine
randomized”

e PubMed (www.ncbinlm.nih.gov/PubMed/)—sensitivity
search using keywords “gout colchicine randomized”
AND as well as “gout colchicine randomized”.

Quality of the evidence
Level 11
¢ 2 randomized trials with methodological limitations

Findings

There were no systematic reviews on this topic. Two rand-
omized controlled studies with methodological limitations
(n = 95 patients) provided data regarding the use of colchi-
cine for prophylaxis of acute flares when initiating urate-
lowering therapy. In a randomized double-blind study, 51
patients with crystal-proven gouty arthritis with high
serum urate and frequent gout attacks/tophi were enrolled,
8 of whom were excluded since they did not participate
beyond the initial enrollment and did not receive study
drug. Of the 43 patients analyzed, 21 patients with gout
were randomized to colchicine 0.6mg twice a day orally
and 21 to placebo twice a day orally for 3 months beyond
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attaining a serum urate of less than 6.5mg/dL.*° All patients
received allopurinol starting at 100 mg orally and escalated
by 100mg increments (in renal failure, 50mg increments)
until the target serum urate was achieved. Patients treated
with colchicine experienced fewer flares during the entire
study (0.52 vs. 2.91, p =0.008), and less severe flares as
reported on a visual analog scale (3.64 vs. 5.08, p = 0.018).
Overall, fewer patients in the colchicine (33%) vs. placebo
(77%) group reported any gout flares (p = 0.008) or recur-
rent gout flares: 14% vs. 63%, respectively (p = 0.004).
Comparing the safety profile of colchicine to placebo,
similar proportions had overall withdrawals (14% vs. 18%)
or any adverse event (43% vs. 38%, p =0.76). A signifi-
cantly higher proportion had diarrhea as an adverse
event in colchicine (38%) vs. the placebo group (4.5%)
(p = 0.009).

In a two-center randomized double-blind study, Paulus
et al. compared two regimens in 52 patients with hyperu-
ricemia and history of typical attacks of acute arthritis:*!
500mg of probenecid tablet orally three time a day vs.
500mg of probenecid + 0.5mg of colchicine tablet three
time a day. They analyzed 38 patients after excluding 18 as
a result of noncompliance or loss to follow-up. Mean gout
flares/month/patient were significantly less frequent in
the colchicine vs. the placebo group, 0.19 vs. 0.48 (p < 0.05).
Diarrhea was reported by 9/20 in colchicine and 6/18 in
placebo group. Gastrointestinal adverse events were
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from joint, bursa or tophaceous deposit using polarized
microscopy

* Colchicine is better than placebo in improving pain in
the first 24—48hours

¢ Low-dose colchicine is as effective as high-dose colchi-
cine for treatment of acute gout, and both high and low
dose colchicine are better than placebo

¢ Colchicine is associated with significantly more gastroin-
testinal adverse events than placebo; high-dose colchicine
is associated with more gastrointestinal adverse events
than placebo and low-dose colchicine was not statistically
significantly different than placebo

e NSAIDs may relieve symptoms of acute gout including
pain and variety of NSAIDs have similar efficacy in this
regard

e Corticosteroids relieve pain during acute gouty arthritis

e Prophylaxis with colchicine is effective in preventing
acute gout flares during the initial urate-lowering therapy
e Adverse events with prophylactic colchicine during
initial urate-lowering therapy are not significantly different
from placebo

Conclusions

The most common methods used in clinical practice to
diagnose gout, including the clinical/classification criteria

reported by 15/20 patients in the colchicine gr@{?ﬁ@;ﬁﬂirror&dmﬁdiographic criteria, do not have high specificity or

8/18 in the placebo group.

The data from the two trials described above could be
pooled for two outcomes: adverse event and diarrhea.
Analyses showed that relative risk of any adverse effect
(1.47[0.94, 2.32]) or diarrhea (2.75 [0.41, 18.28]) was slightly
higher in the colchicine vs. the placebo group, but the dif-
ference was not statistically significant.

Recommendations

¢ Prophylaxis with colchicine is effective in preventing
acute gout flares during the initial urate-lowering therapy
[overall quality: moderate]

e Adverse events with prophylactic colchicine during
initial urate-lowering therapy are not significantly different
from placebo [overall quality: low to moderate]

Summary of recommendations

¢ Clinical criteria have moderate accuracy in helping with
the diagnosis of gouty arthritis

¢ Radiographic features typical of gout may be present in
up to 60% of the patients with gout and assist in making
diagnosis of gout

¢ The gold standard for diagnosis of gout is documenta-
tion of urate crystals in joint fluid/material aspirated
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sensitivity. Documentation of urate or other crystals in syn-
ovial fluid or tophaceous subcutaneous deposits is highly
recommended to differentiate gout from pseudogout and
osteoarthritis. Colchicine is effective in reducing pain asso-
ciated with acute gouty arthritis, with low-dose (1.8mg)
being as effective as the high-dose hourly colchicine (4.8 mg)
regimen. Other effective options for treatment of acute
gouty arthritis include NSAIDs, corticosteroids (oral and
intra-articular) and ACTH. Anti-inflammatory prophylaxis
with colchicine or NSAID is indicated at initiation of urate-
lowering therapy in patients with gout, to be continued for
a few months to prevent acute flares. Colchicine seems to
be well tolerated when used as prophylactic therapy at the
time of urate-lowering therapy initiation.
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Perioperative Medical Management

Daniel A. Mendelson, Susan M. Friedman, and Joseph A. Nicholas
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Case scenario

An 84 year old woman with heart failure, hypertension,
hyperlipidemia, asthma, and diabetes trips on a rug at
home. She is unable to bear weight, and is brought to the
hospital. She is found to have a right intertrochanteric hip
fracture.

Top five questions

Diagnosis

1. Is preoperative echocardiography indicated for asymp-
tomatic patients?

Therapy
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Relevant anatomy

Hip fractures can be classified in relation to the hip capsule
as intracapsular (femoral neck) fractures or extracapsular
fractures, which includes both intertrochanteric and sub-
trochanteric fractures.

Importance of the problem

Since most patients who sustain hip fractures undergo
surgery, optimizing the perioperative management of these
patients is essential. Perioperative mortality is approxi-
mately 4%, with 1 year mortality ranging from 10% to 35%.
Complications sustained during hospitalization may lead
to a delay in rehabilitation, further functional decline, poor
quality of life, and death.

Optimizing perioperative medical management has been
shown to reduce complication rates, including cardiac
complications, thromboembolism, infection, and delirium.
Length of hospital stay is also reduced. This reduction in
complications translates to a reduction in healthcare costs.

2. Which approaches to delirium prevention work?
3. Does comanagement improve processes and outcomes?
4. Are beta-blockers useful in perioperative management?

Harm

5. What is the harm associated with delay to surgery?

Question 1: Is preoperative echocardiography
indicated for asymptomatic patients?

Case clarification

Because the patient has a history of heart failure and cardiac
risk factors, the anesthesiologist requests clarification of the
patient’s cardiac status. The patient has no new cardiac
symptoms or findings.

Relevance

Echocardiography adds costs and often delays definitive
care, which may result in worse outcomes. Recent studies
suggest that proceeding to surgery quickly may result in
lower hospital mortality, lower length of stay, and lower
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30day rehospitalization. Avoiding unnecessary echocardi-
ography may produce better outcomes at lower cost.

Current opinion

There is no clear consensus upon obtaining preoperative
echocardiograms for asymptomatic patients. There are
wide practice variations."

Finding the evidence
¢ Cochrane Database (http://www.cochrane.org/reviews):
with search terms: “hip fracture” and “echocardiogram”
° Returned 1 results
¢ PubMed (www.ncbinlm.nih.gov/PubMed/): with search
terms: “hip fracture” and “preoperative cardiac evaluation”
° Returned 9 references
¢ MEDLINE (1990 to March 31, 2010) with search strategy:
1 exp Hip Fractures
2 exp Echocardiography
3 land?2
° Returned 16 references
e A review of reference lists of relevant articles for addi-
tional published trials

Quality of the evidence
e Level III: case series

Findings

Although physicians caring for hip fracture patients may
feel more comfortable obtaining an echocardiogram prior
to surgery, such evaluation rarely changes management
when there are no new signs or symptoms of cardiac dys-
function. For the majority of patients, thoughtful fluid
management, timely surgery, and appropriate medical
management results in best outcomes without the cost or
delay associated with obtaining additional cardiac testing.'?

Recommendation

¢ Echocardiography should not be obtained in patients
without signs or symptoms of new cardiac conditions
[overall quality: low]

Question 2: Which approaches to delirium
prevention work?

Case clarification

At baseline, the patient is cognitively intact, pleasant, and
interactive. On postoperative day 2, she screams at the
nurse, accusing her of trying to poison her, and pulls out
her intravenous line and urinary catheter. She is agitated,
appears uncomfortable, and either does not answer ques-
tions at all, or responds inappropriately.

Relevance
Delirium is the most common postoperative complication
following hip fracture surgery, with incidence estimates up
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to 60%.%>* Delirium occurs more commonly in this popula-
tion than in other hospitalized older adults. The occurrence
of delirium is associated with increased risk of complica-
tions, increased length of stay, decline in activities of daily
living, decline in ambulation, admission to nursing home,
and death.>” Furthermore, although delirium is considered
to be an acute condition, about 40% of those who develop
delirium still have symptoms on hospital discharge,® which
can in turn impact their ability to participate in rehabilita-
tion® Patients who are admitted to rehabilitation with
delirium are more likely to suffer further complications,
more likely to be rehospitalized, and less than half as likely
to be discharged to the community as those who are not
delirious.’

Current opinion

Although delirium is extremely common following surgi-
cal repair of hip fractures, few centers have standardized,
comprehensive approaches to delirium prevention.
Optimizing medical and surgical treatment will help
reduce the incidence and severity of delirium.

Finding the evidence
¢ Cochrane Database (http://www.cochrane.org/reviews):
with search terms: “hip fracture” and “delirium”

° Returned 15 results
e PubMed (www.ncbinlm.nih.gov/PubMed/): with
search terms: “hip fracture” and “delirium,” limited to
clinical trial, meta-analysis, randomized controlled trial or
review, AND English

° Returned 18 references
e MEDLINE (1990 to December 14, 2009) with search
strategy:

° exp Hip Fractures

° Delirium: prevention & control

° Returned 22 references
¢ A review of reference lists of relevant articles for addi-
tional published trials

Quality of the evidence

Level I

¢ 2 systematic reviews or meta-analyses
¢ 4 randomized controlled trials

Level 11
¢ 3 cohort studies

Findings

Interventions to reduce delirium have included compre-
hensive programs and specific medications.”” A rand-
omized controlled trial of proactive geriatric assessment
was completed on 126 hip fracture patients. The geriatri-
cian visited daily and made recommendations based on a
structured protocol. Recommendations focused on 10
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topics, including fluid management, treatment of pain,
medication management, bowel and bladder function,
nutrition, and mobilization. Incidence of delirium was
lower (32% vs. 50%, RR = 0.64, with 95% CI = 0.37-0.98).
Severe delirium incidence was 12% vs. 29% (RR = 0.4, with
95% CI =0.19-0.89). For those who developed delirium,
there was no difference in number of hospital days with
delirium." An intervention of pre- and postoperative geri-
atric assessment, early surgery, oxygen, prevention of
blood pressure falls, and treatment of complications led to
a rate of delirium of 47.6% vs. 61.3% in historic controls."
Incidence of severe delirium and length of stay were also
reduced. A pre-post study of nurse education, systematic
cognitive screening, consultation, and a scheduled pain
protocol showed a reduction in delirium severity and dura-
tion but not overall incidence.”

Haloperidol prophylaxis (0.5mg three times daily) was
studied in a randomized controlled trial of 430 hip fracture
patients aged 70 and over. There was no difference in the
primary endpoint of postoperative delirium incidence
(151% vs. 16.5%, with RR=091, 95% CI=0.6-1.3).
However, for those who developed delirium, severity was
less (p < 0.001), duration was shorter (5.4 vs. 11.8days, 95%
ClI for difference = 4.0-8.0, p < 0.001), and mean length of
stay was lower (17.1 vs. 22.6days, p < 0.001)."* Overall inci-
dence of delirium in this population was low, which may
be a result of all patients receiving proactive geriatric con-
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Relevance

Patients admitted for fragility fractures frequently have
comorbidities that warrant careful management by experts.
The complexity of these patients is beyond what an ortho-
pedic surgeon should be expected to manage on their own.
Surgeons are busy in the operating room and often do not
have the time to manage medical problems and coordinate
care with the patient, family, and care team during regular
working hours.®

Current opinion

There is a growing trend for geriatricians or hospitalists to
specialize in the comanagement of geriatric fractures in
order to improve outcomes including morbidity, mortality,
length of stay, and costs."”

Finding the evidence
¢ Cochrane Database (http://www.cochrane.org/reviews):
with search terms: “hip fracture” and “comanagement” or
“co-management”

° Returned 0 results
¢ PubMed (www.ncbinlm.nih.gov/PubMed/): with
search terms: “hip fracture” and “comanagement” or
“co-management”

° Returned 4 references
e MEDLINE (1990 to March 31, 2010) with search

sultation. Randomized trials of donepazil®® and GIR@MRUITOrSreMEY:

line'® did not affect delirium incidence.

There is observational evidence that delirium is associ-
ated with experiencing severe pain (RR = 9.0, 95% CI = 1.8—
45.2), receiving less than 10mg of parenteral morphine
daily (RR =5.4, 95% CI =2.4-12.3), or receiving meperid-
ine (RR =24, 95% CI = 1.3-4.5)."”

Recommendations

¢ Proactive, standardized geriatric assessment reduces
delirium incidence and severity [overall quality: high]

¢ Low-dose haloperidol prophylaxis in a high-risk popu-
lation may reduce delirium severity and duration [overall
quality: moderate]

¢ Poorly treated pain may increase risk of delirium [overall
quality: low]

Question 3: Does comanagement improve
processes and outcomes?

Case clarification

The patient was admitted to the orthopedic surgery service
and was comanaged by a geriatrics hospitalist. Medication,
pain, and fluid management were primarily monitored by
the geriatrician. The patient had surgery within 12hours of
admission and was discharged for rehabilitation at a skilled
nursing facility on the third postoperative day.
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1 exp Hip Fractures

2 comanagement.mp

3 co-mangement.mp

4 20r3

5 1and 4

° Returned 4 references
¢ A review of reference lists of relevant articles for addi-
tional published trials

Quality of the evidence
e Level II: cohort studies, consensus

Findings

Comanagement of fragility fractures by geriatricians has
been shown to improve in hospital mortality (1.5 vs. 3.2 %),
length of stay (4.6 vs. 5.2days), and 30 day readmission
rates (9.7 vs. 19.4%). Comanagement compared with usual
care is associated with shorter time to surgery (24.1 vs.
37.4hours), fewer postoperative infections (2.3 vs. 19.8 %),
less complications overall (30.6 vs. 46.3 %), and less use of
restraints (0 vs. 14.1 %).2*

Recommendation
¢ Comanagement should be considered for fragility frac-
tures [overall quality: moderate]
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Question 4: Are beta-blockers useful in
perioperative management?

Case clarification

The patient has a history of congestive heart failure, hyper-
tension, hyperlipidemia, asthma, and diabetes mellitus.
Her preoperative blood pressure is recorded as 108/62,
with a pulse of 88 beats/minute.

Relevance

Despite an initial enthusiasm for the widespread use of
beta-blockers in the perioperative setting, more recent
studies have highlighted risks from beta-blocker therapy
for some patients. Dose, timing and patient selection are
likely important factors to consider.

Current opinion

Recommended practice has moved to limited beta-blocker
use in patients with known coronary heart disease or who
are already on a beta-blocker. Reduced risk for myocardial
ischemia and infarction need to be weighed against risk for
acute stroke. There is debate over the recommended dosing
of beta-blockers, target population, target heart rate.

Finding the evidence
e Cochrane  Database (http:/ /www.cochrane.org/
reviews/index.htm): with search terms “beta-blocker” and
“surgery”

° No relevant reviews; 2 relevant protocols
e PubMed (www.ncbinlm.nih.gov/PubMed/): with
search terms “beta-blocker” and “perioperative,” limited to
clinical trial, meta-analysis, or randomized controlled trial,
AND English

° 91 references
e A review of reference lists of relevant articles for addi-
tional published trials.

Quality of the evidence

Level I

* 1 systemic review or meta-analysis
¢ 5 randomized controlled trials

Level I
¢ 1 cohort study

Findings
Since the initial publication of data galvanizing the
widespread use of beta-blockers in the perioperative
setting, a number of subsequent studies have suggested
a more nuanced approach in patients undergoing noncar-
diac surgery, with many studies failing to confirm
benefit.”>

The most recent published meta-analysis found reduc-
tions in nonfatal myocardial ischemia were offset by non-
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fatal strokes and significant perioperative bradycardia and
hypotension, with no effect on all-cause mortality.” The
meta-analysis was dominated by the recently completed
POISE trial,*® which found increased mortality and strokes
in patients started 2—4hours preoperatively on a target
dose of 200mg/day extended-release metoprolol. More
recently, the DECREASE-IV trial of bisoprolol 2.5mg/day,
started 30days before surgery, did find a significant reduc-
tion 30-day cardiac death or infarction rates, without an
associated increase in strokes, heart failure, bradycardia, or
hypotension.” The protocols of these two major trials dif-
fered in many plausibly important ways, including study
drug, dose, timing of drug initiation, and heart rate targets.
DECREASE-IV enrolled a younger population than POISE
and had a higher bradycardia threshold for holding the
study drug .

There are no trials dedicated to studying the risk-benefit
of perioperative beta-blockade in patients older than 75
years. There are no large, high-quality trials of lower-dose
beta-blockade (less than metoprolol 50mg/day) initiated
just prior to surgery. In older patients with diminished
physiologic reserve, requiring acute, noncardiac surgery,
the risk-benefit of modest-dose beta-blockade remains
unclear. Observational data suggests that a perioperative
protocol for frail, elderly patients with hip fractures that
includes low-dose metoprolol may be associated with sig-
nificantly improved outcomes, including low myocardial
ischemia and stroke rates.?’ After review of the POISE trial,
the American College of Cardiology and American Heart
Association have revised their guidelines, advising against
perioperative initiation of high fixed-dose regimens in
beta-blocker-naive patients undergoing intermediate-risk
procedures.”® Less aggressive or slowly titrated beta-
blockade, and continuing chronic beta-blockade, is likely
less harmful, and may be associated with improved
outcomes.

Recommendations

¢ For patients on chronic beta-blocker therapy undergoing
nonvascular surgery, continue beta-blockers in the periop-
erative period [overall quality: low]

¢ Consider the initiation of low-dose beta-blocker (equiva-
lent to metoprolol 25-50mg/day) therapy in patients at
increased risk for perioperative cardiac events; consider
starting days to weeks in advance of surgery if possible
[overall quality: moderate]

e Titrate beta-blockers carefully, to avoid hypotension
and/or bradycardia [overall quality: high]

e Do not routinely use perioperative beta-blockade in
patients at low risk for perioperative cardiac events [overall
quality: moderate]

¢ Do not initiate high-dose beta-blockers in naive patients
in the immediate perioperative period [overall quality:
high]


http://www.cochrane.org/reviews/index.htm
http://www.cochrane.org/reviews/index.htm
http://www.ncbi.nlm.nih.gov/PubMed/

Question 5: What is the harm associated with
delay to surgery?

Case clarification

The patient is admitted early Friday evening. Although she
is medically stable, operating room time is limited over the
weekend. On Monday, she is added to the surgical sched-
ule at the end of the day, after more “urgent” cases are
completed.

Relevance

Length of hospitalization for hip fracture repair varies tre-
mendously depending on the healthcare system. The
demand for urgent surgery often exceeds available
resources. Guidance is needed to determine whether delays
in surgery in medically stable patients will lead to poorer
outcomes.

Current opinion
In many centers, surgical repair of a hip fracture is not
viewed as urgent care.

Finding the evidence
e Cochrane  Database (http:/ /www.cochrane.org/
reviews): with search terms: “hip fracture” AND “surgical
delay” or “time to surgery” or “surgery timing”

° Returned 21 results (0 related to topic)
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CI =1.38-2.15, p < 0.001), and there was no significant dif-
ference in mortality in this subgroup relating to surgical
timing. In the second study, patients undergoing surgery
within 24 hours had lower mean pain scores, fewer days of
severe and very severe pain, shorter length of stay, and
improved self-care at 6 months than those who had surgery
after 24hours, but did not have improved mortality.31 In a
subanalysis restricted to individuals who did not have
marked abnormal clinical findings on presentation and did
not need further preoperative evaluation, early surgery
was associated with a reduction in major postoperative
complications (OR 0.26, 95% CI = 0.07-0.95). A third study
showed no difference in discharge destination or mortality
after adjusting for baseline characteristics, but did note an
increase in length of stay.”

Recommendations

¢ Delay in surgery more than 4days in stable patients may
increase mortality [overall quality: low]

¢ Surgery within 24hours lowers overall pain and dura-
tion of severe pain [overall quality: moderate]

e Hip fracture patients who also have acute medical
comorbidities are at increased risk of death due to those
comorbidities, regardless of timing of surgery [overall
quality: moderate]

Summary of recommendations

e PubMed (www.ncbinlm.nih.gov/PubMed/ pp&mimirrors.com
search terms: “hip fracture” and “surgery timing,” limited
to English

° Returned 84 references (19 relevant)
¢ A review of reference lists of relevant articles for addi-
tional published trials

Quality of the evidence
Level 1
¢ 1 systematic reviews or meta-analyses

Level 11
¢ 18 cohort studies

Findings

Because of the ethical nature of this question, a randomized
trial to address it is not feasible. In a recent systematic
review of 52 studies involving 291,413 patients,” 3 studies
involving 6,954 patients were prospective, excluded unfit
patients, and adjusted for confounders. In one of these
studies,” a delay of 4 or more days in medically stable
patients increased mortality at 90days (HR 2.25, 95%
CI=1.2-4.3,p =0.01) and at 1 year (HR 2.4, 95% CI = 1.45-
3.99, p =0.001). Patients who were delayed due to acute
medical comorbidities on admission had a higher mortality
at30days (HR = 2.3,95% CI = 1.62-3.33), 90days (HR = 2.1,
95% CI=1.6-2.7, p<0.001), and 1 year (HR 1.72, 95%
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¢ Echocardiography should not be obtained in patients
without signs or symptoms of new cardiac conditions

* Proactive, standardized geriatric assessment reduces
delirium incidence and severity

* Low-dose haloperidol prophylaxis in a high-risk popu-
lation may reduce delirium severity and duration

* Poorly treated pain may increase risk of delirium

¢ Comanagement should be considered for fragility
fractures

¢ For patients on chronic beta-blocker therapy undergoing
nonvascular surgery, continue beta-blockers in the periop-
erative period

¢ Consider the initiation of low-dose beta-blocker (equiva-
lent to metoprolol 25-50mg/day) therapy in patients at
increased risk for perioperative cardiac events; consider
starting days to weeks in advance of surgery if possible

¢ Titrate beta-blockers carefully, to avoid hypotension
and/or bradycardia

* Do not routinely use perioperative beta-blockade in
patients at low risk for perioperative cardiac events

* Do not initiate high-dose beta-blockers in naive patients
in the immediate perioperative period

¢ Delay in surgery more than 4 days in stable patients may
increase mortality
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e Surgery within 24hours lowers overall pain and dura-
tion of severe pain

e Hip fracture patients who also have acute medical
comorbidities are at increased risk of death due to those
comorbidities, regardless of timing of surgery
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Orthobiologics
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Case scenarios

Case 1

A 64 year old man presents 2 years after sustaining a
Gustilo-Anderson type II distal-third tibia fracture treated
with a statically locked intramedullary nail. He has type 1
diabetes and has smoked a pack of cigarettes a day for over
40 years. The patient had a small residual gap at the frac-
ture site, and did not develop significant bridging callus.
His fracture was treated with dynamization of the nail at 9
months with removal of the proximal interlocking screws,
and then revision intramedullary nailing 6 months later for
continued lack of healing. He continues to have pain at the
fracture site and shows no evidence of cortical bridging on
plain radiographs.

Case 2

A 55 year old woman is seen for debilitating low back and
neck pain for over 8 months. She has failed 3 months of
physical therapy as well as having had two epidural steroid
injections approximately 2 months ago. MRI shows degen-
erative disc disease at L3—4 and L4-5 as well as C5-6.

Relevant anatomy

Fracture healing is affected by a variety of conditions as
well as the anatomic location of the injury. Smoking, comor-

bidities such as diabetes, open fractures, and advanced age
all have negative effects on the healing of fractures. Several
anatomic regions have a higher rate of nonunion, such as
the proximal metaphysis of the 5th metatarsal, the scaphoid,
the femoral neck, and the subtrochanteric region of the
femur."” It is presumed that the tenuous nature of the local
blood supply is largely responsible for the resistance to
union at these sites.

Open tibia fractures have been the subject of intense
research with regard to improving clinical outcomes related
to bone healing and reducing the risk of infection. The
blood supply to the tibia is predominately supplied by the
posterior tibial artery.* Fractures that have soft tissue strip-
ping (which devitalizes the bone) or an associated vascular
injury are at increased risk for delayed union and nonun-
ion. Dickson et al. obtained angiograms in 114 patients
treated for an open tibia fracture.” They found that open
fractures with documented arterial disruption had a rate of
delayed and nonunion of 46% compared to a rate of 16%
in similar injuries with a normal angiographic study. Others
have achieved union in both distal femur and tibial non-
unions after revascularization procedures alone.®” Anatomic
studies of the vascular supply of the tibia have shown that
the proximal tibia is richly vascularized, while the diaphy-
sis contains few extraosseous vessels.® Disruption of these
vessels after fracture results in rapid revascularization.
Delayed union and nonunion are characterized by an avas-
cular area at the fracture site; in these cases restoration of
stability and possibly bone grafting can result in healing.’

Several bones, when fractured, are resistant to union
because their intraosseous vascular supply is provided by
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a single vessel that is typically disrupted by the fracture.
For example, fracture of the proximal 5th metatarsal dia-
physis, also known as a Jones fracture, occurs in a vascular
watershed, which likely contributes to the higher rate of
nonunion in this region.'” The scaphoid is also prone to
nonunion, as the proximal pole receives its blood supply
proximally. Successful treatment has been accomplished
with vascularized grafts," further emphasizing the impor-
tance of the vascular supply in fracture healing.

CHAPTER 13 Orthobiologics

fails conservative management has been treated with
decompression and fusion with or without instrumenta-
tion. The risk of pseudoarthrosis in patients undergoing
spine fusion with iliac crest bone graft is estimated to be as
high as 12%, with advancing age being a risk factor for this
complication.* Chronic pain at the operative site is another
complication that has been found to occur in nearly 40% of
patients,” with both major and minor complications occur-
ring in 10% and 39% respectively.®

Importance of the problem

In general, fractures heal, although the healing process can
be impaired at specific anatomic sites, in fractures associ-
ated with soft tissue injuries, and in fractures occurring in
patients with specific risk factors. With an aging population
it is predicted by the World Health Organization that by
2050 there will be 6.3 million hip fractures worldwide, a
significant increase from the estimated 1.66 million that
occurred in 1990. Currently the highest rates of hip frac-
tures are seen in North America and Europe, although by
2050 more than half of all hip fractures may occur in Asia."
A 2008 study on the incidence of all fracture types in
England found that lifetime prevalence in middle-aged
men was over 50% and it was 40% for women who lived
past age 75." While some countries have reported a recent

decline in the age-adjusted rate of hip fractures, OREHRIITO

from Finland, Canada, and Germany show that the abso-
lute number of osteoporotic fractures continues to rise.”"
Regardless of the change in rates, Kannus et al. note that
the burden of osteoporotic fractures in Finland, for example,
will continue to rise along with the rapidly aging popula-
tion.” A separate review of perimenopausal and postmeno-
pausal women from 2000 to 2005 found a significant
increase in rates of distal radius, hip, and pelvic fractures.”
It is clear that with the increasing population worldwide,
we will continue to experience the burden of both nonun-
ions and delayed unions. Without appropriate interven-
tions, this will likely result in significant increases in costs
to both the patient and society. Not only will direct hospital
and other medical costs increase, but the lost time from
work by the patient and family members who become care
givers will negatively impact society’s productivity overall.
Certain modalities, if used in targeted patients, may
decrease the risk of nonunion or delayed union and thus
decrease the overall cost of care for a given injury.

It appears that the incidence of clinically significant spine
pathology is also increasing rapidly. From 1997 to 2006 the
number of patients seeking medical attention for back com-
plaints increased from 14.8 million to 21.9 million.” This
increase is consistent with the 77% increase in the number
of spinal fusions that were performed during the five year
period from 1996 to 2001.” Degenerative disk disease that
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Top five questions

Risk factors

1. What patient and injury-related factors negatively affect
bone healing?

Treatment

2. When should orthobiologics be used in the acute setting?
3. What orthobiologics are recommended for healing of
recalcitrant nonunions?

Government regulations

4. What rules govern the use of orthobiologics?

rs.com

Complications

5. What are the reported risk factors with the use of the
various FDA (Food and Drug Aadinistration)/EMEA
approved orthobiologics?

Question 1: What factors negatively affect
bone healing?

Case 1 clarification

Our patient has several perceived risk factors for impaired
fracture healing. Smoking and diabetes are known risk
factors for impaired bone healing. Aging might also be a
risk factor for nonunion of a fracture, since the pool of
available mesenchymal stem cells declines with age. Our
patient is a candidate for revision intramedullary nailing
with autograft or with an orthobiologic agent.

Relevance

There are a number of issues that can affect a patient’s
health and potentially affect bone healing after trauma or
during elective procedures such as spinal fusion or correc-
tion of malunion. It is well established that diabetes and
malnutrition can negatively affect wound healing and
other factors, either in combination or alone, may help
predict the likelihood of delayed union or nonunion fol-
lowing fracture.
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Current opinion

It is a common belief that multiple factors affect bone
healing negatively. This includes patient-specific factors
such as age, diabetes, malnutrition, and immune compro-
mise. Smoking and alcohol abuse are also thought to have
a negative impact on bone remodeling. The need to use
orthobiologics in patients considered to be at risk for
impaired healing has not been validated with randomized
clinical trials, but remains an available option for the treat-
ing surgeon, although in many cases such use is “off-label”
and appropriate discussion with the patient is required
preoperatively (see Question 4).

Finding the evidence: aging and bone healing

* PubMed (www.ncbinlm.nih.gov/pubmed/): “aging
bone marrow stromal changes” and “aging osteogenic
potential”

Quality of the evidence (best available)
¢ Basic science: 19 animal studies, 11 human studies

Findings

Bone healing occurs in part through the recruitment of
osteoprogenitor cells. This occurs through the release of
local and circulating growth factors that induce an inflam-
matory response under relatively hypoxic conditions,
which in turn results in early recruitment of mesenchymal
stems cells (MSCs) to the site of injury.” The higher rate of
nonunion reported in elderly patients, such as those older
than 75 years of age, has been postulated to be the result
of various factors. Some have suggested that the increase
in incidence in nonunion is the result of a delay or decrease
in the initial angiogenic response at the fracture site. This
has been confirmed in animal models in which there is an
age-related decline in blood vessel formation after frac-
ture.”® Street et al. studied 32 patients undergoing emergent
fracture repair” They obtained samples of fracture
hematoma at the time of surgery, as well as plasma samples
from venipuncture at a distant site. The test subjects evenly
divided into two groups: half of the patients were less than
40 years of age and the remaining group was older than 75
years of age. Circulating factors known to be involved in
angiogenesis, including vascular endothelial growth factor
(VEGF) and platelet derived growth factor (PDGF), were
quantified using enzyme-linked immunosorbant assay
(ELISA). The absolute amount of VEGF in the samples
from the older cohort was significantly reduced when com-
pared to the controls (31.4 vs. 68.4pg/mL); however, the
relative increase in the injured patients compared to age-
and gender-matched uninjured control was nearly tenfold
for the older group, while only a fivefold increase was seen
in the controls. No significant differences were seen with
regards to PDGEF. In-vitro endothelial cell proliferation and
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blood vessel tube formation on Matrigel was also increased
comparably when treated with plasma from each group.
Finally, fracture hematoma and plasma from both groups
induced robust new blood vessel formation in a murine
subcutaneous wound pocket assay. One issue with this
study is that the cells studied were isolated from human
umbilical veins, and others have shown that the response
of the cells involved in new blood vessel formation, the
endothelial precursor cells (EPCs), is attenuated in elderly
individuals.** Overall, the available studies indicate that
the inflammatory response is maintained in the elderly
population, although the angiogenic response may be
attenuated secondary to age-related changes in the cellular
response.

Contflicting data has been published on the number and
health of MSCs in elderly individuals, although this may
be related to the methods used in harvesting and assaying
the cells in culture® It is likely that aging results in a
decrease in both the absolute numbers and health of MSCs.
Most studies in animals have found changes in MSCs asso-
ciated with aging.*™* Several investigators have shown a
decrease in the osteogenic potential and growth rate in
MSCs taken from long bones in aged mice,®* while
Bellows et al. found that cells isolated from the vertebral
column responded similarly to treatments regardless of
age.” Although the anatomic origin of the cells could be
one reason for the differences seen in the various studies,*®
experiments in strains of mice that age at different rates
suggest that variations in growth and differentiation may
also be the result of differences in local growth factors and
matrix composition of the donor.* D'Ippolito et al. studied
the ability of MSCs from vertebral marrow aspirates to
form colonies in vitro that expressed alkaline phosphatase,
a marker of osteoblastic differentiation. Their results found
that osteogenic potential declined with age up to approxi-
mately 40 years of age.*” This same group isolated MSCs
that they termed marrow-isolated adult multilineage
inducible (MIAMI) cells, which also demonstrated an age-
related decline from 0.01% of total marrow nucleated cells
at 3 years of age, to 0.0018% by age 45.*! Similar to their
previous study on MSCs, they found that the decline sta-
bilized at this time and it appears that these cells are resist-
ant to the effects of aging seen in other MSCs, with the
exception of an increase in the doubling time by 30%.**
Stolzing et al. compared human MSCs from three age
groups.” They found an age-related decline in the number
of stems cells isolated from iliac crest bone marrow aspi-
rates up to the age of 40. Cells isolated from patients over
40 years of age displayed an increase in the expression of
the apoptosis markers p53 and, to a lesser extent, p21, with
a significant increase in the rate of apopotosis. When the
investigators assessed the ability of MSCs to differentiate
into osteoblastic cells, the aged population showed a sig-
nificant decline in alkaline phosphatase activity, and this


http://www.ncbi.nlm.nih.gov/pubmed/

decline was evident in patients beginning after 18 years of
age, with a 40% decline occurring in 19-40 year old group.
Bidula et al. found a decline in relation to age in the
number of marrow cells isolated from the anterior iliac
crest.* However, they found no difference in the preva-
lence of alkaline phosphatase-positive cultures between
subjects.

Recommendation

Although the debate continues, it appears that evidence
favors an age-related change in MSC activity and health.
However, what role this plays in bone repair as the popula-
tion continues to age throughout the world remains to be
determined with larger controlled trials.

¢ The current evidence does not support treating elderly
patients with fractures differently than any other group of
patients with regards to the use of orthobiologics to stimu-
late fracture healing [overall quality: moderate-high]

Finding the evidence: diabetes
e PubMed (www.ncbinlm.nih.gov/pubmed/): “diabetes
fracture healing,” “diabetic fracture”

Quality of the evidence (best available)

¢ Basic science: 2 animal studies, 1 human study
e Level IIT: 2

e Level IV: 1
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there was an increased incidence of delayed union in non-
insulin-dependent diabetics, patients treated operatively,
and those older than 50 years of age.”® In a separate retro-
spective review of 84 patients with diabetes and operatively
managed ankle fractures, Costigan et al. failed to show a
difference in the rate of union.” They did, however, note
that 10 patients developed complications such as infection.
These problems occurred in patients with absent pedal
pulses and in those patients with peripheral neuropathy.
Two animal studies have been published examining the
effect of approved orthobiologics on fracture healing in a
diabetic model. Kidder et al. studied OP-1 (Stryker
Biotech, Hopkinton, MA) in 54 streptozotocin-induced
diabetic rats that were subjected to a traumatic femoral
fracture.® The fractures were fixed acutely with an
intramedullary pin and either 25ug of OP-1 in a collagen
carrier, carrier alone, or nothing. At both the 2 week and
4 week time points, the radiographic area of callus was
significantly greater in the OP-1 treated animals. This
increased callus did not result in a change in the torque
to failure between any of the tested groups, including a
nondiabetic control group. In a similar study, thBMP-2
(Medtronic, Minneapolis, MN) was evaluated in diabetic
Wistar rats.>* The diabetic state in these rats was induced
by an autoimmune reaction as opposed to chemical induc-
tion. Femoral fractures were created and stabilized in both
diabetic and nondiabetic rats and either rhBMP-2 or

Openmirrorg:BM@ alone was applied. There was no significant

Findings

Several medical conditions affect bone health and are
related to an increase in fracture risk and possibly a higher
rate of healing complications. Diabetes has many effects on
cellular health and increased rates of fractures have been
seen in both type 1 and type 2 diabetics. This increase in
fracture risk may be multifactorial and includes a decreased
bone strength as well as an increase in the rate of falls sec-
ondary to poor vision, peripheral neuropathy, and episodes
of hypoglycemia.®® Complications related to diabetes
include delayed wound healing and difficulties with
achieving bony union.** Animal models of diabetic frac-
ture healing indicate that in type 1 diabetes, the fracture
callus is negatively affected by an upregulation of inflam-
matory markers, with an associated increase in osteoclast
activity and cartilage breakdown.* There are, however, few
clinical studies showing that diabetics have difficulties with
fracture healing. Cozen reported on nine consecutive dia-
betic patients with delayed union or nonunion when com-
pared to matched case controls.® Loder retrospectively
reviewed 31 closed fractures in diabetic patients.”" These
authors compared healing time, as measured by radio-
graphic parameters and time to full weightbearing, with
accepted healing times obtained from literature review.
They determined that overall healing time was increased in
the diabetic patients with an odds ratio of 1.63. Furthermore,
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increase in new bone at the fracture site for the rhBMP-2
treated animals, however, there was an increase in the
number of blood vessels in the diabetic animals.
Interestingly, at both the 3 week and 6 week time points,
no difference in the amount of new bone between the
diabetic and nondiabetic animals was detected.

Recommendations

The available data are limited, although it appears that
diabetic patients are at a higher risk for wound complica-
tions and infection. The results in the single animal study
reviewed showed a positive effect of OP-1 on fracture
callus mineralization, although it had no effect on the
strength of the fracture callus. This study in isolation does
not indicate a dramatic potential for OP-1 use in the acute
fracture setting.

¢ Until larger and prospective human studies are availa-
ble, diabetic patients deserve special attention with regards
to management of lower extremity fractures, with particu-
lar attention to wound care, peripheral vascular disease,
peripheral neuropathy, and renal disease [overall quality:
moderate-low]

Finding the evidence: endocrine/nutritional deficits

e PubMed (www.ncbinlm.nih.gov/pubmed/): “endo-
crine nonunion,” “nutrition fracture healing”
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Quality of the evidence (best available)
* Level I 1
e Level IV: 1

Findings

Endocrine abnormalities other than diabetes may also play
arole in fracture healing. Brinker et al. created an algorithm
by which patients who suffered a nonunion that could not
be explained by technical error, had sustained a previous
low-energy fracture with at least one nonunion, or had a
nonunion of a nondisplaced pubic rami or sacral ala frac-
ture, were referred to an endocrinologist.55 The investiga-
tors identified 37 patients out of a consecutive series of 683
nonunions, of which 31 were diagnosed with a new endo-
crine or metabolic abnormality. Medical management
resulted in union in 30 of the 31 patients, with one patient
treated with a hip arthroplasty for subtrochanteric nonun-
ion. Eight of these 31 patients had no further operative
treatment to achieve union. The most common abnormality
identified was related to calcium homeostasis and vitamin
D deficiency. Vitamin D deficiency is a significant health
concern worldwide, with seasonal variations occurring in
conjunction with variations in available sunlight. Studies
in Australia found that the incidence of vitamin D insuffi-
ciency was as high as 74% in healthy middle-aged women
during the winter months.* Similar differences were not
seen in comparable male subjects,57 although studies in
Europe found rates of deficiency in 36% of elderly men and
47% of elderly women.® Doetsh et al. randomized 30
patients with proximal humerus fractures and a diagnosis
of osteopenia or osteoporosis into two groups.” Each group
was managed nonoperatively, with the treatment group
receiving daily supplementation of 1g of calcium and
8001U of vitamin D3. Over a 12 week period the investiga-
tors observed an increase in the bone mineral density
(BMD) of both groups, with the greatest increase seen at 6
weeks. The treated patients showed significantly higher
BMD when compared to placebo (0.623 vs. 0.570g/cm?,
p = 0.006). Clinical differences were not reported, but the
results suggest that fracture healing can be modulated by
medical management.

Recommendation

* The prevalence of endocrine abnormalities, as well as the
need to treat these conditions regardless of their effect on
bone healing, should alert the treating physician to recog-
nize patients at risk early in the treatment of fractures. In
this way the appropriate tests can be administered and
appropriate treatments can be implemented [overall
quality: moderate-high]

Finding the evidence: HIV/AIDS
e PubMed (www.ncbi.nlm.nih.gov/pubmed/): “HIV frac-
ture healing”
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Quality of the evidence (best available)
¢ Basic science: 1 human study
® Levell: 3

Findings

Increasing rates of infection with HIV and increased rates
of AIDS worldwide, particularly in the aging population,
has implications for both the incidence and treatment of
fractures.* It has been shown that HIV infection is associ-
ated with an increased risk for osteopenia and osteoporosis,
as well as an increase in the serum levels of the inflamma-
tory cytokine TNF-o.** Delayed wound healing and infec-
tion after fracture treatment may be increased in patients
with HIV,®% gpecifically in relation to open fractures.”*
Only one study has demonstrated an increased risk of frac-
ture nonunion in individuals affected by HIV, but the differ-
ence in union rate only approached significance (p = 0.059)
in this small cohort of patients with open fractures.®

Recommendation

e With regard to HIV-infected patients, the available evi-
dence suggests a trend that Gustilo-Anderson type II and
III fractures are at an increased risk of infection and pos-
sibly nonunion, although larger randomized controlled
trials are needed to better answer this question [overall
quality: moderate]

Finding the evidence: obesity
e PubMed (www.ncbinlm.nih.gov/pubmed/): “obesity
fracture healing,” “obesity fracture complications”

Quality of the evidence (best available)
e Level I: 1
e Level IV: 1

Findings

Obesity, and particularly morbid obesity, is a common
problem that has reached epidemic rates in many parts of
the world.®”° Although obesity has not been shown to be
a predictor of delayed fracture healing,”! obese patients are
at a higher risk for wound and other perioperative compli-
cations.””” Nonunion is a difficult problem when it occurs,
and complications, such as early hardware failure, have
been shown.”

Recommendation

In obese patients, methods that could promote faster
healing could potentially reduce the rate of reoperation in
this group that is at high risk of complications, although
this hypothesis has not been adequately tested.

¢ Obesity alone is not an indication for the use of an ortho-
biologic agent [overall quality: moderate-low]


http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/

Finding the evidence: alcohol and tobacco abuse

¢ PubMed (www.ncbinlm.nih.gov/pubmed/): “alcohol
fracture healing” alcohol nonunion” “tobacco fracture
healing” “nicotine fracture nonunion”

Quality of the evidence (best available)

¢ Basic science: 9 animal studies, 1 human study
Level I 3

Level II: 6

Level IV: 1

Findings

Addictive behaviors can have a major impact on the inci-
dence and recovery of patients sustaining orthopedic
injuries.”””” Alcohol abuse can affect patient compliance
and can be associated with tobacco use and malnutrition.”
Animal studies suggest that alcohol abuse itself has a nega-
tive effect on bone remodeling,”*' and specifically osteob-
last activity, although one study proposed that there was
no effect on the healing of tibia fractures in rats.” In this
study, animals were fed increasing concentrations of
ethanol for 8days, at which time the tibial shafts were
fractured and fixed with an intramedullary pin. The
animals were killed at 6 weeks and both the injured and
uninjured limbs were tested for mechanical strength. The
results indicated that ethanol-fed animals had significantly
lower total body BMD and bone calcium content when
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through endothelial nicotine acetylcholine receptors. When
the investigators treated wounds in diabetic mice with
topical nicotine they noted healing rates that were similar
to those treated with basic fibroblast growth factor. Fracture
healing has also been extensively studied in animal models
and, similar to the findings with regards to alcohol, not all
studies have demonstrated a negative effect of tobacco
use.¥ 2 Skott et al. studied femoral fracture healing in rates
treated with an intramedullary pin.”® Animals were pre-
treated for 7days with either subcutaneous nicotine,
tobacco extract with or without nicotine, or placebo.
Mechanical testing of the fracture at 21 days demonstrated
a significant decrease in ultimate torque and torque at yield
point for the tobacco extract group when compared to both
groups. The addition of nicotine to the tobacco extract
treated group did not have an effect on mechanical strength.
Interestingly, no difference was seen in ultimate stiffness,
energy absorption, or callus BMD within any of the groups.

Human studies on the effects of tobacco and nicotine
have also had conflicting results. Analysis of marrow aspi-
rates from the anterior iliac crest of 62 patients who were
either nonsmokers, previous smokers, or current smokers,
found no difference in the number of MSCs or the ability
of these cells to undergo osteogenic differentiation.”*
Weresh et al. found no association between smoking and
the need for multiple revision surgeries for femoral nonun-
ions.” A review of 24,774 patients who had undergone

compared to control animals. Energy to refracture YRERBAINMOISERMdecompression and fusion found an overall infec-

less in the animals treated with ethanol. Histologic or radi-
ographic analysis was not done, and the conclusion that
fracture healing was equivalent in the two groups was not
supported by the reported findings. Studies on the effects
of alcohol abuse on the rate of fracture healing in the clini-
cal setting are scarce. Kristensson et al. reviewed the records
of 107 chronic alcoholics and determined that the incidence
of fracture in this group, when compared to age-matched
controls, was increased by nearly fourfold.*® They did not
comment on the time to union or the incidence of complica-
tions related to the fracture treatment. Nyquist et al.
reviewed tibial fractures in 49 alcoholics and compared
rates of healing and complications with 150 patients who
did not have a history of alcohol abuse.* Interestingly,
there was no difference in complications or an increased
incidence of nonunion. In the subset of patients who sus-
tained a transverse tibial fracture, a statistical difference in
the time to achieve union was present.

Smoking has long been regarded as a risk factor for
wound healing and postoperative complications.** Recent
data from animal studies, however, suggest that nicotine
may have positive effects on angiogenesis and wound
healing but these effects may be countered by vasoconstric-
tion resulting in decreased perfusion.”® Jacobi et al. found
an endogenous cholinergic pathway that was involved in
angiogenesis.” This pathway is activated by nicotine

Openmirrors.com

tion rate of 3.04%, with tobacco use associated with an
increased risk of infection (RR 1.19, p = 0.09), although the
results only approached significance and the increased risk
was relatively small.” A significant decrease in the time to
union in tibial osteotomies was found in patients who used
smokeless tobacco when compared to both smokers and
nonsmokers.” The difference between union times in
smokers and nonsmokers was only 1 week, and was
reported as statistically significant (p = 0.03). With regard
to the rate of nonunion and delayed union, no difference
was seen between smokers and nonsmokers. The same
group had previously reported an increase of 2 weeks to
union in smokers when compared to nonsmokers, with
smokers having a 2.5-fold increased risk for complica-
tions.”® McKee et al. reviewed a series of patients treated
with Ilizarov reconstruction for malunion, nonunion, and
leg length discrepancy.” They found that the relative risk
for nonunion in the smoking group was 5.8. Preoperatively,
there was a trend towards significance (p = 0.14) in the rate
of infections in the group of smokers. The authors also
failed to mention the number of nonunions in each group
preoperatively, a factor that could have preselected patients
that had difficulty with achieving union and influenced the
final outcome. Bhandari et al. found an association between
smoking and secondary procedures after treatment of open
tibial fractures with intramedullary nail with or without
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rhBMP-2 supplementation.'” They defined these outcomes
as “all procedures with the potential of promoting fracture
healing (or events such as inadvertent screw breakage asso-
ciated with unlocking of the intramedullary nail, resulting
in self-dynamization)” and the rate in smokers was 33%
higher than in nonsmokers. The rate was significantly
reduced for smokers who received 1.5mg/mL rhBMP-2
(30% vs. 52%, p = 0.0138).

The most extensive research on the correlation between
smoking and bone healing has occurred in spinal surgery.
Hilibrand et al. evaluated the impact of smoking on the rate
of pseudoarthrosis in anterior cervical spine fusion.'” The
effect of smoking on fusion was variable in this series, with
no differences seen in patients who had undergone corpec-
tomy and strut graft with either fibular allograft or iliac
crest autograft. In a larger series of patients who had mul-
tilevel interbody grafting, the rate of solid fusion at all
levels was significantly less in smokers (62%) when com-
pared to nonsmokers (76%). It should be noted that the rate
of follow-up in this study was only 75%. In a retrospective
review of 375 patients who underwent instrumented
lumbar fusion, the rate of pseudoarthrosis in smokers was
shown to be 26.5% compared to 14.2% for nonsmokers. In
a third group that had quit smoking for at least 6 months,
the rate of nonunion remained significantly higher.'"”
Finally, Mok et al. retrospectively reviewed 89 consecutive
patients undergoing initial fusion of at least five levels.'”
While reoperation for any reason was high in smokers (RR
2.59), the investigators did not find a correlation with infec-
tion, implant failure, or rate of pseudoarthrosis. The higher
rate of reoperation appears to result from the high inci-
dence of pain in spinal segments adjacent to that of the
index procedure in smokers when compared to nonsmok-
ers (18.1% vs. 0%).

Recommendation

¢ The physician should counsel patients on smoking cessa-
tionand reducing or eliminating other risky behavior such as
drug and alcohol abuse, as these interventions will promote
the overall health of the patient and will likely decrease the
risk of complications in those treated both operatively and
nonoperatively [overall quality: moderate-high]

Question 2: When should orthobiologics be
used in the acute setting?

Case 1 clarification

When examining our patient we noticed a small irregular
scar approximately 3cm in length over the site of the frac-
ture. The patient informs us that at the time of the injury
he had a bleeding wound at that site.

Case 2 clarification
Our patient decides to have anterior cervical discectomy
and fusion at C5-6 with a staged fusion of L3—4 and L4-5
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through either a combined anterior and posterior approach
or through a posterior only approach.

Finding the evidence: fracture of the appendicular
skeleton

e PubMed (www.ncbinlm.nih.gov/pubmed/): “fracture
rhBMP-2,” “bone healing thBMP-2,” “bone healing OP-1”

Quality of the evidence (best available)
¢ Basic science: 11 animal studies

e LevelI: 4

e Level II: 1

Findings

Extensive research using rhBMP-2 in both rodents and
larger mammals indicates that it stimulates faster and more
robust fracture healing.'™'® However, there are only a
couple of clinical trials of rhBMP-2 use in human fractures.
Govender et al. conducted a large prospective randomized
study using rhBMP-2 that include 450 patients who had
sustained an open tibial shaft fracture.'”” Treatments were
standardized in that each patient had their fracture
managed with standard soft tissue management and the
fractures were definitively treated with an intramedullary
nail. Patients were then randomized to receive a type 1
collagen sponge containing either 0.75mg/mL or 1.50mg/
mL of rhBMP-2 or nothing at the time of definitive wound
closure. The primary outcome measure was return to the
operating room for a subsequent procedure within 12
months of the operation. Patients treated with 1.5mg/ml
of rhBMP-2 had a significantly decreased need for reopera-
tion. Secondary outcome measures of wound healing and
infection rates were also significantly improved in this
group. After the completion of this study, a subgroup anal-
ysis of Gustilo-Anderson type III open fractures, combined
with results of a concurrent and similar randomized trial
of 60 patients, found that initial treatment of an open tibia
fracture with thBMP-2 and either reamed or unreamed
intramedullary nailing reduced the rate of secondary pro-
cedures, including bone grafting, and reduced the risk for
infection by 48% (95% CI 8-70%).!® There are several con-
cerns with regard to the methods and outcomes in these
studies. In the larger group, the randomization process was
centralized, and resulted in heterogeneity between the
control and treatment groups. Patients treated with 1.5mg
of thBMP-2 were more likely to have reaming of the
intramedullary canal prior to insertion of the nail (41% vs.
27%). This may have favored the treatment group, as recent
randomized trial of reamed and unreamed nails in tibial
fractures found that in the subgroup of open fractures there
was a trend towards an increase in the use of dynamization
and drainage of hematomas when reaming was used (RR
1.16, p = 0.16)." A more recent study has called into ques-
tion some of the findings in the original. Aro et al. con-
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ducted a randomized study of 277 patients treated with
reamed intramedullary nailing with or without rthBMP-
2.1.1%° The study had planned to enrol 300 patients but was
suspended after a higher rate of deep infection was noted
in the thBMP-2 group (12 [9%] vs 3 [2%]). This increase in
deep infections was particularly prevalent in Gustilo-
Anderson type III injuries (7 [16%] vs 1 [2%]).

Jones et al. studied rhBMP-2 in combination with allo-
graft as a substitute for autograft in the treatment of tibia
fractures with critical-sized defects.” They defined these
defects as being 1-5cm in length and at least 50% of the
circumference of the diaphysis. Patients were initially sta-
bilized with either an intramedullary nail or external fixa-
tion. They randomized 30 patients and followed them for
12 months and measured the rate of union and patient
satisfaction using the Short Musculoskeletal Function
Assessment (SMFA). They found no difference in the rate
of union or satisfaction among the 24 patients (80%) who
were available at the final follow-up.

OP-1 (Stryker Biotech, Hopkinton, MA) has been studied
in both animal and human models and has been shown to
positively affect the healing of nonunions.”**'* However,
these positive findings were not confirmed in a randomized
trial of the treatment of distal radius malunions."" In the
study, 20 patients were randomized to treatment with either
OP-1 or autograft after corrective osteotomy of the distal
radius and dorsal plating. There was no difference in the
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Quality of the evidence (best available)
e Basic science: 12 animal studies

e Level . 7

e Level II: 2

e Level IV: 2

Findings
Pain and disability from degenerative spine disease, particu-
larly low back pain, is a tremendous burden on both patients
and society."? Treatment of this disorder s typically conserv-
ative, although fusion of the spine is an option for patients
who have failed conservative management. This can be
accomplished from an anterior, posterior, or combined
approach, and stability and fusion can be accomplished with
or without the use of instrumentation. The gold standard to
enhance fusion is autograft in the form of iliac crest bone
graft (ICBG), although there is reported morbidity associ-
ated with harvesting it, and the additional operative time,
blood loss, and postoperative pain make an “off-the-shelf”
bone-graft substitute product very attractive." In an effort
to decrease the need for autologous graft, orthobiologics
and allografts have been used with increasing frequency.
Animal studies have demonstrated the efficacy of
rhBMP-2 in spinal fusion."*""* Human studies have shown
similar benefits. One of the earliest published studies was
a pilot study for posterolateral spinal fusion. In this study
25 patients were randomized to either instrumented poste-

clinical outcomes at the final follow-up, although RABARIIMONEEGMion supplemented with either autograft or BMP-2

tigators did find that OP-1 use resulted in a significantly
longer time to union (18 vs. 7 weeks) and a higher rate of
partial union. In the autograft group, all 10 patients had
complete osseous union, while only 4 patients in the OP-1
treated group had similar results. These findings highlight
the risk of using orthobiologics for indications that have
not yet been tested, as the response in different anatomic
areas cannot be predicted based on previous studies.

Recommendation

The results of the available randomized controlled trials
indicate that thBMP-2 is effective at achieving bony union
in human subjects. The significant cost associated with the
use of bone morphogenetic protein (BMP) is a concern and
should prohibit its use in routine, closed fractures at this
time.

¢ On the basis of the existing literature, use of rhBMP-2 in
open fractures can only be recommended in high-energy
open tibia fractures treated with unreamed nails; there is no
data in other long bones or with other modes of fracture
stabilization [overall quality: high]

Finding the evidence: primary spinal fusion

e PubMed (www.ncbinlm.nih.gov/pubmed/): “spine
fusion rhBMP-2,” “lumbar fusion rhBMP-2,” “spine fusion
OP-1”

Openmirrors.com

or BMP-2 alone without instrumentation.'”” The rate of
fusion at 1 year follow-up was only 40% in the patients
treated with autograft, while 100% of the patients who
were treated with BMP-2 had achieved fusion. A larger
randomized study compared rhBMP-2 in an absorbable
collagen sponge carrier or ICBG in combination with a
structural allograft dowel for anterior lumbar interbody
fusion (ALIF)."”' The patients were followed for 2 years,
and at the final follow-up fusion was significantly greater
in the thBMP-2 treated patients (98.5 vs. 76.1, p < 0.001).
Revision procedures were also more common in the control
group, with eight patients returning to the operating room
as compared to only two patients in the thBMP-2 group.
Dawson et al. randomized 46 patients who underwent
posterolateral spinal fusion with instrumentation to receive
either thBMP-2 on an absorbable collagen sponge with a
ceramic granule bulking agent or autogenous ICBG. Their
results showed a trend towards improvements in clinical
outcomes and a higher rate of fusion in the rhBMP-2
group.'” A modification of the thBMP-2 carrier to include
a matrix that contained 15% hydroxyapatite and 85% beta-
tricalcium phosphate particles was developed, with the
evidence demonstrating that the new carrier would have
improved properties with respect to bone remodeling.'
Dimar et al. studied this new formulation in 463 patients
who underwent posterolateral instrumented fusion who
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were randomized to receive either autogenous ICBG or
rhBMP-2."* With regard to the index procedure, patients in
the ICBG group had longer operative times and greater
blood loss, although the length of hospital stay was com-
parable with the BMP-treated group. Follow-up at 2 years
was 89% and included both clinical and radiographic out-
comes. The rates of fusion were higher for rhBMP-2 at all
time points, with 96% achieving fusion by radiographic
parameters compared to 89% at 2 years (p = 0.014).

A cost analysis was performed in conjunction with a ran-
domized controlled trial of patients over 60 years of age who
underwent posterolateral lumbar fusion.'” The investiga-
tors found the final costs at 2 years were over $2000 higher
per patient for those treated with autogenous ICBG. It was
suggested by the authors that the increased costs in the ICBG
group may have been related to the insignificant increased
rate of nonunion and subsequent revision operations. Other
nonrandomized or retrospective studies have also found
high rates of fusion with the use of thBMP-2 in lumbar
fusions that were comparable to autogenous ICBG."***

Initial studies in spinal fusion surgery using OP-1 were
for posterolateral fusion in patients with degenerative
spondylolisthesis. Results were comparable to historical
controls and complications were minimal."®'® These
reports were followed by a randomized controlled trial that
included 335 patients treated with posterolateral fusion for
degenerative spondylolisthesis.”®! The patients were rand-
omized in a 2:1 fashion to receive either OP-1 putty or
autogenous ICBG as the sole means of fusion. The use of
OP-1 was associated with shorter operative times as well
as less intraoperative blood loss. When the investigators
analyzed patients with more than 36 months of follow-up
they found that clinical and dynamic radiographic param-
eters were comparable. What was seen was a significant
difference in the presence of new bone in the intertrans-
verse process region as measured by CT scan, with only
56% of the OP-1 putty group showing bridging bone com-
pared to 83% of the autograft group. This difference did
not translate into a clinical difference, particularly in rela-
tion to revision procedures. The authors also noted a tran-
sient increase in OP-1 antibodies, although they reported
no evidence of systemic toxicity from this.

Recommendations

The large numbers of randomized studies indicate that
rhBMP-2 is effective in achieving fusion and this rate of
fusion is superior, or at least equivalent to, that achieved
with ICBG.

¢ While clinical outcomes appear equivalent, the cost anal-
ysis reported by Carreon et al. supports the use of thBMP-2
as a potential cost-saving measure in lumbar fusion [overall
quality: moderate-high]'*

* The trials have shown equivalent clinical outcomes
when OP-1 is used as an adjunct to posterolateral fusion,
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and although they did show shorter operative times and a
decrease in blood loss in comparison to use of ICBG, the
magnitude of these differences and the costs associated
with the use of OP-1 do not warrant its use as a standard
treatment at this time [overall quality: moderate-high]

Question 3: What orthobiologics are
recommended for healing of recalcitrant
nonunions?

Case 1 clarification
Our patient has persistent pain at the site of the fracture.
Imaging shows an atrophic nonunion at the site of injury.

Case 2 clarification

Our patient returns for the 2 year follow-up with continued
pain in the lumbar spine. Imaging confirms a pseudoar-
throsis of both operative levels.

Finding the evidence: nonunion of long bones
e PubMed (www.ncbinlm.nih.gov/pubmed/): “nonun-
ion OP-1,” “fracture nonunion thBMP-2"

Quality of the evidence (best available)
¢ Basic science: 6 animal studies

o Levell: 1

e Level IV: 4

Findings

BMP-7, also known as osteogenic protein-1 (OP-1), is a
member of the TGF-P superfamily that has been shown to
be involved in fracture healing. This molecule shows an
increase in expression during enchondral ossification, and
has been shown to strongly induce osteoblastic differentia-
tion.'®"* The strong association between fracture healing
and OP-1 expression led to human clinical studies to rescue
nonunions, potentially through the stimulation of local
osteoprogenitor cells. The first randomized study using
OP-1 was conducted by Friedlander et al. in which 124
patients were randomized to receive either autograft or a
type 1 collagen sponge containing thOP-1 (OP-1) at the site
of nonunion.” During the initial 9 months, 81% of the OP-1
treated patients and 85% of the autograft treated patients
were able to bear full weight, an indicator for clinical union.
Giannoudis et al. retrospectively reviewed a prospectively
collected database of 45 patients treated with a combina-
tion of autologous bone graft and OP-1." This study
included a mix of fracture locations, including 19 tibia frac-
tures and 7 humeral and 19 femoral nonunions. Each of the
patients had failed at least one previous attempt to achieve
union. In this series of recalcitrant nonunions, all of the
patients proceeded to unite at an average of 6.8 months
(range 4-16). Pelvic pain from the donor site was the most
common complication and was seen in six patients, fol-
lowed by superficial wound infections in three patients
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that resolved with a short course of antibiotic treatment.
They also noted an absence of deep infections, which is
usually high in revision fracture fixation.'

There has been an increase in the published reports of
patients treated with OP-1 for nonunions in areas other
than the tibia. In an industry-sponsored study of 23 patients
treated for humeral atrophic nonunion, Bong et al. found
that supplementation with 3.5 mg of OP-1 resulted in union
in all patients after revision surgery."” There were several
problems with the design of this study, including the large
variation in the type of bone graft used and the type of
fixation employed. Pelvic nonunions and instability can be
a source of significant pain. OP-1 was tested as a potential
adjuvant in the treatment in these patients. A series of nine
patients—four post traumatic nonunions, four patients
with postpartum pelvic instability, and one patient with a
significant bone defect after sacroilliitis—were treated sur-
gically and supplemented with OP-1."*® Overall, this group
of patients had undergone an average of 1.6 procedures
and had to have a preoperative bone defect of at least 2cm.
Three of the patients with postpartum instability had failed
autogenous bone grafting. Union was achieved in eight
cases at a minimum follow-up of 12 months.

Recommendation
The limited numbers of randomized studies showing a
significant difference in the rate of union with the use of
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autograft in patients who had a previous spinal pseudoar-
throsis and/or were at high risk for nonunion. They were
able to show an 80% rate of union at the 2 year follow-up.
There were no significant events relating to OP-1 use,
although they did note asymptomatic linear opacification
in the soft tissues, resembling heterotopic ossification.

rhBMP-2 has also been tested in the spine as an alterna-
tive to autologous bone graft. It has been used in combina-
tion with MasterGraft™, a medical grade combination of
15% hydroxypatite and 85% beta-tricalcium phosphate.'®
The graft must be used in combination with supplemental
posterior fixation and can be used for two or more levels.
Two studies'*'* as well as a pilot clinical trial*® were the
impetus for the approval of this product by the U.S. Food
and Drug Administration (FDA) . In the clinical trial, 25
patients received INFUSE/MasterGraft and 21 control
patients receiving autograft. The rate of pseudoarthrosis
was found to be 4% in the patients treated with INFUSE/
MasterGraft while 9.5% of patients in the control groups
suffered from this complication. Adverse events were
similar between each group.

Recommendation
Spinal pseudoarthrosis is a difficult problem to address.
The available evidence suggests that both OP-1 and rhBMP-
2 may have benefits in patients at risk for continued non-
union after revision.

OP-1 make it difficult to recommend it for useo'pégpgirrors_@bmtients at risk for continued nonunion after revision,

bones, when other alternatives are available. Reports from
our experience'” and others'’ in the upper extremity give
concern when considering using OP-1.

¢ There is a need for more randomized studies, particu-
larly in the upper extremity, to elucidate the safety and
efficacy of OP-1 before expanded use can be recommended
[overall quality: moderate-low]

Finding the evidence: spinal pseudoarthrosis

e PubMed (www.ncbinlm.nih.gov/pubmed/): “nonun-
ion spine rhBMP-2,” “pseudoarthrosis spine rhBMP-2,”
“nonunion spine OP-1,” “pseudoarthrosis spine OP-1”

Quality of the evidence (best available)
¢ Basic science: 1 animal study

e Levell: 1

e Level IV: 4

Findings

Fusion of the spine can result in pseudarthrosis, and when
pain is present, revision fixation is usually indicated.
Grauer et al. developed a spinal pseudoarthrosis model in
New Zealand white rabbits."! The investigators compared
OP-1 to autograft in these animals and found an 82% rate
of fusion for OP-1 compared to 42% for autograft. Furlan
et al."? prospectively enrolled 30 patients scheduled for
posterior spinal fusion to evaluate OP-1 as an adjuvant to
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and when ICBG is not a reasonable option, then the use of
either OP-1 or thBMP-2 can be recommended, in light of the
lack of other alternatives [overall quality: moderate-high]

Question 4: What rules govern the use of
orthobiologics?

Cases 1 and 2 clarification

Neither patient wants to have autograft taken from their
“hip” as they have heard that the pain after this procedure
can be permanent and debilitating.

Regulatory process

The approval process for new drugs and medical devices is
an expensive proposition for pharmaceutical companies,
estimated to cost $0.8-1.7billion."” Separate agencies regu-
late this process in each country. In the United States, the
FDA is responsible for reviewing and approving new
medicaltreatments. The European Medicines Agency (EMA)
is the FDA equivalent in for the European Union (EU), while
China regulates new drugs through the State Food and Drug
Administration (SFDA). In the case of rhBMP-2, marketed
as Infuse™ in the US and InductOs in Europe (Medtronic
Sofamor Danek. Inc, Minneapolis, MN), it was first granted
a community market authorization for use for open tibia
fractures treated with an intramedullary nail in Europe after
a centralized application was reviewed by the Committee
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for Human Medicinal Products (CHMP). This committee is
made up of delegates from each EU member state and a
network of over 3,500 experts.'”” Two other processes, the
mutual recognition procedure and the decentralized proce-
dure, are available for achieving approval, although all
biotechnology substances must use the centralized proce-
dure.Onceadrugorsubstancereceivesapproval,asummary
of product characteristics (SmPC) is published and includes
such information as therapeutic indications, dosing, and
any warnings. This information is updated as new informa-
tion is published or new indications are granted.

In the US, the approval process proceeds in one of two
ways, depending on the results of the clinical trial and the
perceived and known risks and benefits, and results in the
product receiving one of two designations. The different
mechanisms for approval have important implications on
how a drug can be used and marketed. Infuse was granted
a pre-market approval (PMA) by the FDA shortly after its
approval in Europe for a similar indication with regards to
open tibia fractures. It has also received PMAs for anterior
single-level lumbar spinal fusion and certain oral maxil-
lofacial and dental regeneration procedures."**'*° The PMA
allows the device to be used as the surgeon deems appro-
priate but sets regulations on how the company can market
the product.

The other designation that a device or drug may receive
is a Humanitarian Device Exemption (HDE). This is a
much more complicated designation, and is used when
safety has been established in clinical trials but efficacy
remains in question. The FDA uses this as a way to approve
products quickly for use in patients in whom there are few,
if any, feasible alternatives. thBMP-7 (OP-1™, Stryker
Biotech, Hopkinton, MA) has received an HDE for two
indications. These include “use as an alternative to autograft
in recalcitrant long bone nonunions where use of autograft
is unfeasible and alternative treatments have failed”"' and
in spinal fusion surgery in patients who “have failed a
previous spinal fusion surgery, and are not able to provide
their own bone or bone marrow for grafting because of a
condition such as osteoporosis, diabetes, or smoking.”'>
The approval is further limiting in that the use of OP-1 is
restricted to only 4,000 cases per year in the US.

Question 5: What are the reported risk factors
with the use of the various FDA/EMEA
approved orthobiologics?

Case 1 clarification
The patient is treated with revision intramedullary nailing
and OP-1 with allograft.

Finding the evidence

e PubMed (www.ncbi.nlm.nih.gov/pubmed/): “rhBMP-2
complications,” “OP-1 complications”
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Quality of the evidence (best available)
¢ Level IV: 11

Findings

Complications have been reported with the use of both
BMP-2 and OP-1. These have ranged from case reports of
heterotopic ossification'” to increased risk of postoperative
swelling.”™ Some have suggested that the use of BMPs
should be restricted to patients who are older than 18 years
of age and who are not pregnant or expecting to be preg-
nant in 1 year, based on the supposition that its involve-
ment in growth and development could negatively affect a
developing child or fetus.” There is no clinical evidence to
support the concern in younger patients, and in fact two
groups have used BMP-2 in the repair of oral and maxil-
lofacial surgery in at total of 53 patients less than 18 years
of age (range 6-14) without short-term complications,
other than transient increased swelling of the gums during
the first postoperative week."'* With regard to the restric-
tions in women of childbearing age, there is evidence from
in-vitro studies on both mice and humans that BMP-2
expression, through activation of a Wnt4 signaling pathway,
is involved in the early development of the fetus and par-
ticularly the process of decidualization.'” BMP-2 has also
been shown to be involved in stimulating vascularization

of tumors’™*

as well as preventing apoptosis in breast
and thus there is a theoretical reason to avoid

use in patients with active malignancy or in areas of

cancer cells'®

resected tumor.

Each of the BMPs in clinical use has been associated
with the formation of heterotopic bone. Wysocki and
Cohen reported on a single case of triceps ossification after
application of OP-1 for nonunion of a distal humerus frac-
ture.'! A similar report of four cases in the upper extrem-
ity was reported by Axelrad et al.”” OP-1 was used in
three of the cases, while BMP-2 was involved in one case,
and all cases involved the humerus. The radiographic
appearance of the heterotopic ossification (HO) indicated
that it was following the fascial planes, similar to the plane
of surgical dissection. In a series of 23 humeral nonunions
treated with OP-1, one patient suffered from development
of HO around the shoulder that was reported as painful
and restrictive.'"” Boraiah et al. retrospectively reviewed
40 patients treated for tibial plateau fractures.® Each
patient underwent open reduction and internal fixation
with metaphyseal defects treated with freeze-dried fibular
allograft supplemented with BMP-2 in a collagen sponge
carrier or bone void filler. The relative risk of developing
HO was 14 (p < 0.001) in patients treated with BMP-2.
Four patients treated with BMP-2 required surgical
removal of the HO. Similar findings have been seen in
spine surgery, although none of the reported cases have
resulted in removal of the new bone or long-term
sequelae.'®>'%
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The two approved BMPs are members of the TGF-
family, and part of the mechanism of action is through
stimulation of the inflammatory process. Crawford et al.
reviewed rhBMP-2 use in posterior cervical fusion proce-
dures and found an increased rate of wound complica-
tions, although the number only approached significance
(p = 0.113)." They proposed that this finding was related
to a local inflammatory reaction induced by rhBMP-2. It
is not surprising that there are several reports of postop-
erative swelling associated with its use.''**¥ Sheilds et
al. reported a 18.5% complication rate related to postop-
erative swelling after ACDF with INFUSE® graft.'"® This
included 15 (8.6%) patients with hematoma, 8 of whom
required a return to the operating room for evacuation. A
similar review of 234 patients found a clinically signifi-
cant increase in the rate of swelling, with only a 3.6% rate
seen in the patients treated with autograft or allograft
alone.'®’

Summary of recommendations

¢ With regards to the use of orthobiologics to stimulate
fracture healing, the current evidence does not support
treating elderly patients with fractures differently than any
other group of patients

¢ Diabetic patients deserve special attention with regards

to management of lower extremity fractures, witHPRERHRIITOrS.C

lar attention to wound care, peripheral vascular disease,
peripheral neuropathy, and renal disease

¢ The prevalence of endocrine abnormalities, as well as the
need to treat these conditions regardless of their effect on
bone healing, should alert the treating physician to recog-
nize patients at risk early in the treatment of fractures

¢ For HIV-infected patients, the available evidence sug-
gests a trend that Gustilo-Anderson type II and III frac-
tures are at an increased risk of infection and possibly
nonunion

¢ Obesity alone is not an indication for the use of an ortho-
biologic agent

¢ The physician should counsel patients on smoking ces-
sation and reducing or eliminating other risky behavior
such as drug and alcohol abuse, as these interventions will
promote the overall health of the patient and will likely
decrease the risk of complications in those treated both
operatively and nonoperatively

¢ Use of thBMP-2 in open fractures can only be recom-
mended in high-energy open tibia fractures treated with
nails; there is no data in other long bones or with other
modes of fracture stabilization

¢ Cost analysis supports the use of rhBMP-2 as a potential
cost-saving measure in lumbar fusion

¢ The use of OP-1 as a standard treatment is not warranted
at this time

Openmirrors.com
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¢ There is a need for more randomized studies, particu-
larly in the upper extremity, to elucidate the safety and
efficacy of OP-1 before expanded use can be
recommended.

¢ In patients at risk for continued nonunion after revision,
and when ICBG is not a reasonable option, then the use of
either OP-1 or thBMP-2 can be recommended, in light of
the lack of other alternatives

Conclusion

The evidence regarding the use of orthobiologics is slowly
evolving. Currently, the expanding use of these products is
reflected in an increasing number of case reports and series
that evaluate the treatment of nonunions in areas of the
body for which the product has not been tested. Long-term
follow-up and larger-scale randomized trials will need to
be conducted to confirm the safety and efficacy of these
procedures, as well as the cost benefits when compared to
current practice standards.
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Case scenario

A 54 year old woman, who works as an accountant and is
normally active and independent, complains of increasing
pain in her right groin. She can no longer play golf, and is
having difficulty sleeping. Radiographs show significant
loss of joint space as a result of osteoarthritis, and she has
restricted flexion and internal rotation of her hip. She
has made the decision, alongside her surgeon, to proceed
with total hip arthroplasty.

202,500 in 2003 to at least 572,000 by 2030.% This increase in
numbers of THRs is the result of a trend for operating on
younger patients earlier in the disease, population expan-
sion, and ageing of the population. In the UK the percent-
age of the population over the age of 65 years is increasing
from 16% in 2008 to a projected 23% by 2033.* In the USA
in 2004 there were 36.3 million people aged over 65, and
by 2050 this figure is projected to reach 86.7 million.?

Dislocation

Orientation of THR, in particular of the acetabular compo-

OpenmirrorgeaQRbrrelates with the risk of dislocation. Original work

Relevant anatomy

Alignment of total hip arthroplasty is important to reduce
the risk of dislocation of the implant, and also to minimize
edge loading and accelerated wear of the bearing surfaces.
This chapter focuses on the role of navigated surgery to
improve the alignment of hip arthroplasty or hip resurfac-
ing. The orientation of the acetabulum is best described in
operative terms as inclination in the coronal plane (rotation
around the AP or sagittal axis), and anteversion (rotation
around the transverse axis).

Importance of the problem

A large number of total hip replacements (THR) are per-
formed annually in many developed countries. In Canada
(2006-2007)" 24,000 were performed, and data in the from
the UK joint registry recorded 71,000 THRs in 2008.2 There
is a trend towards increasing number of both primary and
revision THRs. Extrapolation of data from the USA sug-
gests that number of primary THRs will increase from

by Lewinnek et al.® demonstrated a “safe zone” where the
acetabular component could be inserted with a lower risk
of dislocation. This zone was 40° abduction +10° and 15°
anteversion £10°. Subsequent work supports a lower angle
of abduction, resulting in a lower rate of dislocation.’
Dislocation following total hip replacement varies widely
between publications but in most series is between 1-3%.
Data from the New Zealand joint registry highlights dislo-
cation as the most common reason for revision THR
between 1999 and 2006.%

Wear

In addition to the increased risk of dislocation with poor
acetabular component orientation, considerable evidence
exists for an increase in wear of the joint surfaces and oste-
olysis. Anumber of studies have demonstrated lower poly-
ethylene wear rates when the abduction angle is less than
45°°1 Additionally, a higher cup inclination angle has
been associated with pelvic osteolysis.”? As we move
towards alternative bearing surfaces the same trend for
greater wear (as measured by metal ion concentration) has
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Figure 14.1 Acetabular inclination and anteversion (operative).

been demonstrated with a higher abduction angle,'*'* and

in one study by a higher anteversion angle." Since signifi-
cant osteolysis may lead to revision, acetabular orientation
can be correlated with a clinical outcome.

Defining acetabular component position

A multitude of terms are used to describe acetabular orien-
tation, with inclination and anteversion being the most
widely accepted (Figure 14.1). The orientation relates to the
acetabular axis, which is perpendicular to the plane of the
socket face. Most of the literature on acetabular orientation
relates to measurements taken from a supine AP pelvic
radiograph, but this measurement may differ to the position
at the time of surgery when the pelvis may lie in a different
plane, or the functional position when the patient is mobile.

When using navigation or CT, the orientation of the
acetabulum is referenced to the anterior pelvic plane (the
plane subtended by the pubic tubercles and the anterior
superior iliac spines). It is important to note that this may
not always be aligned with the coronal plane, and will
therefore affect the measured anteversion of the cup.”
Additionally, if CT is used to measure component position
then it may be based on the anatomic definition of antever-
sion and inclination as described by Murray,' or it may use
the radiographic definition. Using the anatomic definition
of cup orientation will increase the measured inclination
and anteversion.

As measured cup position on CT scan references off the
anterior pelvic plane (APP), this correlates well with
Lewineek’s work as he attempted to standardize radio-
graphs using a tripod level externally applied to the APP.
Since conventional radiographs are normally aligned with
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the coronal plane rather than the APP, any degree of pelvic
tilt will affect the measurements taken on the AP radio-
graph. If the radiograph is centered on the pubic symphy-
sis, rather than the hip, the anteversion is affected by
divergence of the x-ray beam. Additionally, some investi-
gators' have used standing AP pelvic radiographs (which
will alter pelvic tilt compared to supine films), arguing that
this represents a more functional position. The vast differ-
ence in terminology and radiographic techniques in deter-
mining acetabular component position is problematic and
certainly confounds comparison between studies.

An extremely large body of information on hip surgery
and navigation is available to surgeons and the general
public over the internet: a Google search returns more than
489,000 hits when the search terms “navigation” and “hip
surgery” are entered. The variability in quality of the avail-
able information necessitates reference to good-quality,
evidence-based literature.

Top five questions

1. Does navigation improve component alignment follow-
ing hip arthroplasty?

2. Which type of navigation should be used and how
should the patient be positioned?

3. When should navigation be used?

4. Does navigation improve alignment in hip resurfacing?

5. Does navigation improve clinical outcomes following
THR?

Question 1: Does navigation improve
component alignment following hip
arthroplasty?

Case clarification

The patient and surgeon in question are anxious to avoid
complications following elective THR irrespective of time
or costs involved. Would the use of navigation reduce the
likelihood of poor alignment?

Relevance

If the acetabular component is poorly aligned then the
patient may be predisposed to a higher risk of dislocation
or increased wear.

Current opinion

Hip navigation is likely to reduce the number of cups
placed at the extremes of alignment compared to conven-
tional surgery.

Finding the evidence
¢ Cochrane Database: under the search terms “hip AND
navigation OR computer”
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e PubMed (www.ncbinlm.nih.gov/pubmed/) clinical
queries search/systematic reviews: hip AND navigation
OR computer

e MEDLINE search identifying the intervention (hip
arthroplasty or hip replacement or hip resurfacing). We
used the keywords “computer assisted” OR “navigation”
¢ The search was focused to exclude papers not directly
related to alignment of hip replacement

Quality of the evidence
Level 1

* 1 meta-analysis

¢ 3 randomized trials

Level 11
¢ 1 randomized trials with methodologic limitations

Level 111
¢ 4 case control studies

Level IV
e 3 case series

Findings

The articles from our search were narrowed down to those
with the best quality of evidence. The main focus of concern
is acetabular orientation, since this is technically the most
error-prone step in THR. No Cochrane reviews were identi-

trolled trials (RCTs) exist. Additionally, there are four
comparative series. The best evidence is summarized in
Table 14.1. The remainder of the studies were either case
series or based on model or cadaveric work and therefore
represented a lower quality of evidence. We included all
techniques of hip navigation (CT based, fluoroscopic, and
imageless), and all hip approaches.

Evaluation of the final component position was per-
formed using CT scan in the studies by Kalteiss et al."® and
Parratte et al."” In contrast, the study by Leenders et al.”
used standing AP pelvic radiographs centered on the pubic
symphysis and only measured cup inclination, not cup
anteversion. However, since cup inclination can be more
reliably measured and the same technique was used in
both groups, the results of their study are noteworthy. It
should be remembered that measured cup anteversion on
plain radiograph is affected by pelvic tilt and rotation and
is more difficult to assess accurately. There is consistent
reduction in outliers (as defined by Leewineek et al.®) using
either CT or imageless navigation. Since we are interested
in avoiding cups placed outside the “safe zone,” this would
appear to be more valid than looking at the mean cup
inclination and anteversion. All of the studies have
analyzed either variance of the measured values from
the safe zone or absolute numbers outside the safe zone.
The study by Leenders et al.* included three cohorts of
patients, the first of which was performed freehand, while

fied, but a single meta-analysis and three randomIRIRUITONHEQIbsequent two were randomized to either freehand

Table 14.1 Best evidence comparing hip navigation with free hand

Author Type of study Technique N navigated N control Results P value
Gandhi et al."” Meta-analysis (3 ?various 140 110 Odds ratio 0.285 <0.001
studies)
Kalteiss et al.'® RCT CT/imageless/ 30 + 30 30 Outliers 53% vs. 17% (CT) vs. 7% <0.001
control (imageless)® vs. control
Leenders et al.?° RCT CT/control 50 50 Reduction in outliers/reduced SD NS
Parratte et al." RCT Imageless/control 30 30 57% outliers vs. 20% <0.002 y?
of outliers
Lazovic et al.?! Comparative series Imageless/control 127 110 Outliers 2.7% vs. 0.8% Not given
(inclination) and 7.3% vs. 2.4%
anteversion
Sugano et al.?? Comparative series CT/control 59 111 Outliers 28% vs. 0% <0.0001
Haaker et al.?® Comparative series Imageless/control 98 69 Outliers (aneteversion) 28% vs. 7% <0.0001
Najarian et al.* Comparative series Imageless/control 50 + 50 55 NS difference between control and =0.025
1st cohort nav. P = 0.025 between
control and 2nd cohort
NS, not significant.
2P = 0.067 CT-based vs. imageless.
121
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Table 14.2 Additional randomized controlled trial (Reproduced with kind permission from Springer Science+Business Media: Babisch J, Layher F,
Sander K. Chapter 44: Imageless cup and stem navigation in dysplastic hips with the navitrack and vector vision systems.pp.344-51. Navigation and

MIS in Orthopaedic Surgery: Springer Heidelberg 2007.)

N cases Outliers—inclination® Outliers—anteversion Dislocations 10° liner used
Freehand 37 6 2 1 6

(2 missing CT)
Navigated 37 0 1 0 1

(12 missing CT)

2>10° from optimum position.

technique or navigation. There was a reduction in outliers
comparing groups 2 and 3, which did not reach statistical
significance, while both groups 2 and 3 were significantly
better than the first cohort.

An additional clinical study is that by Babisch et al.”
Although this was a randomized trial of imageless naviga-
tion vs. control, unfortunately its quality is significantly
reduced by having follow-up CT data for only 60 of the 74
patients. The results of this study are summarized in Table
14.2.

Once again this study shows a reduction in outliers in
the navigated group, and additionally a lower use of lipped
liners. Numerous other studies have validated the use of
other navigation systems by performing a series of cases
followed by postoperative CT, while anumber of laboratory-
based studies compare cup position with navigation and
freehand methods. Almost universally these studies dem-
onstrate improved alignment with the navigation. It is
worthwhile mentioning some of the earliest work per-
formed by DiGioia et al.,”* who demonstrated orientation
outside the safe zone in 59 of 74 cups aligned using a con-
ventional mechanical guide, using a CT-based navigation
system as the control.

In summary, by reducing the number of outliers, naviga-
tion does appear to improve acetabular component posi-
tion following THR. However, it is worth considering two
further issues. First, although the studies demonstrate
improved positioning of the cup (placed where the surgeon
had planned), given our concerns about pelvic tilt and the
change in orientation of the acetabulum in a functional
position (standing, walking, etc.), we may be no further
forward in placing the cup in the ideal position for each
patient; secondly, radiographically measured alignment is
a surrogate measure of success, but it remains unclear
whether this leads to an improvement in clinical outcomes
(discussed in Question 5).

Furthermore, since positioning the cup in a predeter-
mined position may not be ideal for all patients, perhaps
navigation should be used to assess the range of movement
with cup and stem in situ, look for impingement, and
confirm restoration of leg length and offset.?* >
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Recommendation

For patients undergoing THR, evidence suggests:

¢ Navigation reduces the number of acetabular compo-
nents placed outside the “safe zone” [overall quality:
moderate]

Question 2: Which type of navigation should
be used and how should the patient be
positioned?

Case clarification

Having decided to proceed with a navigated hip replace-
ment, the surgeon wants to establish what is the best posi-
tion to have the patient in to optimize the navigation, and
which navigation technique to employ. The surgeon nor-
mally operates with the patient in the lateral decubitus
position.

Relevance

Changing the technique which a surgeon normally employs
for THR may increase complications in the learning curve.
There are three different navigation techniques which are
widely available.

Current opinion
Hip navigation must be performed with the patient supine
and is most accurate using a CT-based system.

Finding the evidence

The best-quality studies identified for question 1 were re-
evaluated. Additionally, further Level IV evidence was
evaluated:

e 8 case series

Findings

Navigation concepts Hip navigation systems have evolved
from the early systems which were based on a preoperative
CT scan which is then mapped into the navigation software
to create a virtual pelvis. During the surgery a solid refer-
ence array must be placed in the ilium, and then, using a
pointer imaged with an infrared camera, key points on the



CHAPTER 14

* Navlgol_n nu_e’abum >

Superior

(oo Jposiionll
| 45" 20|

Abduction Anteversion

Medial Anterior

Figure 14.2 Use of navigation for component positioning.

TR

pelvis are acquired. Eventually, through acquisition of suf-
ficient points the navigation system software is able to
correlate the pelvis mapped out on the surgery table with
the virtual pelvis. The representation of the pelvis then
appears animated on a screen, and with an array attached
to the surgical instruments, the acetabular component can
be reamed and seated (Figure 14.2). Greatest accuracy is
obtained if the points acquired closely match the virtual
pelvis and the points are obtained at maximum separation.

The Role of Computer Navigation in Total Hip Arthroplasty

With increasing frequency, however, THR is performed
in the lateral decubitus position. In particular, the posterior
approach cannot be performed with the patient supine,
which arguably may preclude the use of navigation. In
response a number of techniques have evolved to allow
acquisition of the frontal plane of the pelvis while operat-
ing on the patient in the lateral position. The simplest of
these involves setting the patient up in the lateral position,
performing surgery in a conventional manner and using
fluoroscopy to acquire the pubic tubercles and contralateral
ASIS. This technique has been employed by a number of
surgeons.” Alternatively, the patient can be placed
supine, have the reference array placed on the ipsilateral
ilium percutaneously and remote to the surgical field, fol-
lowing which acquisition of the frontal plane is performed
before final positioning and aseptic preparation of the
patient. In future, it may be possible to use navigation
without acquiring the frontal plane of the pelvis, and rather
to utilize more points around the acetabulum and the
transverse acetabular ligament.

Evidence for the techniques The best clinical studies identi-
fied (one meta-analysis, three randomized controlled
trials, and four comparative series) have been stratified
by the technique employed and the patient position (Table
14.3).

While all of the RCTs have positioned the patient supine

Conventionally the frontal plane of the pelvis is RP@RIRIITOrE@QMployed a lateral or anterolateral approach, there is

acquired together with additional points around the
acetabulum.

In contrast, imageless systems do not require the use of
specialized preoperative imaging or the use of ionizing
radiation during the surgery. This system uses the same
technique of acquiring bony landmarks from the frontal
plane of the pelvis and the acetabulum, but does not match
this to the patient’s previously imaged virtual pelvis.
Instead, fluoroscopic systems utilize calibrated image
intensifier images obtained at the time of surgery to digi-
tize bony landmarks around the pelvis, and otherwise
acquire points within the surgical field in a similar fashion
to an imageless system.

Patient position Crucial to almost all of the systems in use
is to accurately map out the frontal plane of the pelvis. This
involves acquiring points from the contralateral side to the
surgical site; in particular, the contralateral anterior supe-
rior iliac spine (ASIS) and pubic tubercle must be acquired.
This is difficult to do with the patient in the lateral decubi-
tus position. The most straightforward solution is to
perform the surgery with the patient supine, and include
the contralateral pelvis in the surgical field. The added
advantage of the supine position is that it can control pelvic
tilt and pelvic rotation to some extent, and may therefore
facilitate acetabular positioning even without navigation.

Openmirrors.com

supportive evidence for the CT-based and the imageless
systems, although the imageless system in fact performs
better. Two of the studies clearly specify the patient is posi-
tioned laterally and have used the posterior approach.
Once again the findings are supportive of positioning the
patient laterally and using either technique, although only
the second cohort of patients having navigation in the
series by Najarian et al. was significantly better than the
historical controls.* Interestingly, Najarian et al. registered
the contralateral ASIS having already positioned the patient
in the lateral decubitus position, and it may be that this
limits the accuracy of the system, particularly in obese
patients. Additional support for the use of the lateral posi-
tion with navigation is available from validated case
series.®™

None of the above studies used fluoroscopy, although
this technique has been successfully employed by other
authors,* and lends itself to registration of the contralat-
eral pelvis when the patient is in the lateral position.

Summary

Good-quality evidence exists for the use of either CT-based
or imageless navigation systems. Although the quality of
evidence supporting the use of fluoroscopy is poorer there
are still a number of case series of its use, and validation
with postoperative CT.
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Table 14.3 Evidence for navigation by patient position and approach

Study Number of cases Technique Patient position Surgical approach Results P value
Kalteiss et al.'® 30 + 30 CT/imageless Supine Lateral Qutliers 53% vs. 17% <0.001
(CT) vs. 7% (imageless)® vs. control
Leenders et al.?° 50 CcT Supine Anterolateral Reduction in outliers/ NS
reduced SD
Parratte et al.” 30 Imageless Supine Anterolateral 57% outliers vs. 20% <0.002
Lazovic et al.?' 127 Imageless Supine Lateral (Hardinge) Outliers 2.7% vs. 0.8% Not given
(inclination) and 7.3% vs.
2.4% anteversion
Sugano et al.? 59 cT Lateral decubitus Posterior Outliers 28% vs. 0% <0.0001
Haaker et al.? 98 cT Not specified Anterolateral Outliers (anteversion) 28% <0.0001
vs. 7%
Najarian et al.?* 50 + 50 Imageless Lateral MIS posterior NS difference between =0.025

control and 1st cohort
nav. P = 0.025 between
control and 2nd cohort

2P = 0.067 CT-based vs. imageless.

Clearly not all departments will readily have access to
CT which can be transferred onto a navigation platform,
and there is an issue about the use of ionizing radiation if
it can be avoided. The imageless technique has the advan-
tage that minimal additional equipment is required, and it
is likely to appeal to those who are familiar with its use for
knee replacement surgery. The system is most accurate if
data is acquired with the patient supine or semilateral
before final positioning. However, this will prolong surgery
and for those who prefer to operate with the patient in the
lateral position the option exists to utilize fluoroscopy to
acquire the frontal plane of the pelvis.

Recommendation

For patients undergoing navigated THR, evidence suggests:
* CT based and imageless systems appear equally effec-
tive [overall quality: very low]

Question 3: When should navigation be used?

Case clarification

Having used the navigation system successfully for his first
case, the surgeon is unsure whether he should incorporate
navigation into all his cases or whether it should be used
only in specific cases.

Relevance

Introducing navigation for THR will increase operative
time and costs. As complication rates following THR

124

are low, introducing it for all cases may not be cost-
effective.

Current opinion
Hip navigation is time consuming and the benefit in intro-
ducing it for all patients would be marginal.

Finding the evidence

¢ Cochrane Database: under the search terms “hip AND
navigation OR computer”

e PubMed (www.ncbinlm.nih.gov/pubmed/) clinical
queries search/ systematic reviews: hip AND navigation
OR computer

e MEDLINE search identifying the intervention (Hip
arthroplasty OR hip replacement OR hip resurfacing. We
used the keywords “computer assisted” OR “navigation”
e Search results were focused to evaluate clinical case series
and clinical trials for length of surgery, and use of naviga-
tion in complex cases and minimally invasive surgery

Quality of the evidence
Level 1
¢ 2 randomized trials

Level 11
¢ 1 randomized trial with methodologic limitations

Level 111
® 3 case control study
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Level IV
® 4 case series

Level V
¢ 1 “bench” study
¢ 1 expert opinion

Findings

If navigation is to be used for all patients undergoing THR
then one of the potential concerns is the surgical time.
Studies that have compared surgery time with navigation
and control are shown in Table 14.4. All studies demon-
strate an increase in surgery time (ranging from 7 to
58 minutes per case), although one study comments on
lengthy computing time which added to the length of the
procedure.”” The study by Leenders et al.” comments on
an additional preoperative CT planning time of 20 minutes.
Three studies document blood loss in navigated and con-
ventional THR with no difference seen.!%?

Complex cases As a result of the increased surgical time
with the use of hip navigation, it is arguably not a viable
option for all cases; however, perhaps it has a role in more
complex cases. The prospective randomized trial by Babisch
et al.” employed navigation or control in a total of 74
patients with congenital hip dysplasia (CDH) (see Table
14.2). Although limited by not all patients having under-

gone postoperative CT to evaluate cup position, t@spﬁ{idi@il’l’or% ¢9

shows a considerable improvement in cup position, need
for 10° lipped liner, and also more accurate restoration of
planned leg length. There are other reports of the use of
navigation in dysplasia by Jingushi® (imageless) and
Ohashi® (CT-based). Where substantial deformity exists
preoperatively, then logically a CT-based planning and
subsequent navigation as described by Ohashi® would
seem to have clinical merit.

Table 14.4 Operative time

Study Study design Increase in surgical
time with navigation
vs. control (mean)

Kalteiss et al.'® RCT Imageless 7 min
CT 17 min

Parratte et al." RCT 12 min

Lazovic et al.?! Comparative series 11 min

Sugano et al.? Comparative series 58 min?

23 mins (19 min in
2nd cohort)

Najarian et al.** Comparative series

#Authors comment on lengthy computing time.

Openmirrors.com

In addition, navigation could also be considered for revi-
sion cases (where the anatomy of the acetabulum will be
distorted) where reference could still be made to the ante-
rior pelvic plane, perhaps leading to a decreased risk of
dislocation, a problem more common in revision surgery.

Training Hip navigation could be used in the training of
orthopedic residents. This may facilitate the transition from
the resident relying on the consultant to make the decision
about direction of reaming and final cup position, to learn-
ing to adjust the cup position independently with the use
of the navigation feedback. From work done by Gofton et
al.* there is evidence that hip navigation can improve accu-
racy of cup placement in early training and that this knowl-
edge can be retained following delayed retesting without
the navigation software.

Minimally invasive surgery Where a surgeon wishes to
perform THR using a minimal approach and where the
potential for incomplete visualization of the normal ana-
tomic landmarks exists,*’ then navigation may well have a
role in aligning not only the acetabulum but also the femur.
The study by Najarian et al.** employs a minimally invasive
single-incision posterior approach in both groups, and
navigation has been reported by other proponents of mini-
mally invasive hip surgery.**

Cost-effectiveness The main aim of using hip navigation is
ce revision rates following surgery from recurrent
dislocation or accelerated wear. Dislocation can result in
considerable excess cost with multiple trips to the operat-
ing room for reduction of the hip, and then a subsequent
revision surgical procedure.

Without good evidence clearly showing a reduction in
the risk of dislocation with navigation, it is difficult to
estimate the healthcare cost benefits. In order to be cost-
effective, the additional equipment and running cost of the
navigation, allied to the extended procedure time, would
need to be counterbalanced by a saving in terms of revision
surgery required. This calculation has been performed by
Slover et al.* for the use of navigation in knee surgery.
They have estimated that in larger centers, if a 2-2.5%
reduction in annual revision rate was achieved with navi-
gation, then over a 20 year period, computer navigation
would be cost-effective. Unfortunately, even in total knee
replacement (TKR), where navigation has been used for
some time, sufficient data on relative risk of revision
surgery for navigated and non-navigated TKR does not
exist. Data from large joint registries may be necessary to
demonstrate any true benefit to navigation.

Recommendations

For patients undergoing THR, evidence suggests:

® Operative surgical time is increased with the use of navi-
gation [overall quality: moderate]

125



SECTION 111 Joint Reconstruction / IILI Hip and Pelvic Reconstruction/Arthroplasty

* Blood loss is equal with or without navigation [overall
quality: very low]

Question 4: Does navigation improve alignment
in hip resurfacing?

Case clarification

The patient and surgeon in question decide to proceed with
hip resurfacing. This surgeon has performed limited
numbers of this procedure and is anxious to reduce the
error in placement of the femoral component. Would the
use of navigation reduce the likelihood of misplacement of
the femoral component?

Relevance

Both mechanical jigs and navigation are in use for guide
wire placement in the femoral neck during hip resurfacing;
there is no consensus amongst surgeons on the best
technique.

Current opinion

Hip navigation could readily be applied to directing the
guide wire for hip resurfacing, thus reducing the risk of
notching, oversizing the femoral component, or malposi-
tion of the femoral component (excessive varus or valgus).

Finding the evidence

¢ Cochrane Database: under the search terms “hip AND
navigation OR computer”

e PubMed (www.ncbinlm.nih.gov/pubmed/) clinical
queries search/ systematic reviews: hip AND navigation
OR computer

e MEDLINE search identifying the intervention (hip
arthroplasty OR hip replacement OR hip resurfacing.

Table 14.5 Use of navigation in femoral head resurfacing

We used the assisted” OR
“navigation”
¢ The search focused to include only papers relating to the

use of navigation in hip resurfacing

keywords “computer

Quality of the evidence
Level 111
® 5 case control studies

Level IV
® 3 case series

Level V
e 4 “bench” studies

Findings
Hip resurfacing is gaining increasing popularity as an
alternative to THR, but it is a technically demanding pro-
cedure to learn. In particular, acetabular exposure can be
difficult as a result of the femoral head being left in situ,
and, additionally, it requires careful placement of the
femoral component in slight valgus to reduce the risk of
femoral neck fracture while avoiding notching of the supe-
rior tension cortex. Upsizing of the femoral component
reduces the likelihood of the above complications but may
result in removal of more acetabular bone. Since resurfac-
ing of the femoral head is technically demanding, and is a
newer technique, it lends itself to computer navigation.
Studies which have compared the use of navigation and
freehand placement of the femoral guide pin are summa-
rized in Table 14.5.

The larger series published by Ganapathi et al.*® and
Resubal et al.* show a significant improvement in guide

Author Type of study N navigated N control  Results P value Additional time
with navigation
Schnurr et al.* Retrospective 30 30 NS neck shaft angle, 3 cases <130 in 15 min
comparison conventional group
Kruger et al.*’ Retrospective 9 9 NS diff 0
comparison
Ganapathi et al.®  Retrospective 51 88 38% 5° off planned stem shaft angle in <0.0001 6 min
comparison control vs. 0%. 4 notches in control vs. 0.
Resubal et al.* Retrospective 45 131 24% outliers for SSA vs. 0 0.001 n/a
comparison 3 notches vs. 0.
Seyler et al.*° Retrospective 47 49 Outliers of SSA reduced using navigation, n/a n/a
comparison NS difference in notching

NS, not significant; SSA, stem-shaft angle.
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pin placement with the use of imageless navigation. The
work by Seyler et al.”’ is limited by the fact that the planned
preoperative stem-shaft angle (SSA) for the mechanical jig
group was not recorded, and they were therefore unable to
analyze variability in planned and achieved SSA for the
conventional group. Their results did, however, graphi-
cally show a reduction in spread of SSA with the use of
navigation and additionally acceptable results achieved by
residents in training.

A number of studies’™ have performed comparison
between mechanical techniques and navigated techniques
(either imageless or CT-based), performed either on cadav-
ers or CT-based models. They have universally shown an
improvement in alignment with navigation compared to
control. Additionally there are three good-quality case
series in the literature demonstrating good results for
imageless navigation in resurfacing: Olsen et al.® (100
cases), Bailey et al.*® (37 cases), and Romanowski et al.” (71
cases).

Of note, there is no large prospective randomized trial to
answer this question, although this seems highly justified
as both conventional and computer-navigated techniques
are currently being used. On the basis of the weaker evi-
dence above, there appears to be an improvement in align-
ment in the coronal plane with the use of imageless
navigation, associated with an increase in time for the pro-
cedure of between 0 and 15minutes.

e PubMed (www.ncbinlm.nih.gov/pubmed/) clinical
queries search/systematic reviews: hip AND navigation
OR computer

e MEDLINE search identifying the intervention (hip
arthroplasty OR hip replacement OR hip resurfacing. We
used the keywords “computer assisted” OR “navigation”
* All clinical studies were reviewed for clinical outcomes
following navigated THR

Quality of the evidence
Level I
¢ 2 randomized trials

Level 11
¢ 1 randomized trials with methodologic limitations

Level 11T
e 3 case control studies

Level V
¢ 1 “bench” study

Findings

Patient-reported clinical outcome measures are the current
gold standard for assessing improvement with any new
intervention. Although the radiographic analysis of a new
procedure is important, it is arguably more critical that this

Openmirror&ijiﬁaht technique results in either a reduction in compli-

Recommendation

For patients undergoing hip resurfacing:

¢ Navigation improves the accuracy of femoral compo-
nent position [overall quality: low]

Question 5: Does navigation improve clinical
outcomes following THR?

Case clarification

The surgeon has been convinced of the evidence for
improved alignment using hip navigation, but he wishes
to know if there is any objective evidence of improved
clinical outcomes with the use of navigation.

Relevance

Objectively reported improvements in clinical outcomes
are the gold standard by which any new technique should
be evaluated.

Current opinion
There is no clinical evidence of improved outcome with the
use of navigation for total hip replacement.

Finding the evidence
® Cochrane Database: under the search terms “hip AND
navigation OR computer”

Openmirrors.com

cations for the patient or an objective improvement in func-
tion. This so called “improvement” is difficult to
demonstrate in THR, which is highly successful with a very
low complication rate.

Clinical outcome measures Babisch et al.”® compared Harris
hip score (HHS), Merle d’Aubigné and Postel score, SF-36,
and WOMAC between navigation and control groups in
dysplastic cases. No statistically significant difference was
seen in SF-36 or WOMAC, while the HHS and Merle
d’Aubigné and Postel score were both significantly better
in the navigated group. This study also reported on the
reproduction of the planned leg length at the end of the
procedure; as this was significantly improved in the navi-
gated group, it may account for the improvement in out-
comes above.

Other studies by Sugano et al.” (Merle d’Aubigné and
Postel hip score), and by Kruger et al.¥ (WOMAC, satisfac-
tion and HHS) both showed no significant difference
between groups. It is not surprising that simply improving
the alignment of the cup does not show a clear improve-
ment in clinical outcomes. Patients who have either sub-
luxation or frank dislocation of their THR may record a
better score but, as clinical experience shows, even patients
whose cup orientation is suboptimal frequently function
well. One should recognize that restoration of leg length
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Table 14.6 Dislocations

Authors N dislocations (cases at risk)
Navigated Control
Babisch et al.? 0 (37) 1(37)
Kalteiss et al.’® 0 (60) 1 (30)
Parratte et al.” 0 (30) 0 (30)
Lazovic et al.?' 4.7% (1st cohort) 6.4%

0.3% (2nd cohort)

Sugano et al.? 0 (59) 7 (111) P =0.049

and offset, rather than improved cup orientation, may well
improve patient satisfaction and perhaps represents the
greatest chance of clinical improvement associated with the
use of navigation.

Rate of dislocation As a marker for success in hip naviga-
tion, episodes of dislocation are a rigid endpoint which can
be evaluated. Those comparative studies in which there
were any dislocations are summarized in Table 14.6.

For most of the studies the dislocation rate is too low to
draw any meaningful conclusion. The dislocation rate in
the study by Lazovic et al.* is high in both the navigated
and control groups initially, but was considerably reduced
in a subsequent second cohort of navigated patients.
Sugano et al.” with a 6 year follow-up for the patients had
a significantly higher dislocation rate in the non-navigated
group. However, analysis of the acetabular position of
these cases showed that two of the cases were outside
Lewineek’s safe zone and five cases were inside, emphasiz-
ing how other factors such as head size and soft tissue
repair may influence dislocation. Sugano also noted evi-
dence of femoral neck impingement as demonstrated by
wear on follow up radiographs in five of the non-navigated
cases, and two further cases in the non-navigated group
had evidence of impingement after retrieval at revision
surgery.

Unfortunately, as the dislocation rate following THR is
low, it would take a large comparative study to convinc-
ingly show a reduction in dislocation with the use of
acetabular navigation.

Restoration of kinematics As discussed above, Babisch®
shows more accurate restoration of leg length with the use
of navigation, and similarly Sugano et al.? quote correct
restoration of leg length in 44 of the navigated cases and
incorrect leg length in 11 of 83 non-navigated hips (p = 0.01).
Unfortunately, Sugano does not explain the reason for
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incomplete follow-up of all the patients and the method of
assessment of leg length postoperatively. While the data
may be lacking, if navigation is used to assess leg length
and offset and to adjust it intraoperatively, one would
expect it to be accurate, and relatively straightforward. It
does not require insertion of a further array into the femur.

Petrella et al.®® have published on computer prediction
of impingment and range of movement based on digital
acquisition of a patient’s CT pelvis, and virtual planning of
acetabular component position. By varying the orientation
of the acetabulum, while keeping the center of rotation in
the same place, they have predicted the point of impinge-
ment (either implant to implant or implant to bone) of
inserting the cup in different orientations. They defined an
acceptable range of movement (ROM) of the hip as: flexion
90°, external rotation 30°, extension 15°, abduction and
adduction 30°. Using the variability in component position
from previous published work,"” they calculated that non-
navigated hips would impinge in 3-5% of cases before
achieving this ROM, but all of the navigated hips would
achieve this ROM.

Other complications Other problems have been reported
with navigation including loosening of the reference array,
breakage of the reference pin, and technical failure. Most
of the reported series noted an inability to complete the
navigated procedure in a small number of cases and felt
that this was part of the normal learning curve.

Recommendation
None.

Summary of recommendations

¢ Navigation reduces the number of acetabular compo-
nents placed outside the “safe zone”

e Operative surgical time is increased with the use of
navigation

¢ Blood loss is equal with or without navigation

¢ CT based and imageless systems appear equally
effective

e For patients undergoing hip resurfacing, navigation
improves the accuracy of femoral component position

Conclusion

Computer navigation has evolved from the early days of
slow, CT-based systems into more surgeon-friendly image-
less systems. Although it does add additional complexity
to the case, there is evidence that navigation can reduce
outliers compared to conventional acetabular preparation
and seating. Imageless systems appear to have good accu-
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racy and have the benefit of not requiring preoperative CT
scanning and planning, and the patient can be positioned
either supine or in the lateral decubitus position. There are
outstanding issues about the cost-effectiveness of naviga-
tion applied to all cases, and it is not yet possible to quan-
tify any benefits beyond radiographic positioning. While
navigation appears to be helpful in positioning the guide
wire in femoral head resurfacing, a good-quality clinical
randomized trial is needed to confirm the clear benefit of
navigation. For the future, it will be interesting to see how
hip navigation is incorporated into training of orthopedic
residents, and whether acceptable accuracy is obtained
simply by referencing from the ipsilateral pelvis. At present
the routine use of navigation for THR is not the standard
of care.
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Highly Crosslinked Polyethylene in Total

Hip Arthroplasty
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Case scenario

A 55 year old woman presents to an orthopedic surgeon
with advanced osteoarthritis in her right hip. She is able to
bear weight, but her gait is poor and overall activity is
extremely limited due to the pain in her hip. Conservative
treatment options are exhausted, but her pain persists so
she is scheduled for a total hip arthroplasty (THA).

Relevant anatomy

Openmirro

Endstage arthritis of the hip joint is often managed with
THA. In a THA the proximal femur of the hip is replaced
with a prosthesis, and the acetabular liner is placed inside
the acetabular cup. There are a number of options to choose
for this bearing interface, including highly crosslinked
polyethylene (HCLPE).

Importance of the problem

One of the main limitations of THA has been the longevity
of the bearing surface (Figure 15.1). Much work has been
invested in attempts at improving the bearing championed
by Charnley. Any change to the bearing surface raises the
potential for adverse unexpected outcomes. HCLPE has
been taken up broadly by the orthopedic community, just
as short-term results are becoming available. Joint replace-
ment registries have illustrated the extent of crosslinked
polyethylene in THA. The Canadian Joint Replacement
Registry (CJRR) reported the use of crosslinked polyethyl-
ene increased from 45% of hip replacements in 2002-2003

to 76% of hip replacements in 2006-2007." Furthermore,
surgeons reporting to the CJRR are using more 32mm
heads, up from 13% in 2003-2004 to 31% of THAs in 2006—
2007. Coupling this trend with a greater number of younger
patients undergoing THA and there certainly is a concern
for accelerated wear of THA.

Top four questions

Prognosis

1. Is HCLPE more resistant to wear than ultra-high molec-
r&t&%ight polyethylene (UHMWPE)?

2. Does the improved wear rate of HCLPE allow for the
use of larger femoral head sizes in THA?

3. Has the advent of HCLPE resulted in a decrease in the
prevalence of osteolysis after THA?

Harm

4. Can the use of HCLPE compromise mechanical
properties??

Question 1: Is HCLPE more resistant to wear
than UHMWPE?

Case clarification

The patient enjoys outside activities that may put high
levels of stress on the implant. Will she be better off in
terms of wear by having a HCLPE acetabular liner?

Relevance
UHMWPE that wears more than 0.1mm per year is at
higher risk of osteolysis and early implant failure.”
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Figure 15.1 AP and lateral views of bilateral hip replacements with
UHMWPE demonstrating advanced polyethylene wear and associated
osteolysis 16 years postoperatively in a moderately active woman.
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Current opinion

Both in-vivo and in-vitro studies have convincingly dem-
onstrated a reduction in wear rates when comparing
HCLPE with conventional polyethylene.

Finding the evidence
e Cochrane Database, with search term “cross linked
polyethylene”
° Revealed 0 hits
e PubMed (www.ncbinlm.nih.gov/pubmed/) clinical
queries search/ systematic reviews: “crosslinked” OR
“cross-linked” AND “polyethylene” AND “hip arthro-
plasty” AND “wear”
° Found 28 articles
e PubMed (www.ncbi.nlm.nih.gov/pubmed/) -sensitiv-
ity search using keywords “crosslinked” OR “cross-linked”
AND “polyethylene” AND “hip arthroplasty” AND “wear”
° Retrieved 70 articles with 47 potentially relevant

Quality of the evidence
Level 1
¢ 10 high-quality randomized controlled trials

Level 11
* 5 prognostic studies

Level 111
¢ 11 retrospective studies

Level IV
e 4 case series

Level V
¢ 10 case reports and expert opinion

Nonclinical
¢ 7 basic science

Findings

All the manufacturers report significant decreases in wear
rates, reporting 85-100% reductions in wear from hip simu-
lator data.> HCLPE was highly resistant to wear and per-
formed better than conventional polyethylene (i.e.,
UHMWPE that is not crosslinked) in environments that are
felt to increase wear such as the presence of third-body
wear particles and roughened femoral heads.**

In order to interpret the substantial amount of reported
data on HCLPE, a basic knowledge of the different methods
of measuring in-vivo wear of polyethylene is necessary.
There are manual techniques that rely on manual edge
detection to calculate the migration of the femoral head.
To improve accuracy and reproducibility, computer-aided
techniques have been developed.*” The most accurate
method of measuring wear is radiostereometry analysis
(RSA)."™" Studies looking at wear rates require follow-up
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Table 15.1 Summary of evidence for highly cross-linked polyethylene

Study Year Methods Wear Femoral Liner Follow-up Outcome
analysis  head size (years)

Ayers et al.? 2009 RCT RSA 28 mm Longevity 2 Penetration rate 0.065mm vs. 0.169 mm

Calvert et al.?® 2009 RCT Devane 28mm Marathon 4 Volumetric wear rate 13.741mm? vs.
60.24mm?

McCalden et al.®*® 2009 RCT Martell 28mm Longevity 6.8 Penetration rate 0.003 mm/yr vs.
0.051 mm/yr

Garcia-Rey et al.*® 2008 RCT Dorr with 28 mm Durasul 5 Mean wear was 6um vs. 38um

AutoCAD
Glyn-Jones et al.?®* 2008 RCT RSA 28mm Longevity 2 yrs Penetration rate 0.06 mm/yr vs. 0.1 mm/yr
Bragdon et al.** 2007  Prospective RSA 28mmvs.  Longevity 2 No statistical difference in wear
consecutive cases 36mm
Digas et al.”’ 2007  Bilateral THA RSA 28mm Longevity 5 Proximal head migration 0.08 mm vs.
control 0.34mm

Digas et al.*! 2007 RCT RSA 28mm Durasul 5 Proximal head migration 0.1 mm vs.
0.29mm

Rohrl et al.*® 2007  Prospective cohort ~ RSA 28 mm Crossfire 6 Total penetration 0.23mm vs. 0.75mm
including creep

Triclot et al.?® 2007 RCT Martell 28 mm Durasul 4.9 Penetration rate 0.025mm/yr vs.
0.106 mm/yr

Engh Jr et al.®* 2006  RCT Martell 28mm Marathon 5.7 Mean wear rate 0.01 mm/yr vs. 0.19 mm/yr

Geerdink et al.?' 2006  RCT Martell Opé‘ﬁmirror§)€etli?p 5 Wear rate 0.083mm/yr vs. 0.123 mm/yr

Martell et al.?’ 2003 RCT Martell 28 mm Crossfire 2 2-and 3-dimensional linear wear rate

reductions of 42% and 50%

RCT, randomized controlled trial; RSA, radiostereometry analysis.

of at least 2 years, in order to get a true estimate of steady-
state wear rate because of the effect of plastic deformation
(otherwise known as bedding-in or creep).”* ™

There are seven papers reporting on randomized con-
trolled trials (RCTs) using cobalt chrome femoral heads on
HCLPE and using some form of computer-assisted tech-
nique to measure the polyethylene wear.”' Many of the
major manufactures of HCLPE are represented in these
articles. Marathon (5Mrads), Durasul (9.5Mrads),
Longevity (10Mrads), and Crossfire (7.5Mrads) have all
demonstrated significant reductions in steady-state wear
rates compared to UHMWPE. The reduction in wear varies
from 55% to 95% and is often is a function of the wear
properties of the control group. Importantly, the follow-up
was 4-5 years, but there are no long-term studies.

Five RSA studies on HCLPE have been reported in the
literature'**. Durasul, Longevity, and Crossfire HCLPE
have all been demonstrated to significantly decrease wear
rates compared to UHMWPE. The length of follow-up
varied from 2 to 6 years.

Openmirrors.com

A summary of the evidence for HCLPE, regardless of
measurement technique, is presented in Table 15.1.

Recommendation

¢ HCLPE has been demonstrated to decrease wear rates in
vitro and in vivo compared to UHMWPE [overall quality:
high]

Question 2: Does the improved wear rate of
HCLPE allow for the use of larger femoral head
sizes in THA?

Case clarification
The surgeon must choose an optimal head size for the
femoral component.

Relevance
Larger femoral head components are felt to increase range
of motion and decrease dislocation rates of THA.
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Current opinion

With UHMWPE, the chosen head size was limited as a
result of increased volumetric wear with increasing ball
diameter.

Finding the evidence
* PubMed (www.ncbinlm.nih.gov/pubmed/) clinical
queries search/ systematic reviews: “crosslinked” OR
“cross-linked” AND “polyethylene” AND “head size”

° Found 2 articles
* PubMed (www.ncbinlm.nih.gov/pubmed/)—sensitiv-
ity search using keywords “crosslinked” OR “cross-linked”
AND “polyethylene” AND “head size”

° Retrieved 16 articles with 10 potentially relevant

Quality of the evidence
Level 11T
¢ 2 retrospective studies

Level IV
® 6 case series

Level V
¢ 2 case reports and expert opinion

Findings

Muratoglu et al. demonstrated no significant increase in
wear associated with head sizes from 22 to 46mm®. This
was also replicated with 32 mm and 38 mm heads articulat-
ing against HCLPE treated with 9.5Mrad.” In a case series
with a 5-8 year follow-up Lachiewicz et al. found no cor-
relation between linear wear rate and head size, but did
find an association with volumetric wear”” Bragdon et al.
found similar results when they retrospectively compared
28 and 32mm heads in a case series involving 200 hips with
a minimum follow-up of 6 years.”® RSA has been used to
compare 28 and 36 mm heads in a cohort study and no
significant difference was found at 3 years.”

Recommendation

* The use of larger femoral head components with HCLPE
does not appear to increase wear rates in short-term studies
[overall quality: low]

Question 3: Has the advent of HCLPE resulted
in a decrease in the prevalence of osteolysis
after THA?

Case clarification

The 55 year old women receiving a THA can realistically
expect to live another 20-25 years. Over this period of time
the THA is more likely to fail due to osteolysis than any
other failure mechanism.
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Relevance
Periprosthetic osteolysis is the leading cause of long-term
failure in THA.”?

Current opinion
The use of UHMWPE in active THA patients will lead to
osteolysis and aseptic loosening.

Finding the evidence
* PubMed (www.ncbinlm.nih.gov/pubmed/) clinical
queries search/ systematic reviews: “crosslinked” OR
“cross-linked” AND “polyethylene” AND “osteolysis”

° Found 22 articles
e PubMed (www.ncbi.nlm.nih.gov/pubmed/) -sensitiv-
ity search using keywords “crosslinked” OR “cross-linked”
AND “polyethylene” AND “osteolysis”

° Retrieved 81 articles with 13 potentially relevant

Quality of the evidence
Level 11
e 2 cohort studies/low-quality RCTs

Level 111
e 8 systematic review of case-controlled studies, case-
controlled and retrospective studies

Level V
* 3 expert opinion

Findings

In-vitro studies have demonstrated increased inflamma-
tory response to HCLPE wear particles, but clinical studies
utilizing CT scans to evaluating osteolysis demonstrate sig-
nificant reductions in lytic lesions.** Others have shown
that HCLPE generates a similar macrophage response to con-
ventional polyethylene, and have made the logical conclusion
that their lower wear rates should reduce osteolysis.*

Recommendation
¢ HCLPE reduces the risk of osteolysis at short-term follow
up compared to UHMWPE [overall quality: moderate]

Question 4: Can the use of HCLPE compromise
mechanical properties?

Case clarification

Should this active patient be concerned about the altered
mechanical properties of HCLPE and the possibility of
implant failure?

Relevance

In processing HCLPE the steps taken to increase the
crosslinking worsen its mechanical properties and this
could result in clinical failures.
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Current opinion

Increasing the crosslinking in UHMWPE does have a
measurable effect on mechanical properties; specifically,
fatigue properties, crack propagation, and toughness are all
decreased.

Finding the evidence
¢ PubMed (www.ncbinlm.nih.gov/pubmed/)
queries search/ systematic reviews: “crosslinked” OR
“cross-linked” AND “polyethylene” AND “mechanical
properties”

° Found 10 articles
¢ PubMed (www.ncbi.nlm.nih.gov/pubmed/) -sensitiv-
ity search using keywords “crosslinked” OR “cross-linked”
AND “polyethylene” AND “mechanical properties”

° Retrieved 91 articles with 28 potentially relevant

clinical

Quality of the evidence

Level 111
¢ 5 retrospective studies

Level IV
e 1 case series

Level V
¢ 4 case reports and expert opinion

Nonclinical
* 18 basic science

Findings

The creation of HCLPE results in unfavorable changes with
ultimate tensile strength, ductility, modulus, toughness,
and crack propagation resistance.*** Cases of liner failures
are reported in the literature, but some of the failures were
likely related to implant design.”

Recommendations

¢ Mechanical properties of HCLPE are negatively affected
by crosslinking [overall quality: high]

¢ Clinical reports of implant failure are rare [overall
quality: moderate]

Summary of recommendations

e HCLPE has been demonstrated to decrease wear rates in
vitro and in vivo compared to UHMWPE

¢ The use of larger femoral head components with
HCLPE does not appear to increase wear rates in short-
term studies

e HCLPE reduces the risk of osteolysis at short-term
follow up compared to UHMWPE

Openmirrors.com

* Mechanical properties of HCLPE are negatively affected
by crosslinking
e Clinical reports of implant failure are rare

Conclusion

The exposure of UHMWPE to radiation creates a material
that behaves differently both on the hip simulator and in
the patient. In every study there has been a significant
reduction in wear and—even more encouraging—there is
a reduction in the number and size of osteolytic lesions.
This is not the final story, as the longest follow-up in the
best methodological studies is only 6 years. There remains
the risk that wear rates could dramatically increase with
longer follow-up. Despite the reported liner failures in case
series,”*® there have been no liner-associated complica-
tions in any of the studies presented in this chapter. Caution
must be exerted when using larger head sizes, as there is
one RSA RCT that shows there is no effect after only 2
years.”? At present, there is enough reported evidence to
support the continued use of HCLPE in THA patients.
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Hip Resurfacing vs. Metal-on-Metal Total

Hip Arthroplasty

Sanket R. Diwanji, Pascal-André Vendittoli, and Martin Lavigne

Hospital Maisonneuve Rosemont, Montreal, QC, Canada

Case scenario

A 40 year old active man with no past medical history
presents to your clinic complaining of right groin pain of 6
months’ duration. He has restricted right hip motion and
a mild limp. Radiography of the pelvis shows advanced
osteoarthritis in the right hip with cystic changes in the
femoral head.

Relevant anatomy

performing hip resurfacing must make every effort to
reproduce or restore the natural femoral head /neck offset
all around the femoral neck.”® A detailed understanding of
the relation between femoral neck diameter and femoral
component diameter with the amount of acetabular bone
resection and resultant range of motion is critical to opti-
mize success of hip resurfacing.

Importance of the problem

Total hip arthroplasty (THA)* continues to be the gold

Openmirrorg£@atd for treatment of degenerative hip disorders.

Precise knowledge of the vascular supply of the femoral
head is important when considering surgical procedures
around the femoral head and neck junction. The blood
supply to the femoral head epiphysis has been studied in
the past, with emphasis on the critical role of the deep
branch of the medial femoral circumflex artery (traveling
under the short rotators) and the lateral retinacular vessels
(traveling along the posterolateral femoral neck)." Since
the femoral component of hip resurfacing is supported in
part by the femoral head epiphysis, it seems intuitive that
damage to the blood supply could eventually jeopardize
component fixation. None the less, clinical evidence has not
confirmed this assumption as most surgeons use a poste-
rior surgical approach without significant occurrence of
femoral head collapse/failure.

Clarke described the femoral neck shape as being not
circular but more of an ovoid shape with its larger diameter
oriented from 2 o’clock to 8 o’clock.® Thus, head—neck offset
(distance between head equator and femoral neck surface)
is not constant around the head/neck circumference. To
replicate natural hip range of motion and avoid femoral
neck impingement on the acetabular component, surgeons

Although it has demonstrated satisfactory clinical outcome
in elderly patients, concerns still exist regarding its longev-
ity in young patients.” Among male patients receiving a
primary hip arthroplasty in the last decade, the group of
patients between 45-54 years of age has grown rapidly, at
a rate of 140% compared to the 36% rate seen in older
(65-74 years) age group.'” The concern about the durability
of hip arthroplasty in young adults, along with recent
improvements in metal-on-metal bearing designs, has led
to resurgence of metal-on-metal hip resurfacing (HR).
Since the introduction of metal-on-metal HR devices in
the 1990s, over 300,000 procedures have been performed
worldwide." While HR is being performed with increasing
frequency in the US, Canada and the UK,'*'*" it is not quite
as popular in Scandinavia'* and its use in Australia is on
the decline.” HR accounted for 7.6% of all primary total

*Throughout this chapter, THA means 28 or 32mm THA (where the
diameter of the prosthetic femoral head is 28 or 32mm). The term
“LDH (large-diameter head)-THA” is specifically used for studies
where diameter of the head is larger than 36 mm.
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hip replacements recorded by the Australian Joint
Replacement Registry (AJRR) in 2008."° Most patients were
male around 50 years old, suffering from osteoarthrosis of
the hip. There has been a reduction in the number of female
patients undergoing HR, from 27.7% in 2004 to 20.4% in
2008. HR accounted for 2.73% of all hip replacements in
Canada in 20062007 and HR represented less than 0.5% of
all hip arthroplasties in Nordik Hip Registry from 1995 to
2006.'%'

The current surge in patient interest for HR is partly
driven by direct-to-consumer advertising over the internet.
The search term “hip resurfacing” yields 216,000 results on
Google. Furthermore, surgeons are attracted by HR despite
benefits that have not yet been validated. Some purported
advantages of HR over THA are improved function,
femoral bone preservation, better restoration of hip biome-
chanics, enhanced stability, and easier conversion to THA
if need arises.’®” On the other hand, femoral neck fracture,
aseptic loosening of the femoral component, lack of long-
term outcomes, and surgeon’s learning curve have pre-
vented widespread adoption of procedure.*™ In this
scenario, it is imperative to define evidence-based guide-
lines for selection of the HR procedure over the gold stand-
ard THA.

Top ten questions

Perioperative parameters

1. What are the differences relating to surgical technique
and hospitalization after HR and THA?

2. Is acetabular bone jeopardized in hip resurfacing?

3. How precise is biomechanical reconstruction of the hip
joint after HR and THA?

Outcome of the procedures

4. Does HR provide better clinical outcomes and activity
level than THA?

5. Does HR offer greater range of hip motion than
THA?

6. Do patients have better gait and postural balance after
HR?

Complications and survivorship

7. Is there any difference between procedures in the rate
of complication?

8. What level of metal ion release is seen after HR and
metal-on-metal THA?

9. Which procedure has higher failure rate: HR or THA?
10. Is HR revision surgery easier than revision of THA, and
does it provide better outcomes?
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Question 1: What are the differences relating
to the surgical technique and hospitalization
after HR and THA?

Case clarification

The patient’s BMI is 32 and his hemoglobin level is 13 g%.
You explain the patient about operative time, length
of incision, approximate blood loss, intraoperative compli-
cations, and duration of hospitalization for both
procedures.

Relevance

Acetabular cavity exposure is more difficult due to conser-
vation of the femoral head, and femoral component posi-
tioning is technically more challenging; HR usually requires
more extensive exposure, length of incision and is longer
in duration. On the other hand, the femoral canal is not
violated in HR, which should lead to reduced blood loss
and marrow damage.

Current opinion

Current opinion is conflicting regarding intraoperative
outcomes and duration of hospitalization for both
procedures.

Finding the evidence

¢ Cochrane Database with search term “hip resurfacing
OR surface replacement arthroplasty” AND “total hip
arthroplasty OR total hip replacement”

¢ PubMed (www.ncbinlm.nih.gov/pubmed) sensitivity
search using key words: “hip resurfacing OR surface
replacement arthroplasty” AND “total hip arthroplasty OR
total hip replacement”

e Embase with search term “hip resurfacing OR surface
replacement arthroplasty” AND “total hip arthroplasty OR
total hip replacement”

Quality of the evidence
Level 1
e 2 randomized trials

Level 111
® 3 retrospective comparative studies

Findings
Two randomized controlled trials (RCTs) and three retro-
spective studies compared perioperative outcomes of HR
and THA ">

Vendittoli and coworkers found significantly longer sur-
gical time in HR (mean 103 minutes) as compared to 85
minutes for THA (p < 0.001).2* The differences in incision
length (17.2cm in HR vs. 14.5cm in THA, p <0.001) and
length of hospital stay (5.0 days in HR and 6.1 days in THA,
p = 0.01) were statistically significant, whereas total blood
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loss and transfusion rates were not. Regarding periopera-
tive complications, two (1.94%) acetabular fissures were
reported in the HR group and four (3.92%) intraoperative
femoral fissures in THA, all without clinical consequences.
The authors also reported that four (3.73%) patients
randomized to the HR group were converted intraopera-
tively to THA for reasons such as extensive femoral head
necrosis, severe femoral neck retroversion, acetabular com-
ponent size not available for the particular system, and
need for a supplementary screw fixation in a dysplastic
acetabulum.

Three retrospective studies reported on perioperative
outcome.”??* Fowble and colleagues reported less esti-
mated surgical blood loss (p = 0.005) and less postopera-
tive drain output (p = 0.05) resulting in 252mL less total
blood loss (p =0.0005) and fewer blood transfusions
(p < 0.0001) after HR as compared to THA." Vail and col-
leagues did not find substantial differences in the duration
of hospital stay or estimated blood loss, and reported three
(3.2%) intraoperative calcar cracks in the THA group.”
Mont et al. found no difference in the duration of surgery
and duration of hospitalization between 54 patients with
HR and 54 patients with THA.**

In an RCT comparing HR to large-diameter head THA
(LDH-THA), Lavigne and colleagues reported three (12.5%)
femoral calcar cracks in the LDH-THA group and one
(4.16%) injury to the branch of the obturator artery in the
HR group.”

Recommendations

¢ Length of incision is longer for HR than THA [overall
quality: moderate]

e There is conflicting evidence regarding duration of
surgery, blood loss and duration of hospitalization after HR
and THA [overall quality: low]

¢ The rate of perioperative complication is similar, but the
types of complication are different for HR and THA

Question 2: Is acetabular bone stock
jeopardized in hip resurfacing?

Case clarification
The patient’s radiographic evaluation shows a remodeled
femoral neck which seems larger than the contralateral
normal side. The surgeon discusses the possibility of using
a larger acetabular component to accommodate the femoral
component of HR.

Relevance

Compared to THA, HR clearly preserves more proximal
femoral bone stock. In HR, the size of the acetabular com-
ponent (and thus the amount of acetabular bone resection)
is determined by the femoral component diameter. The size
of the femoral component may not match the native head

Openmirrors.com

diameter because of a particular patient’s neck anatomy,
femoral neck enlargement by remodeling or osteophytes,
or fear of femoral neck notching. Consequently, there is an
ongoing debate on whether more acetabular bone is
resected during HR.

Current opinion

Current opinion suggests that hip resurfacing may require
a larger acetabular component and thus more acetabular
bone removal than conventional THA.

Finding the evidence

® Cochrane Database with search term “hip resurfacing”
AND “surface replacement arthroplasty”

e PubMed (www.ncbinlm.nih.gov/pubmed) sensitivity
search using key words: “hip resurfacing OR surface
replacement arthroplasty” AND “acetabular bone”

e Embase with search term “hip resurfacing OR surface
replacement arthroplasty” AND “acetabular bone”

Quality of the evidence
Level I
* 1 randomized trial

Level 11
* 1 prospective comparative study

Openmirrorsscomy

¢ 3 retrospective comparative studies

Findings

Vendittoli et al. prospectively randomized 210 hips to
compare conservation of acetabular bone after HR (Durom,
Zimmer, Warsaw, USA) and THA (Allofit cup, Zimmer,
Warsaw, USA).* The size of the last reamer used before cup
implantation served as a surrogate of acetabular bone
resection. They did not find any significant difference in
the mean or median diameters of the last acetabular reamer
used or the mean size of the acetabular component (54.9 mm
for HR and 54.7mm for THA, p = 0.770). However, in 6.8%
of HR procedures the size of the acetabular component had
to be increased by 2mm to accommodate the selected
femoral component.

In a prospective study, Brennan et al. compared weight
of dehydrated, defatted acetabular bone reamed during
HR and THA.” The mean weights of reamed bone were
13.8g and 11.7g and the mean external diameters of the
acetabulum were 58mm and 54mm in the HR and THA
groups, respectively. Because their study groups had sig-
nificant differences in covariates of acetabular size they
used nonparametric analysis of covariance (ANCOVA);
regression curves displayed no significant difference in the
mean weight of acetabular bone removed between the two
groups.
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Three retrospective studies compared resection of
acetabular bone in HR (Birmingham Hip Resurfacing
(BHR), Smith & Nephew, UK and Durom, Zimmer Warsaw,
USA) and THA (various designs).* Two of them reported
increased acetabular bone resection for HR. Loughead and
colleagues found significantly larger acetabular component
size in an HR group (56.6mm) as compared to a hybrid
THA group (52.0mm) (p < 0.001).” Naal et al. also reported
that HR required larger cups than conventional THAs in
women (52.0mm vs. 49.9mm; p =000012) and in men
(57.3mm vs. 55.1 mm; p = 4.1E-14).” Conversely, the third
study found a mean outside diameter of the BHR acetabu-
lar components of 2.03 mm less than that of the acetabular
components in the uncemented THAs for the age-matched
women, whereas in men no significant difference was
found.®

Recommendations

¢ Removal of acetabular bone during HR may be compa-
rable to, or slightly greater than, that of conventional THA
[overall quality: moderate]

¢ Implant design (femoral head size increment and acetab-
ular component thickness) and surgical technique play a
crucial role in acetabular bone removal.

Question 3: How precise is biomechanical
reconstruction of the hip joint after HR
and THA?

Case clarification

The patient’s AP pelvic radiograph shows limb length
shortening of 1.5cm and femoral offset of 34 mm on the
affected side vs. 44mm on the normal contralateral side.
The patient expressed concerns about equalization of his
leg lengths and resolution of his limp after HR.

Limb length is evaluated clinically by the spinomalleolar
distance or the use of blocks under the affected limb, and
radiographically by the perpendicular distance from the
interteardrop line to the top of each lesser trochanter. The
femoral offset is defined as the perpendicular distance from
a line drawn in the center of the femoral canal to the center
of rotation of the femoral head.

Relevance

Restoration of normal hip anatomy at hip arthroplasty is
associated with improved outcome. Failure to restore the
femoral offset is associated with a higher rate of impinge-
ment, dislocation, muscle weakness, limping, and bearing
surfaces wear. Leg length discrepancy may lead to patient
dissatisfaction, litigation, limp, and low back pain. HR
should facilitate more precise biomechanical reconstruc-
tion of the hip.
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Current opinion
Current opinion suggests that leg length equality and
femoral offset restoration is more precise with HR.

Finding the evidence

¢ Cochrane Database with search term “hip resurfacing
OR surface replacement arthroplasty” AND “total hip
arthroplasty OR total hip replacement”

¢ PubMed (www.ncbinlm.nih.gov/pubmed) sensitivity
search using key words: “hip resurfacing OR surface
replacement arthroplasty” AND “biomechanical recon-
struction OR femoral offset OR leg length”

¢ Embase with search term “hip resurfacing OR surface
replacement arthroplasty” AND “biomechanical recon-
struction OR femoral offset OR leg length”

Quality of the evidence
Level I
e 1 randomized trial

Level 111
¢ 3 retrospective comparative studies

Findings

One RCT and two retrospective comparative studies
described more precise biomechanical reconstruction after
HR as compared to THA, whereas one retrospective study
reported the opposite.

Girard and colleagues studied 120 patients randomized
for unilateral HR or THA.* When normal, the contralateral
hip was used as a control. The postoperative femoral offset
was restored within £#4mm in 57% of those with HR and
25% of those with THA (p < 0.001). Leg length inequality
was restored within £#4mm in 86% of the HR and 60% of
the THA patients (p = 0.002).

In a retrospective study comparing two groups of HR and
hybrid THA, Ahmed and colleagues reported that HR
restored the femoral offset more accurately and produced
less change in leg length than THA.* The mean difference
in femoral offset was —1.3mm in the HR group and 3.5mm
in THA group (t 2.025, p < 0.05). The mean difference in leg
length was 4.9 mm (95% CI 3.3-6.4mm) in the HR group vs.
11.9mm (95% CI 8.2-15.6mm) in the THA group. (t 3.597,
p < 0.001). Silva et al. compared 50 hips that had a HR with
40 THAs.® They concluded that restoration of leg length
equality and femoral offset was more precise with HR pro-
vided that the preoperative difference was less than 1cm.

Loughead and coworkers found significant reduction in
femoral offset (from 49.4mm preoperatively to 44.9mm
postoperatively) (p = 0.0004) and increase in length (3.7 mm
preoperatively to 6.8 mm postoperatively) (p = 0.001) in 28
patients who had undergone HR, whereas femoral offset
and overall hip length were accurately restored in 26
patients after hybrid THA.*
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Recommendations

¢ HR has the potential to preserve femoral offset and leg
length better than THA [overall quality: moderate]

¢ HR has less potential than THA for restoring normal
biomechanics in subjects with significant preoperative
deformed anatomy [overall quality: low]

Question 4: Does HR provide better clinical
outcomes and activity level than THA?

Case clarification

The patient was told the choice of procedure was crucial as
he would like to be able to perform martial arts and play
competitive tennis after surgery.

Relevance

By preserving the proximal femoral anatomy (restoring
precise hip biomechanics, using a large head diameter and
providing more physiological mechanical loading), HR
may potentially provide better clinical function than con-
ventional THA.

Current opinion
Current opinion suggests that the level of activity after HR
is higher than after THA.

Finding the evidence
® Cochrane Database with search term “hip resurfacing
OR surface replacement arthroplasty” AND “total hip
arthroplasty OR total hip replacement”

¢ PubMed (www.ncbinlm.nih.gov/pubmed) sensitivity
search using key words: “hip resurfacing OR surface
replacement arthroplasty” AND “total hip arthroplasty OR
total hip replacement”

¢ Embase with search term “hip resurfacing OR surface
replacement arthroplasty” AND “total hip arthroplasty OR
total hip replacement”

Quality of the evidence
Level 1
¢ 3 randomized trials

Level 11
* 1 prospective comparative studies

Level 111
* 6 retrospective comparative studies

Findings

Vendittoli et al. randomized 210 hips to receive a hybrid
HR (109 hips) or 28 mm THA (100 hips).”'** A preliminary
report showed no significant difference on the WOMAC
and Merle d’Aubigné scores at 6 months.** In a recent
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follow-up evaluation, patients with HR achieved greater
WOMAC functional scores by 3.3 points at 2 years follow-
up (p =0.007). However, the authors do not believe this
difference to be clinically relevant.

With the same group of patients as Vendittoli’s study,
Lavigne and colleagues compared a subgroup of 81 HRs
with 71 THAs to assess type, intensity, and frequency of
sports activities performed after each procedure.” They did
not find significant difference in the overall activity score
and UCLA score between the groups at 1 year after
surgery.® The degree and intensity of postoperative sport-
ing activities were greater in the HR group although the
difference was not significant.

In a prospective comparative study, Fowble and cowork-
ers found higher function score (Harris Hip Score (HHS)
minus the pain, deformity, and range of motion compo-
nents), SF-12 physical activity score, and UCLA scores in
HR patients.”” However, the authors believed that patients
undergoing resurfacing were younger, in better general
health, and had higher preoperative UCLA scores than
patients who underwent THA.

We found six retrospective studies comparing clinical
outcomes after HR and THA. Five studies described similar
clinical scores,*** whereas one showed higher HHS in
HR.® Four studies found higher activity levels after
HR#®*%4 while the other two could not demonstrate a
difference.***! (Table 16.1)

Openmirrors.GoRouble-blind RCT of HR vs. LDH-THA, Lavigne and

coworkers did not find any difference in the WOMAC and
UCLA scores.” Similarly, Garbuz and colleagues prospec-
tively randomized 104 patients to undergo either HR or
LDH-THA.® At 1 year follow-up, they did not find any
difference between two groups in the PAT-5D (Paper
Adaptive Test in five domains of Quality of Life in Arthritis
Questionnaire), WOMAC, and UCLA scores.

Recommendations

¢ Controversies persist regarding the clinical outcome and
activity level after HR and conventional THA, although
most studies favorable to HR included a bias in patient
selection. The only RCT of HR and conventional THA
found a difference in WOMAC score that was not clinically
relevant and no difference in UCLA score [overall quality:
low]

¢ Clinical outcomes and level of activity after HR and
LDH-THA are similar [overall quality: moderate]

Question 5: Does HR offer greater range of hip
motion than THA?

Case clarification

On clinical examination, the patient has hip flexion of 100°,
abduction 15°, adduction 5°, external rotation 15°, and
internal rotation 5°. Since the patient would like to perform
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Table 16.1 Summary of clinical outcomes

Study Level of Procedure No. of Follow-up Mean clinical scores in points Conclusion
evidence patients (hips) (months) (range)
Pollard 1l HR 54(54) 61 OHS(15.9 (12-42) Similar Oxford hip scores.
et al. UCLA 8.4 (4-10) Resurfacing associated with
2006 higher activity levels
THA 54 (54) 80 OHS: 18.5 (12-41)
UCLA: 6.8 (3-10)
Vail et al. I HR 52(57)) 36 HHS: 98 RHA associated with
2006 Activity subscore: 14 significantly higher HHS, ROM
subscore, activity subscore, and
function subscore
THA 84(93 36 HHS: 93
Activity score: 12.7
Vendittoli HR 103 (hips) 12 WOMAC: 9.2 Significantly higher activity
et al. P-M: 16.7 level in HR group (p = 0.037)
2006 UCLA: 7.1
THA 102 (hips) 12 WOMAC: 11.7,
P-M: 16.6,
UCLA: 6.3
Girard et Il HR 69 P-M: 17 £ 0.35 Similar clinical scores
al. 2008 WOMAC: 9.2 + 15.1
THA 79 P-M: 17 +£0.4
WOMAC: 11.7+11.4
Lavigne I HR 81 (81) 12 Overall activity: 17.9 points Preoperative activity scores of
et al. WOMAC: 8.1 £ 13.1 points the two groups were similar.
2008 UCLA: 7.17 £ 2.8 points RHA associated with more
frequent and more intense
sports activities postoperatively
THA 71 (71) 12 Overall activity: 12.7 points
WOMAC: 9.8 £10.9 points
UCLA: 6.75 £ 1.71 points
Mont et Il HR 54 (54) 39 HHS: 90 (50-100) Midterm clinical outcomes and
al. 2009 Satisfaction: 9.2 (2-10) satisfaction scores similar. HR
Activity: 11.7 (0-32) patients had higher activity
scores, but also had higher
preoperative activity scores
THA 54 (54) 39 HHS: 91 (62-100)
Satisfaction: 8.8 (0-10)
Activity: 7 (0-20)
Shrader Il HR 7 (7) 3 LEAS: 12.6 Better functional capability
et al. HHS: 92.4 (better ROM scores with HR. Greater improvements
2009 with HR) in hip extension and abduction
moment after HR
THA 7 (7) 3 LEAS: 11.5
HHS: 90.4
Le Duff Il HR 35(35) 88 UCLA pain score: 9 (7-10) No difference in clinical scores
I .
ot THA 35(35) % UCLA pain score: 9 (4-10)
2009
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Study

Level of

evidence

Procedure

No. of
patients (hips)

Mean clinical scores in points
(range)

Follow-up
(months)

Conclusion

Fowble
et al.
2009

Lavigne
et al.
2009

Garbuz
et al.
2009

Stulberg
et al.
2009

Openmirrors.com

HR

THA

HR

THA

HR

THA

HR

THA

50(50)

35 (44)

24(24)

24(24)

48

56

337

266

24 HHS: 97 (81-100)
UCLA: 8.2 (4-10)
SF-12 Physical score
53.6(36.9-63)
SF-12 Mental score
54.6 (26.7-61.7)
Function: 46.4 (42-47)
Pain: (Slight/Mild): 43%

24 HHS: 96 (66—100)
UCLA: 5.9 (3-10)
SF-12 Physical score
47 (15.2-57.6)
SF-12 Mental score
52.5 (32.1-66.6)
Function: 44.9 (36-47)
Pain: (Slight/Mild): 20%

12 WOMAC: 3 (0-12),
P-M: 17.9 (16-18),
UCLA: 8 (5-10)
SF-36 Mental Score : 51.9
(45-60)
SF-36 Physical score: 55.2 (48-62)

OpeénmirrorsWeme: 2.7 (0-16),
P-M: 18 (18),

UCLA: 8.3 (6-10)
SF-36 Mental Score: 52.1 (36-65)
SF-36 Physical score 53.3 (53-70)

12 WOMAC Pain: 91.51
Stiffness: 85.60
Function: 90.64
Global: 90.40
SF-36 Physical score 51.22
SF-36 Mental score 53.87

12 WOMAC Pain: 90
Stiffness: 83
Function: 91.07
Global: 90.18
SF-36 Physical Score 51.28
SF-36 Mental Score 55.13

24 Total HHS (% of patients in
excellent category): 91.3
HHS Pain score: (% of patients
having no pain): 80.6

24 Total HHS (% of patients in
excellent category): 91.1
HHS Pain score: (% of patients
having no pain): 76.3

HR patients had higher
function (p = 0.007),SF-12
physical activity scores

(p = 0.002) and UCLA activity
scores (p = 0.0001), but also a
higher incidence of slight or
mild pain (p = 0.007)

Clinical scores are similar

Clinical scores are similar. No
difference in PAT-5D
ambulation domain scores
between two groups

Early advantages in HHS
observed in HR group, but all
differences faded by 24 months.
Ability to climb stair is the only
subcomponent that is higher in
HR group at 24 months

(Continued)
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Table 16.1 (Continued)

Study Level of Procedure No. of Follow-up Mean clinical scores in points Conclusion
evidence patients (hips) (months) (range)
Zywiek I HR 33 42 Weighted Activity Score: 10.0 Activity levels were significantly
et al. (1.0-27.5) higher in the HR
2009 HHS: 91 (32-100) group(p < 0.001)
Satisfaction Score: 9.1 (5-10)
Pain Score: 1.3 (0-10)
THA 33 45 Weighted Activity Score: 5.3

(0-12.0)

HHS: 90 (50-100)
Satisfaction Score: 9.1 (2-10)
Pain Score: 1.2 (0-5)

martial arts after surgery, you explain him about expected
improvement in range of motion (ROM) after HR vs. THA.

Relevance

ROM after hip arthroplasty is becoming an important
issue, as patients present at a younger age and are willing
to return to a high level of activity. The larger head diam-
eter of HR is theoretically beneficial for improving hip
ROM, although the larger neck diameter is unfavorable for
the head to neck diameter ratio.

Current opinion

Current opinion suggests that the use of a larger head size
in HR may provide greater clinical ROM compared to
28 mm THA.

Finding the evidence

* Cochrane Database with search term “hip resurfacing”
or “surface replacement arthroplasty”

e PubMed (www.ncbinlm.nih.gov/pubmed) sensitivity
search using key words: “hip resurfacing or surface replace-
ment arthroplasty” AND “range of motion”

e Embase with search term “hip resurfacing or surface
replacement arthroplasty” AND “range of motion”

Quality of the evidence
Level 111
* 6 retrospective comparative studies

Findings

Six retrospective studies have compared ROM between HR
and THA. LeDuff et al. reviewed 35 patients who had
undergone bilateral surgery with HR on one side and THA
on the other.* They found no difference in any of the ROM
measurements even after separating the cohort into two
groups based on femoral head size of the THA (<40mm
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and >40mm). Fowble et al. compared 50 HR with 44 THA
procedures at a minimum follow-up of 2 years, and found
no significant difference in the postoperative range of
motion between the two groups.”? However, the patients
undergoing THA started with less ROM and had greater
postoperative improvements in flexion, extension, and
abduction.

Stulberg et al. compared Harris hip ROM score in 337
HR arthroplasties with 266 ceramic-on-ceramic THAs and
found that although the THA group demonstrated greater
flexion value, the resurfacing group showed slightly better
results in abduction, adduction and internal rotation.*
Therefore, overall arc of motion at 24 months was similar
between the two groups.

Li and colleagues measured ROM after HR and ceramic-
on-ceramic THA in two groups of 21 patients, each with
osteoarthritis secondary to hip dysplasia, and found sig-
nificantly better ROM in the HR group (p < 0.05).*

In another study comparing clinical outcome of HR vs.
THA, the HR group exhibited significantly greater total
ROM at 2 years (99° vs. 97°, p <0.001).® The authors
believed that since the examiners were not blinded they
may have been more reluctant to force extreme ROM in the
THA group for fear of causing dislocation. It is important
to note that a difference of 2° in ROM is clinically
insignificant.

Lavigne et al. performed hip ROM measurements in 165
patients (LDH-THA, n = 55; THA, n = 50; and HR, n = 60)
at minimum 1 year follow-up with a novel standardized
method of hip ROM assessment.* They found similar hip
ROM in THA and HR. LDH-THA demonstrated a signifi-
cant 20° increase in the total arc of hip ROM (p = 0.001).

Recommendations
¢ There is no difference in the postoperative ROM between
HR and THA [overall quality: low]
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¢ A greater hip ROM was observed with LDH-THA com-
pared to 28 mm THA or HR [overall quality: low]

Question 6: Do patients have better gait and
postural balance after HR?

Case clarification

The patient now walks slowly with a mild lurch on the
affected side. He inquires about improvement in gait after
hip arthroplasty.

Relevance

Gait and postural balance analysis can detect subtle differ-
ences in functional outcome after hip arthroplasty.* By
conserving parts of femoral head and neck, HR has been
considered to better preserve hip anatomy. Whether or not
this leads to better gait or postural balance parameters is a
matter of debate.

Current opinion
Current opinion suggests that gait and postural balance
after HR are better than after THA.

Finding the evidence

¢ Cochrane Database with search term “hip resurfacing
OR surface replacement arthroplasty” AND “total hip
arthroplasty OR total hip replacement”

In a systematic review comparing HR vs. conventional
THA, Marker et al. included three gait studies.* The first
one was a retrospective gender-matched study by Mont
and colleagues. The study found at a mean 13-month
follow-up that patients in the HR group walked faster
than patients in either THA or control groups. However,
there were no significant differences in hip abductor and
extensor moments of patients in those two groups.
Lavigne and coworkers examined the distribution of
energy generation and absorption in three groups of
patients: HR, THA with large-diameter heads and THA
with small-diameter heads. They found that patients who
received HR and LDH-THA returned to more normal gait
patterns than patients who had small-diameter femoral
heads. Shimmin and associates compared HR and THA
patients who had HHS of 100 to age-matched asympto-
matic control patients. They reported no significant dif-
ference in gait speed at either fast walking or jogging
paces among any of the groups.

Lavigne et al. analysed gait speed and postural balance
after HR and LDH-THA in a prospectively randomized
double-blind study of 48 patients.”® A third group of 14
healthy subjects served as control. During normal and fast
walking and for postural evaluation, both study groups
showed similar postoperative results at 12 months. The
time period needed for both groups of patients to reach the
normal control subject’s value for each functional test was

e PubMed (www.ncbinlm.nih.gov/pubmed) s&RBGIRYIITOISEORThs, except for the normal walking speed of the HR

search using key words: “hip resurfacing OR surface
replacement arthroplasty” AND “gait OR posture”
¢ Embase with search term “hip resurfacing OR surface
replacement arthroplasty” AND “gait OR posture”

Quality of the evidence
Level I
¢ 1 randomized trial

Level 11
® 1 prospective comparative study

Level 111
¢ 1 systematic review of retrospective comparative studies
¢ 1 retrospective comparative study

Findings

Guait analysis In a prospective pilot study, Shrader et al.
compared Lower Extremity Activity Scale (LEAS), gait
parameters (maximum hip abduction, maximum hip
abduction moment, step width, walking speed, and stride
length) and HHS in 7 patients each with HR and THA
(with 36 mm head).” At 3 months postoperatively, the HR
group had greater improvements in hip extension and
abduction moment, indicating a more normalized loading
of the hip.
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group, which reached the control value at 6 months
postoperatively.

The postural balance study by Nantel and colleagues
reported that THA had greater medial to lateral centers
of pressure and mass displacement during dual stance
when compared to HR (p < 0.05).* The authors attributed
the difference to better anatomical preservation, absence
of femoral stem, and the larger bearing component in
HR.

Recommendations

¢ Gait speed is greater and postural balance seems better
after HR than after THA [overall quality: low]

¢ There is no difference in gait pattern and postural balance
after HR and LDH-THA [overall quality: low]

Question 7: Is there any difference between
procedures in the rate of complication?

Case clarification
The patient is concerned about neck fracture of HR and risk
of dislocation of THA when performing martial arts.

Relevance

Complications such as femoral neck fracture and avascular
necrosis of femoral head are unique to HR. The types and

145


http://www.ncbi.nlm.nih.gov/pubmed

SECTION 111 Joint Reconstruction / IILI Hip and Pelvic Reconstruction/Arthroplasty

rate of complication seen after both procedures should be
compared to assess the benefit of HR.

Current opinion
It is believed that HR has a higher rate of early complica-
tions than THA.

Finding the evidence

* Cochrane Database with search term “hip resurfacing”
OR “surface replacement arthroplasty” AND “ total hip
arthroplasty OR total hip replacement”

e PubMed (www.ncbinlm.nih.gov/pubmed) sensitivity
search using key words: “hip resurfacing” OR “surface
replacement arthroplasty” AND “complications”

¢ Embase with search term “hip resurfacing” OR “surface
replacement arthroplasty” AND “complications”

Quality of the evidence
Level 1
¢ 2 randomized trials

Level 111
¢ 5 retrospective comparative studies
¢ 1 cohort study

Findings
The findings are summarized in Table 16.2.

Postoperative femoral neck/shaft fracture Vendittoli et al. did
not have any femoral neck fracture in an RCT comparing
HR with THA.**

Three retrospective comparative studies reported the
incidence of femoral neck fracture after HR and femoral
shaft fracture after THA.”?*** Pollard and colleagues
described a 5.5% rate of femoral neck fracture after 54
HRs and no fracture after 54 THAs.” Vail and col-
leagues reported femoral neck fracture rate of 1.92%
after HR and femoral shaft fracture in two patients after
THA (24%)? In a series of 54 HRs, Mont et al
described one (1.9%) traumatic femoral neck fracture
while no fracture occurred in a comparative group of 54
THA patients.”

A multisurgeon national audit of 3429 HRs performed in
Australia over a 4 year period demonstrated a fracture rate
of 1.46%:"® 1.91% for women and 0.98% for men. The rela-
tive risk of fracture for women vs. men was 1.94961 and
this was statistically significant (p < 0.01).

Dislocation In an RCT, Vendittoli and colleagues reported
0% dislocation rate in their HR group compared to 3% in
the THA group.?'?

Three retrospective comparative studies compared dis-
location rate after HR and THA. Pollard et al. reported a
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dislocation rate of 7.4% amongst 54 patients post-THA
while none occurred in 54 HR patients.* Vail and cowork-
ers described similar findings; four dislocations (4.3%) in
the THA group and none in the HR group.” Fowble and
colleagues had one posterior dislocation in each group (44
THAs, 50 HRs).12

No dislocation was observed in two randomized studies
comparing LDH-THA with HR (Lavigne, HR 24 vs. THA
24; Garbuz, HR 48 vs. THA 56).24

Heterotopic ossification One randomized study and three
retrospective studies discussed heterotopic ossification
(HO) after HR and. THA. Vendittoli and colleagues evalu-
ated incidence and severity of HO as part of an RCT.* The
incidence of HO was 43.7% in the HR group compared to
30.9% in the THA group (p = 0.057). The HR group had a
significantly higher rate of severe HO (Brooker grades 3-4)
than THA (12.6% vs. 2.1%, p = 0.02).”! In a study by Fowble
and colleagues, Brooker grade I or II HO occurred in 10
HR hips (20%) and four THAs (9.1%)."”> Two resurfaced
hips had Grade III HO. There was no difference in the
incidence of HO in two other retrospective studies of HR
and THA **

Other complications Aseptic loosening of the femoral com-
ponent of HR was reported by three studies, but no loosen-
ing of femoral component of THA was found in any of
those studies.”*'* One randomized study and three retro-
spective studies reported incidence of infection after THA
and HR. While three studies found no significant differ-
ence, Vendittoli observed five deep infections in THA and
none in HR.***** Differences were found in the incidences
of venous thromboembolic events and nerve palsy, but
without statistical significance.'?*'**

Recommendations

¢ The incidence of femoral neck fracture after HR is 0-5%
with an average of 1.5% [overall quality: moderate]

e THA has a higher rate of dislocation than HR. The dis-
location rates for HR and LDH-THA are similar [overall
quality: moderate]

¢ The incidence of HO is higher after HR than after THA
[overall quality: moderate]

e There seems to be no difference between HR and THA
in the rate of infection, nerve injury, and thromboembolic
events [overall quality: moderate]

Question 8: What level of metal ion release is
seen after HR and metal-on-metal THA?

Case clarification
The patient wonders about possibility of metal ion release
and its consequences after HR.
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Table 16.2 Comparison of complications after HR and THA

Study Procedure No of patients Follow-up Revision/ Intraoperative Postop. femoral Infection HO Aseptic Nerve Dislocation DVT/ Other
(hips) (months) awaiting fracture neck /shaft loosening palsy PE
revision fracture (femur)
Pollard et al. 2006 HR 54 (54) 61 4 3 1 1 0 21 1°
THA 54 (54) 80 4 3 1 4 21
Vail et al. 2006 HR 52 (57) 36 2 1 1 1
THA 84(93) 36 4 3° 2 0 4 3
Vendittoli et al. 2006/ HR 103 12 2 24 0 44 2 1 2
Rama et al. 2008¢ THA 102 12 1 40 2 30 2 3
Mont et al 2009 HR 54 (54) 39 2 1 0 1 1¢
THA 54 (54) 39 2 ) = 1 1 ie
Openmirrors.com
LeDuff et al. 2009 HR 35 (35) 88 — — — 7
THA 35 (35) 96 — — — 9
Fowble et al. 2009 HR 50 50) 24 1 — — 10 1 1 1
THA 35 (44) 24 0 — — 4 — — 1
Lavigne et al. 2009 THA 24(24) 12 — — — — — — — — 1f
’IQ
HR 24 (24) 12 = 3 = = = = = = =

?Psoas impingement.

®Calcar cracks.

“These two papers are from a single randomized controlled trial.
YIntraoperative acetabular fissure.

¢ Acetabular cup loosening.

fMyocardial infarction.

90Obturator artery injury.
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Relevance

Currently available metal-on-metal articulations are made of
cobalt and chromium alloys. Metal ions are released as a
result of combined effect of bearing surfaces wear and
implant corrosion. Normal serum levels are 0.1-0.2pg/L for
chromium and less than 0.1pg/L for cobalt.**

Metal-on-metal bearing wear and implant corrosion gen-
erate insoluble metal particles and soluble metal ions, the
later passing into the systemic circulation.” Concerns exist
over metal hypersensitivity, osteolysis, chromosomal muta-
tion, carcinogenicity, and fetal exposure to elevated ion
levels.® This has prevented broader application of metal-
on-metal arthroplasty to some extent.

Current opinion
Current opinion suggests the amount of metal ions released
after HR is similar to THA.

Finding the evidence

* Cochrane Database with search term “hip resurfacing”
AND “surface replacement arthroplasty”

e PubMed (www.ncbinlm.nih.gov/pubmed) sensitivity
search using key words: “hip resurfacing OR surface
replacement arthroplasty” AND “metal ions” as well as
“total hip replacement AND metal ions”

e Embase with search term “hip resurfacing OR surface
replacement arthroplasty” AND “metal ions” as well as
“total hip replacement AND metal ions”

Quality of the evidence
Level 1
¢ 2 randomized trials

Level 11
* 2(?) prospective comparative studies

Level 111
¢ 5 retrospective comparative studies

Findings
Hip resurfacing vs. 28mm head THA Vendittoli et al. com-
pared postoperative chromium, cobalt, and titanium con-
centrations in 117 patients THA with metal-on-metal
articulation and HR.* Significantly higher chromium
and cobalt levels were found at 3 months in the HR group
than in the THA group. No significant difference was
found at 2 year postoperative follow-up: THA = 1.62pg/L
and HR=158ug/L for chromium (p=0.819) and
THA = 0.94ug/L and HR = 0.67 pug/L for cobalt (p = 0.207).
Antoniou and coworkers compared metal ion levels
among patients with a metal-on-metal THA with either a

148

28 mm (Metasul, Zimmer, Warsaw, USA) or 36 mm (Ultamet
Depuy Orthopaedics, Warsaw, IN) femoral head diameter
and patients with HR prosthesis (ASR, Depuy Orthopaedics,
Warsaw, USA).” Neither the median (whole blood) cobalt
level nor the median chromium levels were significantly
different among the three groups at 1 year.

In retrospective studies using various implants, Clarke
et al. and Witzleb et al. found significantly higher serum
levels of cobalt and chromium in the HR group.”® Moroni
et al. found no difference in ion levels between HR and
THA patients.®® Similarly, Daniel and colleagues found no
significant difference in the values of cobalt and chromium
in serum and urine of two groups.*'

HR vs. LDH-THA Garbuz et al. measured chromium and
cobalt ions in 26 of 107 patients randomized to a LDH-
THA (Durom LDH system, Zimmer, Warsaw, IN) or HR
(Durom system, Zimmer, Warsaw, IN).* At 1 year after
surgery the median serum level for cobalt was 10-fold
higher (p = 0.000) and median serum chromium level was
2.6 fold higher (p = 0.023) in the LDH-THA group than in
the HR group.

Vendittoli et al. reported on chromium, cobalt, and tita-
nium ion levels in whole blood in subjects with LDH-THA
and HR (Durom LDH-THA and HR systems, Zimmer,
Warsaw, IN).® They found significantly higher cobalt
levels in LDH-THA (2.2pg/L vs. 0.7ug/L, p < 0.001) at 1
year follow-up. They demonstrated that the addition of
a sleeve with modular junctions and an open femoral
head design of LDH-THA were significant sources of ion
release.

Recommendations

Comparison of the data reported in the literature is com-
plicated by differences in sampling (whole blood, serum,
erythrocytes or urine), measurements with various tech-
nologies in different laboratories, type of data reported
(mean or median, different units of measurement, com-
pared or not to preoperative levels), and different types of
implant combinations.

¢ Durom LDH-THA showed significantly higher cobalt
ion release as compared to the Durom HR [overall quality:
good]

® The cobalt and chromium ion release after HR and
28 mm THA has shown contradictory results depending on
the type of implants studied [overall quality: good]

Question 9: Which procedure has higher failure
rate: HR or THA?

Case clarification

The patient’s radiograph shows a 1.5cm cyst in the femoral
head and this, combined with his activity level, produces
a Surface Arthroplasty Risk Index (SARI) of 3.
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The Surface Arthroplasty Risk Index (SARI) was developed

by Beaule and Antoniades.® It is based on a 6-point scoring

system:

¢ Femoral head cyst >1cm = 2 points

* Weight <82kg = 2 points

e Previous hip surgery = 1 point

* University of California (UCLA) activity score >6 = 1 point
A SARI score greater than 3 represents a 12-fold increase

risk in early failure or adverse radiographic changes.

Relevance

With newer bearing surfaces and better fixation options,
the results of modern cementless THA in young patients
are quite encouraging.® At the same time, survival rates for
HR are improving as surgeons have moved beyond their
learning curves and refined their techniques.*

Current opinion
Current opinion suggests that HR has higher early failure
rate than THA.

Finding the evidence

¢ Cochrane Database with search term “hip resurfacing
OR surface replacement arthroplasty” AND “total hip
arthroplasty OR total hip replacement”

e PubMed (www.ncbinlm.nih.gov/pubmed) sensitivity

reasons were femoral neck fracture and aseptic loosening
of the femoral component. The pooled failure rate for THA
using femoral revision for mechanical failure as an end-
point was 1.3% (95% CI 1.0-1.7%) at a mean 8.4 years of
follow-up. The pooled acetabular and overall failure rate
(using failure for any reason as criteria) were respectively
2.8 % (2.0-3.9%) and 4.6% (95% CI 3.7-5.6) for HR at a mean
average follow-up of 3.9 years and. 14.1% (95% CI 13.1-
15.2%) and 16.1% (95% CI 14.9-17.3%) for THA at a mean
average follow-up 8.5 years.

The annual report of the AJRR (2009) reported that HR
had a significantly higher revision rate than THA (hazard
ratio adjusted for age and sex) (adj HR) = 1.37; 95% CI (1.22,
1.55), p < 0.001)."® At 8 years the cumulative revision is 5.3%
for HR compared to 4% for THA. The most common type
of revision in HR group was a “femoral component only
revision” and was most often undertaken for femoral neck
fracture. There was no significant difference in the risk of
revision for THA with respect to gender, whereas for HR
women had a significantly higher rate of revision. The risk
of revision also increased with increasing age in HR popula-
tion. The registry reported an inverse relationship between
the femoral component head size and the risk of revision.

In a randomized study, Vendittoli et al. reported similar
rate of reoperations in HR group (four revisions for femoral
aseptic loosening, one excision of HO, and one osteoplasty
for femoro-acetabular impingement) and THA (one revi-

search using key words: “hip resurfacing ORORERRIITOISEOMY chronic deep infection, one revision for recurrent

replacement arthroplasty” AND “total hip arthroplasty OR
total hip replacement”
¢ Embase with search term “hip resurfacing OR surface
replacement arthroplasty” AND “total hip arthroplasty OR
total hip replacement”

Quality of the evidence
Level I
¢ 1 randomized trial

Level IT
¢ Report of the AJRR (2009)

Level 111
¢ 5 retrospective comparative studies
¢ 1 meta-analysis

Findings

Springers and colleagues performed a meta-analysis of
modern cementless femoral components in young patients
(mean age < 55 years) having HR or THA.” Fifteen studies
on HR (n =3002; hips =3269) and 22 studies (n =5907;
hips = 6408) on THA were included. At a mean of 3.9 years
of follow-up, the pooled mechanical failure rate of the
femoral component for HR was 2.6% (95% CI 2.0-3.4%); it
accounted for 70% of all failures of HR. The most common

Openmirrors.com

dislocation, four debridement for early deep infection, and
one distal femoral shortening osteotomy for symptomatic
leg length discrepancy).” Pollard et al. reported 4 revisions
(out of 63 HR) for failure of femoral component and 4 in
THA (3 for osteolysis and 1 for recurrent dislocation).* Vail
and colleagues described two reoperations in the HR group
(one for fracture of femoral neck and one for deep infec-
tion) and two in the THA group (reasons not specified).”
Fowble also reported one revision in the HR group for
femoral neck fracture and none in the THA group.” Mont
and colleagues reported two revisions in the HR group
(one for neck fracture and one for displaced acetabular
socket) and two in the THA group (one for acetabular loos-
ening and one for infection).?*

Recommendations

e Aseptic loosening of femoral component and femoral
neck fracture are the two common modes of failure of HR,
which accounts for a higher failure rate of the femoral
component of HR vs. THA [overall quality: high]

¢ Female gender and increasing age have higher risk of
revision for HR as compared to males [overall quality:
moderate]

¢ Rates of reoperation seem similar, but reasons for reop-
eration differ between HR and THA [overall quality:
moderate]
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Question 10: Is HR revision surgery easier than
revision of THA, and does it provide better
outcomes?

Case clarification

The patient is aware that revision surgery will likely occur
eventually because he is relatively young. He wants to
know how complicated the revision surgery will be after
HR in comparison to THA.

Relevance

One likely advantage of HR is preservation of the proximal
femur since failed femoral components can easily be
revised with a primary femoral stem as the femoral canal
is not violated during the index procedure.

Current opinion
Current opinion supports easier revisability of HR com-
pared to THA.

Finding the evidence

* Cochrane Database with search term “hip resurfacing
OR surface replacement arthroplasty” AND “total hip
arthroplasty OR total hip replacement”

e PubMed (www.ncbinlm.nih.gov/pubmed) sensitivity
search using key words: “hip resurfacing OR surface
replacement arthroplasty” AND “revision”

e Embase with search term “hip resurfacing OR surface
replacement arthroplasty” AND “revision”

Quality of the evidence
Level 11
e Report of the AJRR (2009)

Level 111
* 2 retrospective comparative studies

Findings

The Australian Joint Replacement Registry reported the
risk of subsequent revision following the first revision of
HR and primary conventional THA." They report that 3
years after the first revision for THA and 5 years after for
HR, the cumulative percentage for a major total (both
femoral and acetabular) revision is 5.3% for HR and 9.2%
for THA.

Two studies have compared the outcomes of failed HR
procedures converted to conventional THAs with patients
who had primary conventional THA.** Ball and col-
leagues compared revisions of 21 HR (in 20 patients) to a
group of 58 hips (in 64 patients) who had undergone
primary THA, all by the same surgeon.** They found no
significant difference between the groups in terms of opera-
tive blood loss, operative time, or complication rate. At
mean follow-up times of 46 months for the HR group and
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57 months for the THA group, there were no significant
differences in the HHS, UCLA pain, walking, or activity
subscores, or the SF-12 scores.

McGrath and associates compared the perioperative
factors, complications, and clinical and radiographic out-
comes of 39 patients whose resurfacings were converted to
THA to a group of THA patients matched by gender, age,
BMI, and preoperative HHS, all performed by the same
surgeon.” They found mean operative time for HR conver-
sions were longer by 19 minutes, but all other perioperative
measures were similar. At a mean follow-up of 45 months,
the HHS of the two groups were similar.

Recommendations

¢ Clinical outcome of revision after a failed HR is compa-
rable to that of a primary THA [overall quality: low]

e Re-revision rate after first revision seems lower for HR
than for THA [overall quality: low]

Summary of recommendations

¢ HR requires more extensile exposure than THA but there
is conflicting evidence regarding duration of surgery, blood
loss, and duration of hospitalization after HR and THA

* The rate of perioperative complication is similar, but the
types of complication are different for HR and THA

* Removal of acetabular bone during HR may be compa-
rable, or slightly greater, to that of conventional THA

¢ Implant design (femoral head size increment and acetab-
ular component thickness) and surgical technique play a
crucial role in acetabular bone removal

¢ Hip resurfacing has the potential to better restore femoral
offset and leg length as compared to THA, but has less
capacity to correct severe deformities

¢ Controversy persists regarding clinical outcomes and
level of activity after HR and THA, but was found to be
similar after HR and LDH-THA

¢ No difference in hip ROM was found between HR and
THA. A greater hip ROM has been observed with LDH-
THA compared to HR or THA

¢ Gait speed is greater and postural balance seems better
after HR when compared to THA; but is similar to
LDH-THA

¢ Incidence of femoral neck fracture after HR is 0-5%; HR
has higher rate of HO and lower rate of dislocation than
conventional THA

¢ Durom LDH-THA showed significantly higher cobalt
ion release as compared to the Durom HR

¢ The release of cobalt and chromium ion after HR and
THA has shown contradictory results depending on the
type of implants studied

¢ Higher rate of early femoral component failure has been
found in HR as compared to THA
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¢ Female gender and increasing age have higher risk of
revision for HR as compared to males

¢ Rates of reoperation seem similar, but reasons for reop-
eration differ between HR and THA

¢ Clinical outcome of revision after a failed HR is compa-
rable to that of a primary THA

Conclusions

The existing evidence does not clearly suggest that HR
provide superior clinical outcomes to conventional THA.
Preservation of proximal femoral bone can be a distinct
advantage of HR, provided complications such as femoral
neck fracture and avascular necrosis can be prevented.
RCTs with long-term follow-up would be valuable to prove
superiority of one procedure over the other.
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Case scenario

An active 57 year old woman has progressively developed
severe pain in her right hip. She has exhausted conserva-
tive treatments and is keen to remain active with hobbies
including golf and badminton. At present she has mild rest
pain and occasional sleep disturbance, but walking is
limited to half a mile and she is unable to perform any
sporting activities. She is otherwise fit and well.

Importance of the problem

Total hip replacement surgery is one of the commonest
procedures performed in Western societies and is consid-
ered one of the most effective orthopedic procedures.' It is
a safe and reliable procedure with an excellent long-term
survival in the elderly population. Conventional metal-on-
polyethylene (MP) replacements are the traditionally
implanted bearings, used initially by Charnley in the 1960s,
and still recommended by many today. The long-term sur-
vival of this bearing combination is, however, limited by
the risk of polyethylene wear and wear-related osteolysis.2
In the younger patient, with a longer life expectancy and
increased activity demands, there is an up to tenfold
increase in the tribological demands of any replacement
bearing.3 Conventional MP may not therefore be the ideal
option in this age group. In a long-term study of patients
under the age of 51, a failure rate requiring revision arthro-
plasty of over 25% was identified at 20 years and almost
50% at 27 years.* Revision procedures are challenging to
both surgeon and patient and are of considerable cost to
healthcare providers.5 Alternative bearings and joint
replacements have therefore been developed. Options

include ceramic bearings, metal-on-metal (MM) resurfac-
ings and replacements, and highly cross-linked polyethyl-
ene, all aimed to prolong a joint replacement’s survival,
and prevent the occurrence of osteolysis and its
consequences.

Over 4.5 million alumina ceramic components have been
implanted worldwide over the last 35 years.® This chapter
focuses on the efficacy of ceramic options available to the
orthopedic hip surgeon.

Surgeons and patients are inundated with an ever-
increasing easily accessible body of information about
health, and specifically about total hip replacement surgery

Openmirrorgaam options. A Google search for “ceramic hip replace-

ment” returns almost 600,000 hits. High-profile cases such
as the article on squeaking ceramic hip replacements pub-
lished on the front page of the New York Times in 1998, the
variable quality, and lack of filtering mandates the need for
preappraised evidence-based guides.

Top seven questions

Therapy

1. What are the orthopedic generations of ceramic?

2. What bearing options are available when using ceramics
in total hip arthroplasty?

3. Are the clinical outcomes of ceramic total hip replace-
ments equal to those of more conventional articulations?

Prognosis

4. Does a ceramic articulation truly reduce the amount of
wear and wear-related osteolysis?
5. What is the risk of fracture?
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6. What is the risk of squeaking for a patient considering
a ceramic total hip replacement?

Harm

7. What is the risk of revision and what revision options
are available if ceramic fails?

Question 1: What are the orthopedic
generations of ceramic?

Case clarification

Your patient is intrigued to hear that a ceramic might
provide her with an ideal orthopedic bearing. She is,
however, interested to know that ceramics were initially
related to a high level of failure. What improvements have
been made to ceramics in order to limit failures?

Relevance
Optimizing a bearing surface at the expense of its safety is
not a satisfactory solution to any initial presenting issue.

Current opinion

Modern ceramics are used with varying popularity around
the world. The stigma of initial generations failing will
remain of concern to the orthopedic community.

Finding the evidence

e PubMed (www.ncbinlm.nih.gov/pubmed/) search using
keywords: “ceramic,” “ceramic hip,” and “ceramic bearings”
e MEDLINE search using keywords: “ceramic,” “ceramic
hip,” and “ceramic bearings”

Quality of the evidence
¢ Historical review

Findings

Alumina has been continually improved over the years.
First-generation alumina ceramics (1974-1988) were char-
acterized by low density, high porosity, and a relatively
large grain size. First-generation ceramics did not perform
well. Early series reported high failure rates, although the
majority of the failures were not due directly to the alumina
itself. The main failures were due to aseptic loosening of
the femoral stem®’ or of the monoblock acetabular system.'
The alumina itself was, however, not ideal, with a reported
fracture rate of 3-13%." The aim with first-generation
ceramics was to achieve full or nearly full density (no
porosity), which required long sintering times."” This
resulted in large grain or crystal sizes that translated into
areduction of strength and the high risk of fracture. Lessons
were learned from these early series and became the
driving force behind the development of second-generation
ceramics in the 1980s.
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Second- and third-generation alumina ceramics (1988-
1994 and 1994-present respectively) are characterized by
a reduction in grain size with increased alumina purity.
Second-generation ceramics were developed with the
addition of calcium oxide or magnesium oxide materials
which would limit the increase in alumina grain size
during the long sintering process,' resulting in a higher-
strength product. With third-generation ceramics there
have been further improvements with the introduction of
processes of hot isostatic pressing, laser etching to avoid
surface stress risers, and proof testing. The last of these
has been described as the single most important develop-
ment in improving the reliability of ceramics." Before the
advent of proof testing, ceramic components were subject
to a finished product audit in which a certain number of
components from each batch were subject to testing to
destruction. If these tests showed values within an accept-
able range then the batch was released for sale. Proof
testing or “nondestructive stressing” involves subjecting
each component to a substantial overload in a manner that
ensures the part is not being damaged in any way yet
eliminates the possibility of an internal flaw not being
detected. One such method is to pressurize the taper
portion of a ceramic head with fluid beyond the stresses
expected from the metal trunnion. The problem with such
techniques is that if an excessively low pressure is used
not all flawed heads will be fractured, whereas if a pres-
sure is too high, too many heads will fracture without
reducing clinical failures or potentially damaging heads
that were not defective.”

Advances during each generation resulted in grain
size improvement from 4.2um to 3.2um to 1.8um over
first, second and third generations with a resultant
burst strength improvement of 46kN, 58kN and 65kN
respectively.'*

Despite these improvements there persisted a search for
a ceramic material to satisfy increasingly more challenging
patient demands such as smaller components and addi-
tional sizes along with even greater reliability and longev-
ity. It is for this reason that alumina matrix composite was
developed. Known as fourth-generation ceramic or by the
trade name BIOLOX® (CeramTec AG, Plochingen,
Germany) it is a combination of both the major subsets
of ceramic, an alumina matrix with zirconia particles
homogenously dispersed and encapsulated. Using a
principle that dates back to the early 1970s® when any
crack touches the zirconium it triggers transformation with
the resultant volume increase of the particle impeding
crack propagation. This process increases the fracture
toughness of the material. With the subsequent addition
of chromium oxide this restrains the progress of
cracking through the formation of platelet-like crystal or
whiskers, resulting in further significant gains in mechani-
cal properties."
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Recommendation

With regard to ceramic used in orthopedic hip surgery,
evidence suggests:

¢ There has been an improvement in the purity, produc-
tion techniques and overall quality of ceramics between
early-generation ceramics and current options [overall
quality: moderate]

Question 2: What bearing options are available
when using ceramics in total hip arthroplasty?

Case clarification

The patient has been reassured by the explanation of
ceramic and its history. Having done some research on total
hip replacement, she assumed she would receive a poly-
ethylene liner.

Relevance

The aim of using ceramic components is to optimize the
bearing for a young active patient. Although ceramic may
be used against a conventional polyethylene liner it may
also be used with both ceramic and metal liners.

Current opinion
A recent review of practices in the UK showed there was
no clear consensus as to component choice or even fixation
method in the younger patient.”

Finding the evidence

e PubMed (www.ncbinlm.nih.gov/pubmed/) search
using keywords: “ceramic,” “ceramic hip,” and “ceramic
bearings”

i

¢ MEDLINE search using keywords “ceramic,” “ceramic

hip,” and “ceramic bearings”

Quality of the evidence
¢ Historical/industry review

Findings

The proposed advantages of ceramic can be utilized in a
number of different bearing options. It may be used as an
alternative to a metal head in a conventional hard-on-soft
bearing against polyethylene. With a lower R, and
improved wettability it has the potential to provide a low-
wear alternative to either stainless steel or cobalt-chrome.
It may also be used as a more modern hard-on-hard
bearing against either a ceramic liner or, as more recently
introduced, ceramic-on-metal (CM) bearing couple. An
advantage with hard-on-hard bearings is the potential for
fluid film lubrication, an exceptionally low wear rate, and
avoidance of osteolytic polyethylene debris. Using hard-
on-hard bearings also allows the use of large heads, which,
if used with a conventional polyethylene option, would
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create excessive volumetric wear. Ceramic-on-ceramic
(CC) options also avoid the production of metal ions,
which are released and may complicate MP and MM
alternatives.'

No bearing option is perfect, however. A number of com-
plications specific to ceramic, such as fracture and articular
squeaking, are discussed in detail later in this chapter. A
factor involved in all cases of CC hip replacement is the
loss of head and liner option. Using a MP articulation a
surgeon has access to multiple head sizes and modular
neck lengths spanning 20mm. On the acetabular side, in
addition to multiple inner diameter options, there is also
the availability of lateralized liners; elevated rims; and
anteverted, eccentric, and constrained liners. In contrast,
most CC systems have only one head size per cup diame-
ter, with three or four head lengths spanning 10 mm or less.
Ultimately this results in 20 times fewer options in the
ceramic option compared with traditional MP. Equalizing
leg lengths and maximizing stability are two crucial goals
of total hip arthroplasty.”® The availability of numerous
liners and head options is one of the ways of achieving this
goal. The aforementioned complications of squeak and
fracture associated with ceramic articulations are related to
design and technique, and apply to a relatively low per-
centage of patients in clinical practice.” Loss of all of these
options may currently be the most substantial disadvan-
tage of CC THA.

Openmirrors.com

Recommendations

With regard to ceramic used in orthopedic hip surgery,
evidence suggests:

e Ceramic may be used as a conventional hard-on-
soft bearing with a ceramic femoral head articulating
against polyethylene, or as a hard-on-hard CC or CM
bearing.

e There is less modularity with ceramic bearings as
compared to metal and polyethylene implants, limiting
the available options to optimize leg lengths and
stability.

Question 3: Are the clinical outcomes of
ceramic total hip replacements equal to those
of more conventional articulations?

Case clarification

On offering the patient a ceramic total hip replacement you
need to assure her that her outcome will be at least as good
as with conventional bearings.

Relevance

Any proposed benefit of the longevity of a ceramic bearing
would be limited if the clinical outcome for the patient was
below the standard expected with a conventional hip
replacement.
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Current opinion

Most would assume the outcome scores for a patient receiv-
ing a ceramic total hip replacement would be equivalent to
a conventional replacement.

Finding the evidence

¢ Cochrane Database, with search: “ceramic hip”
¢ PubMed (www.ncbinlm.nih.gov/pubmed/)
queries search/systematic reviews/randomized control
trials: “ceramic hip”

¢ MEDLINE search using keywords: “ceramic hip”

clinical

Quality of the evidence
e Level . 7

e LevelII: 1

e Level IV: 2

Findings

Arandomized controlled trial (RCT) comparing 31 CC total
hip replacements in 31 patients with 30 cobalt-chrome on
highly cross-linked polyethylene in 30 patients revealed no
difference in outcome scores between the two groups,
looking at WOMAC and SF-36 scores at a follow-up of
between 2 and 24 months.” An RCT comparing 30 CC
replacements with 26 ceramic-on-polyethylene replace-
ments reports no significant difference in joint specific
outcome scores at a mean follow-up of 8 years.” With a
mean follow-up of 35.2 months, an RCT comparing 346
alumina CC hip replacements with a 168 cobalt-chrome-
on-polyethylene replacements reports equivalent Harris
hip scores (HHS) and patient satisfaction."* The results of
amean 5 year RCT comparing 213 CC hips with 101 cobalt-
chrome on conventional polyethylene hips concludes that
CC articulations are at least equivalent in performance to
the MP design:"” The HHS was 96.6 in the ceramic group
and 97 for the MP group. An extension of this series assess-
ing a titanium-coated ceramic bearing again identified no
difference in HHS with a mean of 96.6 with a mean of 4.2
years of follow-up.® Subsequent review of the same
cohorts, now with mean follow-up of 8 years, again identi-
fied no difference in outcome scores.” Finally, a minimum
2 year follow-up RCT comparing 250 CC articulations with
250 conventional ceramic-on-polyethylene hips showed no
difference in clinical outcome and concludes that ceramic
hips “reflected the typical results of primary total hip
replacements.”*

A retrospective observational study reports a mean HHS
of 90.4 in 107 hips at a minimum follow-up of 7 years.” A
further retrospective review of 999 CC hips reports am
improvement in HHS from 66.5 to 91.2 points and, interest-
ingly, reports an improvement of HHS from 60.1 to 91.3 in
the 2.7% of squeaking ceramic hips without significant dif-
ference between the groups.”
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Recommendations

In terms of outcomes obtained by patients receiving a
ceramic total hip replacement, evidence suggests:

¢ Patients obtain a significant improvement in disease-
specific outcome and quality of life scores following a CC
total hip replacement [overall quality: high]

¢ Patients can expect disease-specific and quality of life
outcome score improvement at least equivalent to a con-
ventional hard-on-soft total hip replacement at mid-term
follow-up [overall quality: high]

Question 4: Does a ceramic articulation truly
reduce the amount of wear and wear-related
osteolysis?

Case clarification
Your patient is understandably keen to know what compli-
cations she might be prone to with a CC articulation.

Relevance

The reason to consider a ceramic bearing within a total hip
replacement is to limit the amount of wear and wear-
related osteolysis. Any advantage in using a low-wear
ceramic bearing aiming to optimizing the long-term sur-
vival will clearly be lost if there is an unacceptably high
rate of complications.

Current opinion

Most would consider a ceramic articulation to be a low-
wear articulation, but its use continues to cause concern to
the orthopedic community with concerns of dislocation
through a lack of modularity and lip liners and catastrophic
complications such as fracture and requiring potentially
complex revision procedures.

Finding the evidence

¢ Cochrane Database, with search: “ceramic hip”
¢ PubMed (www.ncbinlm.nih.gov/pubmed/)
queries search/systematic reviews/randomized control
trials: “ceramic hip” AND “revision”

¢ MEDLINE search using keywords:
“ceramic hip”

¢ MEDLINE search using keywords: “ceramic hip” AND
“osteolysis”

¢ PubMed (www.ncbinlm.nih.gov/pubmed/)
using keywords “ceramic hip” AND “osteolysis”

clinical

AND

uwear//

search

Quality of the evidence
¢ Level . 7
¢ LevelII: 1
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Findings

In-vitro studies have shown very low wear rates for ceramic
couples, with volumetric wear combinations from 2000 to
4000 times less than MP.*® A clinical review of in-vivo
studies supports wear properties of ceramic in a hybrid
articulation with wear rates reduced by 1.5-4-fold in com-
parison to MP.*

An RCT comparing cobalt-chrome vs. zirconia femoral
heads measured subsequent polyethylene wear with com-
puter software at 51 months. It showed no difference in
wear, with an annual head penetration of 0.06 mm/year in
the cobalt—chrome articulation and 0.055mm/year in the
zirconia cohort.” This study was subsequently abandoned
with concerns about the long-term stability of zirconia. A
further RCT involving zirconia directly compared zirconia
heads with cobalt-chrome heads in sequential randomized
bilateral THAs in 52 patients. It revealed an annual wear
rate of 0.17mm/year in the cobalt—chrome group but a
wear rate of 0.08mm/year in the ceramic head.®
Interestingly, two ceramic heads required revision as a
result of aseptic femoral loosening. There had been little
phase transformation of the surfaces, with R, values of
15.87 and 17.35nm. This compares to cobalt-chrome unim-
planted heads with R, values of up to 50nm. Consistent
with this zirconia ceramic wear rate, another RCT compar-
ing alumina ceramic heads against two different conven-
tional polyethylene liners reported polyethylene wear of
0.27 mm at 3 years.”

An RCT comparing migration of CC vs. ceramic on
highly cross-linked polyethylene confirmed two factors:
there was no increase in migration of the hard-on-hard cup
compared to the more conventional hard-on-soft, but mean
wear in the cross-linked polyethylene was 0.016 mm
between 2 and 24 months. In a longer-term RCT comparing
30 CC with 26 ceramic-on-polyethylene reports, an attempt
was made to measure the amount of wear in a ceramic
articulation.”® There was significantly greater wear in the
polyethylene group, with a mean annual wear of 0.11 mm/
year in that group but 0.02mm in the ceramic group.

Ceramics are not immune to wear, however, and with
hard-on-hard articulations component positioning is criti-
cal. Vertical cup positions increased wear with ceramic
bearings—cups with angles greater than 60° had higher
wear in vitro than cups at 45°.%° This was confirmed with
retrieval studies confirming greater wear with acetabular
angles greater than 55°.

An issue unique to ceramic bearings is that of stripe wear.
This is the description given to a localized crescent-shaped
area of surface alteration of a ceramic femoral head.” Its
cause is not fully understood, but proposed causes include
microseparation, equatorial loading, abducted cup posi-
tion, or loose bodies in the articulation causing eccentric
stresses.” The resultant damage to the surface is in the form
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of grain fracture or pullout with resultant loose bodies
and a roughened surface (R, 0.21um compared to 0.10 um
for the conventionally worn areas of the head). This
roughened area may be the precursor of more extensive
excessive wear.” With unknown etiology, stripe wear could
be the occasional but random cause of severe wear in CC
articulations.

With the resurgent interest in metal bearings with the
success of second-generation MP hip replacements, there
have been attempts to match an alumina head against a
metal acetabulum. A limited number of studies are avail-
able, with only one identified RCT on the subject.’’ That
paper reports lower overall wear and incidence of stripe
wear in adverse conditions in vitro. Within the current short
follow-up of 6 months, the randomized trial of 31 patients
only reports on reduced metal ions in the CM compared to
those with a MP articulation. In contrast to this study, an
in vitro study reported significantly greater wear in the CM
group than the CC articulation after 5 million cycles.”

A short-term RCT comparing CC and cobalt-chrome on
cross-linked polyethylene reports no osteolysis at 24
months in either group."” This is not unexpected, as even
with conventional polyethylene hips wear-related osteoly-
sis is not a short-term or even mid-term complication. In
a longer-term study, with mean follow-up of 8 years, corti-
cal erosions were reported in 4 of 287 (1.4%) alumina
ceramic hips and in 25 of 82 (30.5%) control MP hips.*!

Openmirrorgm@RIM this latter group, one patient required revision of

cup and liner for osteolysis at 10.5 years and another had
a liner exchange at 52 months for polyethylene wear and
osteolysis at 8 years.! This report followed an earlier 5
year mean publication of the cohorts with osteolysis
recorded in 1.4% of 213 alumina hips and 14% of the 101
control cobalt-chrome on polyethylene hips."” Linear wear
was identified as higher in those hips with increased radio-
graphic femoral scalloping, supporting the concept of
wear-related osteolysis. A further mid- to long-term RCT
(median 8 years), comparing 30 alumina CC with 26
ceramic-on-polyethylene articulations, reported signifi-
cantly greater wear in the polyethylene group.”® One hip
showed radiolucency around the acetabular component,
but without accelerated wear and no osteolysis reported
in any of the patients.'

A retrospective review of 103 total hip arthroplasties
with ceramic implants reported a rate of osteolysis far
higher than that found in these RCTs. At a mean follow-up
of 92 months femoral osteolysis was found in 23 hips (22%)
with 10 hips going on to require revision for loosening.”
Tissue retrieved at revision confirmed abundant wear par-
ticles with conclusion that ceramic particles can stimulate
foreign body response and periprosthetic osteolysis. This
was the first published series of patients with a CC articula-
tion demonstrating such a high level of osteolysis. It does,
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however, report on a prosthesis that was subsequently
withdrawn in the US due to high failure rates, and on a
ceramic head that has a skirt leading to CC impingement.*
In order to have an osteolytic environment appropriate-
sized particulate matter must be present in an adequate
quantity, whether metal, plastic, or ceramic. This failure is
felt by a number of authors to be a component design
failure.** A further case study from 1997 reported a case of
massive osteolysis with debris confirmed to be neither
polyethylene nor cement.*® Although this incited corre-
spondence from other units,* the authors felt justified in
concluding ceramic debris may not be bioinert and not a
solution to osteolysis.*

Reiterating the importance of avoidance of impinge-
ment, a further case report of two ceramic articulations
revealed significant osteolysis.” Stripe wear of the ceramic
head and neck impingement of the titanium shell was
found, with periacetabular tissue revealing ceramic and
titanium debris in both cases. It is unclear which caused
the osteolysis, but this is a further demonstration of the risk
that modern-generation alumina may be associated with
osteolysis.

Numerous mid- and long-term retrospective studies and
reviews have shown limited or no evidence of osteolysis in
modern, well-functioning ceramic articulations.»**

Recommendations

With ceramic used in total hip arthroplasty, evidence
suggests:

e Wear with CC articulations is significantly reduced in
comparison to conventional hard-on-soft polyethylene
replacements [overall quality: high]

* Wear with a ceramic head on polyethylene gives less
wear than a similar articulation with a metal head [overall
quality: moderate]

e Stripe wear is an occasional cause of severe wear in CC
articulations [overall quality: low]

e Using CM articulations may reduce the overall amount
of wear and the incidence of stripe wear [overall quality:
very low]

e Any articulation, including a ceramic type, which pro-
duces excessive particulate wear, is likely to cause osteoly-
sis [overall quality: moderate]

¢ A modern well-fixed CC bearing, without impingement,
reduces the risk of mid- to long-term osteolysis compared
to a comparable MP articulation [overall quality: high]

Question 5: What is the risk of fracture?

Case clarification

When you explained the risks and benefits of a ceramic hip
replacement your patient was concerned to know that frac-
ture is a risk of the procedure.
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Relevance

Fracture is a catastrophic complication of a ceramic articu-
lation requiring immediate revision. Benefits of low-wear
articulations need to outweigh specific risks associated
with the bearing.

Current opinion
With modern ceramics fracture is recognized to be a rela-
tively rare, although catastrophic, complication.

Finding the evidence

¢ Cochrane Database, with search: “ceramic hip”
¢ PubMed (www.ncbinlm.nih.gov/pubmed/)
queries search/systematic reviews/randomized control
trials: “ceramic hip”

¢ MEDLINE search using keywords: “ceramic hip” AND
“fracture”

¢ PubMed (www.ncbi.nlm.nih.gov/pubmed/) using key-
words: “ceramic hip” AND “fracture”

clinical

Quality of the evidence
e LevelI: 4

Level II: 2

Level III: 7

Level IV: 1

Findings

Early in the production of ceramics, the fracture rate was
as high as 13.4% for those manufactured before 1990, with
catastrophic consequences.”” The same paper reports the
survival of ceramic BIOLOX femoral heads as 0.026% for
first-generation alumina and 0.014% for second-generation
alumina and 0.004% for femoral heads manufactured after
1994, based on data collected from over 2 million femoral
heads. Sedel’s review of the 30-year history of alumina
suggests the risk of fracture is 1 in 2000 for a 10-year
period.*® A further historical review reports 80% of ceramic
head fractures occur within the first 2 years and 90% within
the first 3 years.”? Barrack et al.’s “concerned” review of
ceramic implants states that 1 in 10,000 ceramic revisions
will be solely attributable to fracture' despite proof testing
and improved properties.

Reviewing the level I evidence, an RCT comparing MP
with a number of full ceramic options confirmed 2 frac-
tures, at 6.5 years and at 9 years, in a total cohort of 380
ceramic hips with overall mean follow-up of 8 years.”
There were also four ceramic chips on insertion of the liner,
which were immediately changed to a new liner and shell,
and none have required revision.?! In order to address the
issue of fracture on insertion, a titanium-cased alumina
ceramic component was introduced as a fourth group
within this study. In a separate publication,” this group
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showed no chips, fractures, or failures at a mean follow-up
of 4.2 years in 209 hips. An RCT by Bierbaum et al. involv-
ing 514 hips in 458 patients compared cobalt-chrome-on-
polyethylene articulations with alumina CC." It revealed
no fractures in the 346 in the ceramic group with a mean
follow-up of 35.2 months. There was, however, an inser-
tional chip rate of 2.6% (9 of 346 hips) each identified and
replaced at the time of surgery with as yet no sequelae. A
minimum of 2 year RCT reports on 236 CC and 224 ceramic-
on-polyethylene (CP) hips, with 1 rim chip in the study
group.” A large medium-term study involving 500 hips
comparing an equal number of CC articulations with CP,
at a minimum follow-up of 2 years, reports no ceramic
fractures.” One liner chipped on insertion, requiring
exchange (0.4%). Finally, a review of 56 hips at a mean
follow-up of 8 years reported no ceramic fracture or liner
chips in 30 CC articulations and 26 CP hips.'®

As important with regard to prevalence of an issue are
observational studies. No fractures are reported at a mean
of 50.4 months in 103 hips in 97 patients in a retrospective
review” A further retrospective observational study
reports 3 fractures in 107 hips (2%) at a minimum follow-up
of 7 years, although each was associated with an extra-long
neck, an option that is now no longer used.” Numerous
case reports of fracture have been published, one of which
from 1995 reviews the available data from 10 previous pub-
lished fracture reports. The authors concluded that, includ-
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ceramic hip. You need to explain the risk of squeaking with
a ceramic articulation.

Relevance

Any hip replacement must improve not only the patient’s
physical quality of life but also their mental quality of life.
An articulation that causes audible noises with every step
will be difficult for any patient to tolerate.

Current opinion
Squeaking remains a significant concern with hard-on-hard
CC usage.

Finding the evidence

¢ Cochrane Database, with search: “ceramic hip”

¢ PubMed (www.ncbinlm.nih.gov/pubmed/) clinical
queries search/ systematic reviews/ randomized control
trials: “ceramic hip” AND “squeak”

¢ MEDLINE search using keywords: “ceramic hip”

¢ PubMed (www.ncbi.nlm.nih.gov/pubmed/) using key-
words: “squeak” AND “ceramic”

Quality of the evidence
* Level I 1

¢ Level III: 5

* Level IV: 3

ing their own case, common characteristics includ@@@ﬂﬂ@irro rs.com

age at surgery, heavy, and active, and 8 of the 10 were
male.” Tordn et al. in 2006 published a case of fracture and
similarly reported risk of failure to be increased in the
heavy and active patient.*

Recommendations

With regard to risk of fracture using ceramic bearings in
total hip replacements, the evidence suggests:

e Care must be taken on insertion of ceramic liners to
avoid the risk of insertional chips. This remains an issue
even with modern materials and components [overall
quality: high]

¢ Improvements in manufacturing and components have
reduced the risk of fracture of ceramic components [overall
quality: moderate]

¢ Risk of fracture may be increased in the young, heavier,
active male [overall quality: very low]

Question 6: What is the risk of squeaking for a
young active patient considering a ceramic
total hip replacement?

Case clarification
Your patient recalls a newspaper article about a patient
with a hip that squeaks. She asks if that was related to a

Openmirrors.com

Findings

Squeaking from the site of total hip arthroplasty is a phe-
nomenon unique to hard-on-hard bearings, whether MP or
CC.** The cause is not fully understood, and a number of
possible etiologies have been postulated including compo-
nent mismatch and insufficient lubrication, stripe wear,
and third-body metal debris.*

Squeak is reported in 3 hips of 380 in an RCT comparing
a CC articulation with polyethylene with a minimum
follow-up of 5 years and a mean of 8 years.” All were
reported as transient in nature although one underwent
revision for unexplained groin pain. A prospectively fol-
lowed group of 159 arthroplasties in 143 patients with
matched control group reported a 10.7% incidence of
audible squeak during normal activities.”® This was repro-
ducible clinically in only four patients but, importantly,
only one patient had complained of the squeak prior to
direct questioning. This study showed no relationship
between implant positioning and squeaking.

A recent retrospective review revealed 9 of 43 CC
implants (20.9%) squeaking at a minimum 39.4 months
(mean 47.3 months), and again suggests the incidence may
in fact be under-reported.” No relationship was found with
regard to cup inclination or anteversion, but shorter neck
lengths were found to be associated with squeaking. No
relationship was found with patient demographics. At a
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mean of 50.4 months in 103 hips in 97 patients, a retrospec-
tive review identified squeaking in 5 patients (4.9%).” The
squeak was intermittent in nature and found only in active
patients. No radiological abnormality was identified within
the squeaking hips with stable implantation and no obvious
etiology. Again, in this series hip abduction angles were
found not to vary from the controls. In contrast, a review
of 17 squeaking hips against matched controls by Walter et
al. suggested association with high cup abduction angles.”
In this series of ceramic hips 75% of 17 squeaking hips had
an abduction angle outside 45+10°. The hips started squeak-
ing after an average of 14 months, with patients with
squeaking hips being younger, heavier, and taller than
patients with silent hips.

A large retrospective review of 999 hips reports a squeak
in 28 hips (2.7%).** A cohort was matched to analyze if
cup position may be related to the onset of squeaking.
No significant alteration was found in either cup inclina-
tion or version between the groups. In four hips that under-
went revision, stripe wear was identified on the femoral
heads and metal debris was found in the ceramic
articulation.

Recommendations

In patients undergoing a CC total hip replacement, the
evidence suggests:

e Squeaking is unique to hard-on-hard bearings [overall
quality: high]

¢ The overall incidence squeaking may be under-reported
[overall quality: moderate]

e Ideal component positioning may reduce the risk of
squeaking [overall quality: very low]

e The risk of a squeaking articulation is increased in the
younger, heavier, and taller patient [overall quality: very
low]

Question 7: Is a CC articulation less likely to
require revision than a conventional
replacement? For any patient contemplating a
ceramic hip replacement, what options are
available should the bearings fail at any stage?

Case clarification

Because of her relatively young age, the patient has con-
cerns about the need for further surgery in the future. She
has read about squeaking and also fracture in ceramic hips.
She asks what options are available to her should this
occur.

Relevance

Although there are some undisputable advantages to
ceramic bearings, consideration must be made of the poten-
tial for failure and need for revision within the lifetime of
a younger patient.
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Current opinion

The majority of surgeons would consider revision follow-
ing a failed ceramic articulation to be one of the most chal-
lenging procedures in orthopedics, particularly if following
ceramic fracture.

Finding the evidence

¢ Cochrane Database, with search: “ceramic hip”
¢ PubMed (www.ncbinlm.nih.gov/pubmed/)
queries search/ systematic reviews/ randomized control

clinical

trials: “ceramic hip” AND “revision”

¢ MEDLINE search using keywords: “revision,” “frac-
ture,” AND “ceramic hip”

¢ PubMed (www.ncbi.nlm.nih.gov/pubmed/) using key-
words: “revision,” “fracture,” AND “ceramic hip”

Quality of the evidence
e LevelI: 5

e Level III: 1

e Level IV: 4

Findings

Five trials™!7182122 (N

= 1511) report postoperative revision
rates in comparative randomized studies involving CC
alumina articulations. Three further trials were excluded
from analysis as they were previous publications of the
same cohort.””?** The results of pooled statistics are shown
in Table 17.1. Two studies'® compare CC articulations
with CP articulations, with a reduced risk of revision iden-
tified in the CC group (RR 0.309, 95% CI 0.063-1.502).
Follow-up in these studies varied between a minimum of
2 years (N = 460) to a median of 8 years (N = 55). Two hips
required revision in the ceramic group due to recurrent
dislocations, while in the control group seven revisions
were performed, one for pain of unknown etiology, one
loose acetabulum, and five for recurrent dislocation. Within
the remaining three studies'*'”'® comparison was made
between CC and MP articulations in 1036 hips. Again a

Table 17.1 Revision surgery (values <1 favor ceramic-on-ceramic, >1
favor control)

N Events RR 95% ClI
(de Control
CCvs. CP 475 2/226 7/249 0.309 0.063-1.502
CC vs. MP 1036 14/744 16/292 0.331 0.159-0.687
CC vs. all 1511 16/970  23/541 0.378 0.198-0.721

CC, ceramic-on-ceramic; CP, ceramic-on-polyethylene; MP, metal-on-
polyethylene; RR, relative risk of revision with CC compared to
alternatives.
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reduced overall risk of revision was identified in the
ceramic group (RR 0.331, 95% CI 0.159-0.687). Follow-up
in these studies was 2 years (N = 61), mean 35.2 months
(N =500) and a mean of 8 years (N =475). Taking all CC
articulations and comparing with all of the controls reveals
a relative risk of revision of 0.378 (N = 1511, 95% CI 0.198-
0.721) for the CC option.

Revision of any hip replacement is a complex undertak-
ing. Ideally the use of ceramic articulations during primary
surgery would remove the need for a future revision hip
replacement. If ultimately one is required, “the absence of
osteolysis facilitates revision surgery”* avoiding the need
for bone graft.” Unfortunately, however, the use of any
bearing will produce wear. Although the quantity is
reduced with a ceramic bearing, what is produced is excep-
tionally hard and a potentially damaging third body for
any subsequent articulation. Worse, if revision is required
following fracture there will be extensive third-body debris
within the effective joint space, damaging exposed femoral
trunnions and acetabular shells. Any delay will cause
further damage and soft tissue contamination and revision
is therefore an urgent undertaking. The revision will likely
require exchange of all components due to this damage
with subsequent bearings likely exposed to macro- and
microscopic particles of ceramic, limiting longevity.

Level I evidence reviewing this issue is difficult to obtain,
but observational and retrospective evidence is available.

Allain has published a case report and a study o P@{HEIITO

series of head fractures.”®* The case report was of a 54 year
old patient who sustained a traumatic fracture of their
femoral head 5 years after implantation.” This was revised
to a stainless steel on polyethylene liner. Subsequently at
11 months the patient developed pain and then at 18
months required a second revision. Intraoperatively the
stainless steel femoral head was deformed and severe met-
allosis was noted. Histologically, fragments of both stain-
less steel and alumina ceramic were noted in the soft tissue.
A multicenter review by the same author™ reviewed
105 revisions for ceramic head fractures: 31% went on to
require at least one repeat revision with an overall 5 year
survival rate of only 63%. This rate is worse than most
revision series and in all likelihood due to retained ceramic
particles.”® Allain’s review is the most extensive review
available in the literature and makes a number of recom-
mendations.> Factors influencing results included whether
the cup was changed (57% required re-revision without,
21% with exchange), extent of synovectomy (re-revision in
67% with partial synovectomy, 19% with complete syn-
ovectomy) and patient age (54 years in those requiring
revision and 63 in those who did not (p = 0.02)). Although
definitive conclusions could not be made as to whether the
femoral component required exchange, this paper does
conclude that any revision following ceramic fracture
should include cup exchange, total synovectomy, and a

Openmirrors.com
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cobalt-chrome or ceramic head. A revision following frac-
ture is not therefore a simple undertaking, requiring an
extensive revision and not simply a head and liner
exchange.” Even without previous fracture, revision of a
previous ceramic articulation will be susceptible to retained
ceramic wear particles, potentially limiting longevity.

Recommendations

With regard to revision for a failed ceramic hip replace-
ment, evidence suggests:

¢ With maximum mean follow-up of 8 years CC hips have
a lower risk of revision in comparison to alternatives in
currently available level I studies [overall quality: high]

¢ Following ceramic fracture, revision total hip arthro-
plasty has a poorer survival than following conventional
hip replacements [overall quality: low]

¢ Following ceramic fracture complete component revi-
sion is required due to damage to trunnions and cups by
the exceptionally hard fragments [overall quality: low]

e Total synovectomy is required during any ceramic
revision to reduce the amount of highly abrasive
wear debris from the previous articulation [overall quality:
low]

e Caution should be used before considering the use of
any “soft” bearing such as polyethylene or stainless steel
with risk of deformation, accelerated wear, and failure from
retagped abrasive third-body wear [overall quality: low]

Summary of recommendations

e Ceramics are exceptionally hard, wettable, and chemi-
cally inert, but they are brittle and, unlike metal compo-
nents, prone to fracture

e Zirconia undergoes phase transformation, limiting its
safety as an orthopedic device

¢ There has been an improvement in the purity, produc-
tion techniques, and overall quality of ceramics between
early-generation ceramics and current options

e Ceramic may be used as a conventional hard-on-soft
bearing with a ceramic femoral head articulating against
polyethylene, or as a hard-on-hard CC or CM bearing

e There is less modularity with ceramic bearings as
compared to metal and polyethylene implants, limiting
the available options for optimizing leg lengths and
stability

e Patients can expect disease-specific and quality of life
outcome score improvement at least equivalent to a con-
ventional hard-on-soft total hip replacement at mid-term
follow-up

e Wear with CC articulations is significantly reduced in
comparison to conventional hard-on-soft polyethylene
replacements
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e Stripe wear is an occasional cause of severe wear in CC
articulations

¢ With maximum mean follow-up of 8 years CC hips have
a lower risk of revision in comparison to alternatives in
currently available level I studies

e Using CM articulations may reduce the overall amount
of wear and the incidence of stripe wear

e Any articulation, including a ceramic type, which pro-
duces excessive particulate wear, is likely to cause
osteolysis

¢ A modern well-fixed CC bearing, without impingement,
reduces the risk of mid to long-term osteolysis compared
to a comparable MP articulation

e Improvements in manufacturing and components have
reduced the risk of fracture of ceramic components

¢ Risk of fracture may be increased in the young, heavier,
active male

* Care must be taken on insertion of ceramic liners to
avoid the risk of insertional chips; this remains an issue
even with modern materials and components

¢ Squeaking is unique to hard-on-hard bearings

¢ The overall incidence squeaking may be under-reported
e Ideal component positioning may reduce the risk of
squeaking

¢ The risk of a squeaking articulation may be increased in
the younger, heavier, and taller patient

¢ Following ceramic fracture, revision total hip arthro-
plasty has a poorer survival than following conventional
hip replacements

¢ Following ceramic fracture, complete component revi-
sion is required due to damage to trunnions and cups by
the exceptionally hard fragments

e Total synovectomy is required during any ceramic revi-
sion to reduce the amount of highly abrasive wear debris
from the previous articulation

e Caution should be used before considering the use of
any “soft” bearing such as polyethylene or stainless steel
during a ceramic hip revision, with risk of deformation,
accelerated wear and failure from retained abrasive third-
body wear

Conclusions

The use of modern ceramic bearings has become signifi-
cantly safer than when they were first introduced over 30
years ago. With improved manufacture and testing tech-
niques, the risk of catastrophic failure through fracture has
improved. A patient receiving a CC total hip arthroplasty
can expect a low-wear articulation, outcome scores equiva-
lent to a conventional hip replacement, and a low risk of
long-term osteolysis. Fracture does, however, remain a risk,
as does squeaking, which may be an under-reported issue.
Revision procedures following failed ceramic hip replace-
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ments are challenging. Exceptionally hard retained wear
and fracture debris often necessitates complete component
revision with the potential to compromise the long-term
survival of the revised hip.
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Minimally Invasive Techniques in Total

Hip Arthroplasty
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Case scenario

A 53 year old woman who is otherwise healthy presents
with left-sided groin pain that was first noticed 2 years ago
and has been getting progressively worse over the last 3
months. Currently, she cannot walk for more than 30
minutes but does not use any walking aids. She has tried
various anti-inflammatories and physiotherapy with no
improvement. On clinical examination, she walks with an
antalgic gait. Range of motion shows flexion of 100° with
no internal and external rotation respectively in 90° of hip
flexion. She has 5° of fixed flexion contracture, and leg
lengths are equal . Motor power is 5/5 in flexion, abduction
and extension. Her radiographs show a severely arthritic
hip joint.

Importance

Total hip arthroplasty (THA) is one the most successful
surgeries in modern era because of the overall marked
improvement of the patient’s function and quality of life.!
Once a surgical intervention has achieved a certain stand-
ard of efficacy and reproducibility, further developments
can be placed on minimizing the morbidity of the interven-
tion. Less invasive surgical techniques as well as multimo-
dal pain management have also evolved over the last
decade in the field of joint replacements, especially THA,
enabling patients to potentially recover faster as well as
optimize their overall function by avoiding excessive
muscle dissection.? As with any new surgical technique,
initial enthusiasm was based on high patient expec’cations3
as well as surgeon enthusiasm but, as is all too common in

surgery, over enthusiasm lead to some serious complica-
tions.* In this chapter we review the current techniques as
well as clinical results and future of minimally invasive
(MIS) hip replacement surgery.

One of the reasons total hip replacement (THR) surgery
has been so successful is the standardization as well as
reproducibility of the surgical approaches. As one would
expect, different areas of the world will favor certain
approaches because of history as well as available instru-
mentation, with the classic approaches in the literature for
primary THR being posterior, lateral, anterolateral, and
anterior (Table 18.1). To discuss how each of them evolved
as well and became part of daily practice is not the purpose
of this chapter; however, certain basic principles are
common to those approaches for performing a successful
THR:

e proper visualization and access to bony interfaces

¢ low risk of neurovascular injury

e minimal to no significant compromise on patient
function.

The two-incision technique is probably the approach that
brought the new MIS THR surgical technique to the fore-
front, with its optimization of pain management protocols
as well as a rapid discharge program.” This also led to
decreasing the length of the skin incision (6-10cm) com-
pared to standard surgical approaches such as the posterior
and lateral approaches.’

Anatomy and surgical approaches

With respect to surgical approaches, we now briefly discuss
the different techniques based on patient positioning and
identified in the literature as MIS.
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Disadvantages Release of short external rotators

Increase risk of dislocation

Difficult exposure to femur

Neuropraxia of lateral femoral
cutaneous nerve

Violating the abductors Difficult exposure

Chronic limp Damage to abductors

Lateral decubitus position

For both posterior and lateral approaches the patient is
placed in the lateral decubitus position with the hip flexed
45-60° and adducted 10°. For the posterior approach an
oblique incision is placed near the tip of the trochanter. The
deep dissection splits the fascia over the gluteus maximus
muscle and proceeds posterior to the gluteus medius and
minimus muscle into the hip joint .The posterior approach
generally requires transection of the piriformis tendon and
at least a portion of the short external rotators down to the
quadratus femoris muscle.® Penenberg et al’” recently
reported on a technique which uses percutaneous portals
for acetabular preparation and component insertion per-
mitting only release of the piriformis tendon.

ant to hold it."* Recent multicenter data has shown this
approach to be safe and reproducible.”

The two-incision approach for THA uses a small direct
anterior approach for acetabular exposure and component
placement, and a small posterior approach for femoral
preparation and femoral implant insertion.” This approach
is less and less used because of a high initial complication
rate'® as well as significant damage to the gluteus minimus
muscle.”

Finding the evidence

Since the evidence in the literature is lacking, it is difficult
to critically analyze and formulate well-founded answers

For the lateral approach, the skin incision is s2RABAIITONG GATkey clinical questions. We therefore present all the

that described for the posterior approach, with the incision
placed obliquely over the greater trochanter, generally
starting 1-2 cm above the tip of the trochanter and proceed-
ing distally. For the anterolateral approach(Roetinger/
Watson-Jones)®” the superficial dissection is between the
tensor and gluteus medius and deep dissection between
gluteus minimus and rectus femoris. An alternative is the
standard lateral approach is splitting the anterior portion
of the gluteus medius tendon in a continuous sleeve with
the vastus lateralis and gluteus minimus in one layer with
the hip capsule.*'° The main downside to these approaches
is that they are not truly intervnervous and damage to the
gluteus minimus is common either during the exposure or
femoral preparation.

Supine position

The direct anterior approach or Hueter approach repre-
sents the only truly internervous approach to the hip
passing through the sheath of the tensor fascia lata muscle
(superior gluteal nerve) with the sartorius muscle medially
(femoral nerve)."! The deeper plane is between rectus
femoris and gluteus minimus.”” In order to facilitate
access to the femur the leg can be placed in a “figure 4”
position or by using an orthopedic positioning table per-
mitting extension of the leg without the need for an assist-
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available evidence within MIS THR first, followed by
attempts to answer the clinical questions.
¢ Cochrane Database, with search term “minimally inva-
sive total hip replacement,” “minimally invasive total hip
arthroplasty”
e PubMed (www.ncbinlm.nih.gov/pubmed/) clinical
queries search/systematic reviews, “minimally invasive
total hip replacement,” “minimally invasive total hip
arthroplasty”

° 8208 hits
e MEDLINE search identifying the population (“hip”
AND “minimally invasive total hip replacement”

° 10,230 hits
e PubMed (www.ncbi.nlm.nih.gov/pubmed/), sensitivity
search using keywords “minimally invasive total hip
replacement”

° 10,300 hits and, after review, 230 potentially relevant

articles

Quality of the evidence

Level I: 30

¢ Level II: 50

Level III: 34 retrospective studies

Level V: 19 case reports and expert opinion

165


http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/

SECTION 111 Joint Reconstruction / IILI Hip and Pelvic Reconstruction/Arthroplasty

Top four questions

* Does a MIS technique lead to quicker recovery?

* Does a MIS technique lead to less blood loss?

* Does a MIS technique lead to better patient function?

* Does MIS THR have similar complication rates to stand-
ard approaches?

Question 1: Does a MIS technique lead to
quicker recovery?

Findings

The main premise for the introduction of these less invasive
approaches was that patients would experience less pain
and less blood loss, leading to a shorter hospital stay as
well as overall quicker recovery to normal activities. The
proponents of these techniques felt that these new proce-
dures represented a dramatic evolution in hip arthroplasty
by minimizing injury to tissues while maintaining the effi-
cacy and safety of the classic surgical approaches. However,
because of the advent of new anesthetic techniques during
the same time it remained unclear what was mainly respon-
sible for this quicker recovery: the smaller incision or the
anesthetic protocol. In the vast majority of the clinical series
on MIS THR, the anesthetic protocol involved premedica-
tion with anti-inflammatory several days before surgery, an
oral narcotic on the day of surgery, and regional anesthesia
and multimodal pain protocol postoperatively which
included oral narcotics and anti-inflammatories."

In a detailed review of the literature, Chen and associ-
ates" illustrate well the difficulty in evaluating new surgi-
cal techniques in the field of orthopedics with no validated
endpoint to establish the efficacy of the surgical technique,
making it difficult to compare the different approaches and
to interpret the conclusions. In terms of level I evidence,
Ogonda et al.*® compared 219 THR patients who were
either randomized to a MIS posterior approach (<10cm) or
standard incision (16 cm) posterior approach with a single
surgeon performing all procedures with the same anes-
thetic protocol as well as postoperative physiotherapy
regimen with all the allied health professionals blinded to
the incision. They found no significant difference between
the two groups in terms of hospital stay, blood loss, and
complications as well as functional outcome at 6 weeks. In
another randomized controlled trial (RCT) comparing the
mini-posterior to the two-incision technique in 21 patients,
Pagnano and associates” found that patients in the two-
incision group tended to have a slower rate of recovery at
6 weeks based on gait parameters and muscle strength
evaluations. These findings are consistent with the ana-
tomical studies comparing these two approaches which
showed greater damage to the glutei muscles in the two-
incision group compared to the mini-posterior.”” In nonran-
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domized trials, four studies”® comparing small-incision

THR to standard incision posterior approach THR in which
the comparison groups were similar in demographic
parameters, especially body mass index, found no signifi-
cant difference. Similarly, deBeer and associates® also
found no beneficial effect to the smaller incision when used
with the lateral approach to the hip.

Recommendation

¢ With similar anesthetic protocols, the length of the inci-
sion had little impact on patient recovery and length of
stay. More importantly, the two-incision technique was
actually inferior to the mini-posterior approach. Similarly,
the use of narcotics postoperatively was not impacted by
the length of the incision but dependent on multimodal
analgesia [overall quality: strong]

Question 2: Does a MIS technique lead to less
blood loss?

Findings

Ogonda et al.”® found no significant difference in blood loss
between THR patients that were either randomized to a
MIS posterior approach (<10cm) or standard incision
(16 cm) posterior approach. Similarly, in their meta-analysis
of randomized trials on MIS THR Cheng et al.”’ found that
the only significant improvements with MIS techniques
were in the short term, i.e., less intraoperative blood loss
and shortened hospital stay (Table 18.2) but because of the
significant heterogeneity they could not reach firm conclu-
sions regarding efficacy of the various MIS techniques. Two
studies™” reported lower average intraoperative blood
losses of 43 and 67mL in patients undergoing the mini-
incision THRs; however, there was no difference in the
transfusion rates in these patient groups.

1.26

Recommendation
e MIS hip surgery showed no difference in blood loss
[overall quality: strong]

Question 3: Does a MIS technique lead to
better patient function?

Findings
Bennett and associates® found no difference in regards to
velocity, step length of the affected or unaffected leg, stride
length, or stance phase duration between the two groups.
Dorr et al.* concluded that compared with conventional
THR performed through a posterior incision, posterior MIS
THR resulted in better early pain control, earlier discharge
to home, and less use of assistive devices. Subsequent eval-
uations at 6 weeks and 3 months showed equivalency
between the clinical results in the two groups. In another
review looking specifically at matched cohort studies of
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Table 18.2 Summary of clinical studies on MIS THR

Study

Methods

Participants

Interventions

Outcome

Zhang et al.
(China)

Wright et al.
(USA)

Chung et al.
(Australia)

Hart et al.
(Czech
Republic)

Chimento
et al. (USA)

Yan et al.
(China)

Ogonda et al.
(UK)

Zhang et al.
(China)

Kim et al.
(Korea)

Dorr et al.
(USA)

Dutka et al.
(Poland)

Speranza et al.
(Italy)

RCT; FU = 11 weeks

gRCT; presence of
assistant; FU =5
years

gRCT; observer
blinded; alternation;
FU = 14 months

RCT; observer
blinded; FU = 39
months

RCT draw card
observer blinded;
FU = 2 years

RCT; FU = 6 months

RCT sealed envelope
patient and observer
blinded; FU = 6
weeks

RCT sealed envelope;
FU = 20 months

RCT randomized
number table
observer blinded;
FU = 26.4 months

RCT patient and
observer blinded;
FU = 3 months

gRCT odd or even
day observer blinded;
FU = 9.5 months

RCT draw; FU =6
months

FNF = 60 Ml vs. 60 SI;
similar DC; unilateral THA

OA, ON, RA =42 Ml vs.
42 Sl; similar DC;
unilateral THA

OA =60 Ml vs. 60 SI;
similar DC; unilateral THA

OA =60 Ml vs. 60 SI;
similar DC; unilateral THA

OA = 28 MIS vs. 32 SIS;
similar DC; unilateral THA

OA, ON, FNF = 15 Ml vs.
15 SI; similar DC;
unilateral THA

OA, ON, RA =109 M|

VS,
110 SI; similatr:)[;%;enrmrrorS

unilateral THA

OA, RA = 60 MIS vs. 60
SIS; similar DC; unilateral
THA

ON, OA, AS =70 MIS vs.
70 SIS; similar DC;

OA, PA, HD, ON = 30
MIS vs. 30 SIS; similar
DC; unilateral THA

OA, HD, ON = 60 MIS vs.
60 SIS; similar DC;
unilateral THA

OA, ON, FNF =50 MIS
vs. 50 SIS; similar DC;
unilateral THA

MI anterolateral 8.2cm vs. SI
posterior 14cm; similar DC; unilateral
THA Versys cementless prosthesis

MI posterolateral 8.8 £ 1.5 cm vs. Sl
posterolateral 23.0 £ 2.1cm press-fit
cup and cemented stem; a senior
surgeon

MI postetolateral 9.2 ¢cm vs. Sl
posterolateral 20.0 cm; porous-
coated cup and uncemented stem

MI posterolateral 9—10 cm vs. SI
posterolateral 20 cm; cemented
prosthesis; two experienced surgeons

MI posterolateral 8 cm vs. Sl
posterolateral 15 cm; press-fit cup
cemented, or press-fit stem; a senior
surgeon

MI anterior two incisions 3.6 cm; 5.7
cm vs. S| posterolateral 12 cm; Versys
cementless prosthesis; a senior
surgeon

MI posterolateral 9.5 + 0.95 cm vs. SI
pigs erolateral 15.81 + 0.93 cm
cementless cup cemented stem; an
experienced surgeon

MI anterior 6.9 cm vs. SI
posterolateral 16.3 cm Versys hip
prosthesis

MI posterolateral 8.8 + 1.5 cm vs. S|
posterolateral 23.0 £ 2.1 cm;
bilateral THA cementless cup and
cementless stem: a senior surgeon

MI posterior 10 £ 2 cm vs. Sl
posterior 20 £ 2 cm; cementless cup
noncemented stem; two experienced
surgeons

Ml lateral 6-8 cm vs. Sl direct lateral
20-25 cm

MI direct lateral 7.1 £ 1.1 cm vs. S|
posterior 12.8 £ 2.3 cm; cementless
cup cementless stem; a senior
surgeon

Operative time; blood loss;
HHS; complications

Operative time; blood loss;
HHS; complications;
radiographic evaluation

Operative time; blood loss;
length of hospital stay; HHS;
complications

Operative time; blood loss;
complications; radiographic
evaluation

Operative time; blood loss;
complications; radiographic
evaluation

Operative time; blood loss;
complications; radiographic
evaluation

Operative time; blood loss;
HHS; complications; a
radiographic evaluation

Operative time; blood loss;
HHS; complications;
radiographic evaluation

Operative time; blood loss;
HHS; length of hospital stay;
complications; radiographic
evaluation

Operative time: blood loss;
HHS; complications;
radiographic evaluation

Operative time; blood loss;
HHS; length of hospital stay;
complications

Operative time; blood loss;
HHS: length of hospital stay;
complications

DC, demographic characteristics; FNF, femoral neck fracture; FU, follow-up; HD, hip dysplasia; HHS, Harris hip score; MI, mini-incision; OA,
osteoarthritis; ON, osteonecrosis; PA, post-traumatic arthritis; RA, rheumatoid arthritis; SI, standard incision.
Reproduced from Cheng et al.*°
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Table 18.3 Summary of clinical studies on mini-incision THR

Study Study Surgical No. Mini-incision Mini-incision Transfusion LOS Incidence of Incidence of
type approach mini-incision/ benefits / group BMI complications malposition
standard disadvantages loss
Ogonda RP Posterior 100 None NS NS NS NS
et al. 2005 100
Wright RP Posterior 50 None NS NS NS NS
et al. 2005 50
Chimento RP Posterior 28 EBL 43 mL NS NS NS NS
et al. 2005 32 TBL 126 mL
Limp at 6 weeks
de Beer M CC Lateral 30 EBL 67 mL NS NS NS NS
et al. 2005 30
DiGioia M CC  Posterior 35 HHS at 3 and 6 0.7 units NS NS NS
et al. 2005 35 months 1.1 units
Woolson CS CC Posterior 50 None Yes NS NS Mini-incision with Mini-incision
et al. 2004 57 more wound with more
complications AC and FC
Wright CcC Posterior 42 ST -7 minutes Yes NS NS NS NS
at al. 2004 42 HHS -3 points
Howell CS CC Anterior-inter 50 EBL 82 mL Yes NS 4 days NS NS
et al. 2004 muscular 57 ST +13min 5 days
O’'Brien and CS CC Lateral 34 ST -6min Yes NS 5.4 days 10 fracture NS
Rorabeck 53 6.2 days 6%

2% NS

A, change; AC, acetabular component; BMI, body mass index; CC : case controlled; CS, consecutive series; EBL, estimated blood loss; FC, femoral
component; HHS, Harris hip score; 10, intraoperative; LOS, length of hospital stay; M :matched; NS, not statistically significant; RP, randomized

prospective; ST, surgical time; TBL, total blood loss.
Reproduced from Vail and Callaghan.®

mini-incision THRs, Vail and Callaghan® concluded that
although these could be done safely in patients who are
not obese there were no real differences in clinical outcome
(Table 18.3). Having said that, Howell et al.*! gave signifi-
cant importance to the psychological impact of improved
cosmesis on patient attitude, satisfaction, and motivation
for recovery. They cautioned that this appeal should
not be underestimated when evaluating less invasive THR
surgeries, with most studies reporting improved cosmesis
and patient satisfaction with these smaller-incision
approaches.®*

Recommendation

* No significant difference was found with regards to
patient function, but the evidence is moderate as current
tools to evaluate patient function may not be sufficiently
sensitive. The positive impact on patient cosmesis is strong
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Question 4: Does MIS THR have similar
complication rates to standard approaches?

Findings

Finally, when assessing the overall clinical value of MIS
THR it is critical to look at the overall incidence of compli-
cations as well as their severity. Mow et al. have shown
evidence of more subcutaneous tissue necrosis and/or
poor wound healing after the mini-incision procedures™.
All two-incision cohort studies report relatively long surgi-
cal times compared with those of open techniques, thus
confirming the high degree of difficulty of this procedure.
Although Berger® reported a low risk of femoral fracture
(1%), others reported fracture rates of 7-9%.%%* One author
reported a 4% early revision rate for treatment of postop-
erative fractures that were assumed to have occurred intra-
operatively but were not detected by fluoroscopy or by
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immediate postoperative radiographs.” Another report
showed a high 10% early revision rate for fracture, disloca-
tion, and infection in patients who had THR with the two-
incision procedure.® Two other studies also showed a
relatively high incidence of nerve injury at 2.5-3.2%%%
with the two-incision technique. Other less invasive
approaches such as the mini-posterior as well as the ante-
rior Hueter approach have not reported higher rates of
complications. In a multicenter study of 9 surgeons and
1277 THRs examining the introduction of the anterior
Hueter approach,” the overall rate of revision was 2.7%
with an incidence of proximal fracture of 1.8% including
calcar splits. Obviously, the higher rate of complications
associated with the two-incision technique reflects the dif-
ficulty in surgical exposure as well as the lack of familiarity
for the surgeon in terms of patient positioning and
instrumentation.

Recommendation

e The integration of new surgical techniques and
approaches such as MIS may have a higher initial compli-
cation rate [overall quality: strong.]

¢ In regards to reproducibility, if the surgical technique is
sound then it can be safely reproducible [overall quality:
moderate]

Summary of recommendations

e With similar anesthetic protocols the length of the
incision had little impact on patient recovery and length of
stay. More importantly, the two-incision technique was
actually inferior to the mini-posterior approach. Similarly,
the use of narcotics postoperatively was not affected by
the length of the incision but dependent on multimodal
analgesia

* MIS hip surgery showed no difference in blood loss

* No significant difference was found with regard to
patient function, whereas the positive impact on cosmesis
is strong

* The integration of new surgical techniques and
approaches such as MIS may have a higher initial compli-
cation rate

¢ With regard to reproducibility, if the surgical technique
is sound then it can be safely reproducible
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Case scenario

An 81 year old woman presents with severe thigh pain and
inability to weight bear after a simple slip and fall. She had
a previous total hip arthroplasty (THA). Examination
reveals external rotation deformity of the leg, bony crepi-
tus, and tenderness around the proximal and mid thigh.
Neurovascular exam is normal. Radiographs demonstrate
a displaced periprosthetic femur fracture.

Top five questions

Etiology

1. Are there patient factors that may be predictive of a
periprosthetic femur fracture?

Diagnosis

2. What classification system is effective in guiding
treatment?

Relevant anatomy and pathomechafiggnmirrors.com

It is useful, when considering treatment, to divide the
femur into three regions with reference to the stem: tro-
chanteric (A); around or just below the stem (B); and distal
to that (C). Furthermore, to integrate this with treatment,
it is useful to subdivide the B type into those with a well-
fixed stem (B1), a loose stem (B2), and a loose stem with
poor bone stock (B3).

Importance of the problem

The prevalence of periprosthetic fractures ranges between
0.4 and 3.9% for all arthroplasties depending on whether it
occurs in the primary or the revision setting.'” These
numbers have been steadily increasing over time as a func-
tion of the advancing age of the population and the increas-
ing use of total hip arthroplasty (THR). This chapter
discusses risk factors, diagnosis, management options, and
outcomes of postoperative periprosthetic femur fractures,
as supported by current available literature.

Therapy

3. What is the optimal management and outcome of
Vancouver type A fractures?

4. What is the optimal management and outcome of
Vancouver type B fractures?

5. What is the optimal management of Vancouver type C
fractures (intraoperative and postoperative)?

Difficulty arises when comparing the results in these studies
due to variability in length of follow-up, patient demograph-
ics, number of revision arthroplasties, types of implants used,
technical methods employed to treat the fractures, and vari-
able outcome measures used to assess patients.

Question 1: Are there patient factors that may
be predictive of a periprosthetic femur
fracture?

Case clarification
An 80 year old patient had a cemented THR 18 years ago.
Recent follow-up visits have demonstrated progressive
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osteolysis and loosening of the femoral component. While
on the waiting list for revision surgery, she falls and sus-
tains a periprosthetic femur fracture.

Relevance

Recognition of features associated with periprosthetic frac-
tures could allow for prophylactic measures to preclude a
fracture in the at-risk patient.

Current opinion

Current opinion suggests that patients with poor bone
stock, loose components, and advanced age may have
increased risk of periprosthetic fracture.

Finding the evidence

e PubMed (Clinical queries) (etiology): “periprosthetic hip
fracture”

e PubMed: “periprosthetic hip fracture” AND (“risk
factor” OR “epidemiology”)

e MEDLINE: “periprosthetic hip fracture” AND “risk
factors” OR “epidemiology”

Quality of the evidence
Level IV
¢ Retrospective cohort studies

Findings

Gender There are 11 studies providing epidemiologic data
regarding periprosthetic fracture and gender. In most case
series the majority of fracture patients are female."*” This
was questioned by the report of Lindahl et al. in 2005,
whose results from the Swedish Hip Registry described a
nearly equal rate of periprosthetic fractures in men and
women.® In agreement with this is a recent retrospective
survivorship analysis by Cook et al.? that found no relation-
ship with gender looking at 124 periprosthetic fractures.
Although some studies are suggestive that female gender
appears to be a risk factor, it is likely that a multitude of
other features contribute to this complication.

Patient age and length of time from index procedure It is clear
that increasing age results in progressive weakening of
bone because of osteoporosis. This is aggravated by oste-
olysis, if it develops. Epidemiologic data from a subset of
series demonstrates an average age of 73.5 years (1220 frac-
tures).>® In theirsurvivorship analysis, Cook et al.® found
that patients older than 70 years had a relative risk of 2.9
for sustaining a fracture. He also reports a 0.8% incidence
of periprosthetic fracture at 5 years, and 3.5% incidence at
10 years following primary THA.?

The literature also shows that the incidence of late post-
operative periprosthetic fracture is increasing.””™ The
average time post-procedure for a fracture to occur is
reported in a number of studies. Holley et al. report an
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average of 112 months in a series of 99 patients.” Lindahl et
al. report an average of 7.4 years post primary THA (688
fractures), and 3.9 years post revision hip arthroplasty (361
fractures).® Notably, Lindahl et al. looked retrospectively at
the mean age at the time of the index operation and found
astatistically significanthigher fracture rate in those patients
who were younger when they had their original surgery
(p <0.001). They postulated that younger and more active
patients have a higher risk for sustaining an implant-related
fracture in the future than those receiving arthroplasty later
in life.® This observation, that the younger the patient at the
time of the primary arthroplasty the greater the risk for
subsequent fracture, was confirmed in later studies."

Rheumatoid arthritis Several authors have demonstrated a
relationship between increased fracture risk and rheuma-
toid arthritis (RA).>*"® In the Swedish National Register of
191,351 hip replacements, only 6% of these entire group
were patients with RA. Rheumatoid patients, however, had
an increased representation in the periprosthetic fracture
group, with an incidence of 11% and 10% in the primary
and revision population respectively (p < 0.001).%

Osteoporosis and prior fragility fracture The presence of oste-
oporosis is a risk factor for intraoperative periprosthetic
fracture. Taylor reports a series where 80% of the patients
with periprosthetic fractures had osteoporosis."® Wu et al.
found that preoperative osteoporosis (according to the
Singh index) was a significant predictor for fracture.”
Using fracture as a hallmark for osteoporosis, Beals and
Tower observed that 38% of patients in their study had
prior fragility fractures, and therefore osteoporosis.” In a
small case-control study, Sarvilanna reported a risk ratio of
4.4 for periprosthetic fracture if the primary diagnosis for
arthroplasty was fracture, with confidence intervals of
1.4-14.” Thus, osteoporotic patients, or those patients who
have already sustained a fracture are at increased risk of
having a periprosthetic fracture, a finding supported by
several studies.

Component loosening Loose femoral components appear to
be at risk for periprosthetic fracture. In an in-vitro study,
Harris et al. found that femoral component loosening was
a risk factor for periprosthetic fracture in cemented hips.”
Several authors have reported that 50-75% of patients
demonstrated evidence of loosening prior to fracture.**
This is in keeping with the Swedish Hip Registry findings
indicating that 70% of the implants were loose prior to
periprosthetic fracture.?

Recommendations

¢ Older female patients (>70 years) who have a history of
RA, osteoporosis, or previous fragility fracture are at
increased risk of periprosthetic hip fracture
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¢ Patients exhibiting loosening of the femoral component
on plain radiographs are at increased risk of periprosthetic
fracture. Surgical intervention prior to fracture should be
considered

Question 2: What classification system is
effective in guiding treatment?

Case clarification

An 82 year old patient sustains a periprosthetic femur frac-
ture. The fracture extends from the mid-stem region to the
mid-diaphysis. The implant appears to be loose, and the
bone stock is poor. The surgeon begins therapeutic plan-
ning based on an understanding of the classification of this
fracture.

Relevance

Orthopedic surgery has classification systems intended to
facilitate management. The variability of pathology seen in
periprosthetic fractures of the femur necessitates an effec-
tive classification system to aid in the communication of
diagnoses among surgical colleagues, and develop man-
agement plans. The ability to classify these fractures prop-
erly will assist in their management.

Current opinion
The classification method most commonly used is the

In 1995 Duncan and Masri published the Vancouver
classification in order to emphasize the significance in
the therapeutic decision-making process not only of the
quality of the prosthetic-bone interface (stability), but
also of the host bone stock.”” The Vancouver classifica-
tion system has been subject to reliability and validity
testing in both North America and Europe®?' Brady
demonstrated the reliability of the system when
evaluated by experts and nonexperts alike, with intraob-
server agreement ranging from 0.73 to 0.83, and interob-
server agreement of 0.61-0.64 by kappa analysis,
indicating substantial agreement between observers.
Validity was also evaluated revealing substantial agree-
ment (kappa value of 0.78).” Rayan revalidated the clas-
sification system in Europe, demonstrating its reliability
and usability by experts and nonexperts, and its use
across continents.”

As outlined earlier, the Vancouver system divides the
femur into three regions with reference to the stem: the
trochanteric (A); around or just below the stem (B); and
distal to that (C). Furthermore, to integrate this with treat-
ment, the B type is subdivided into those with a well-fixed
stem (B1), a loose stem (B2), and a loose stem with poor
bone stock (B3).

Recommendation
¢ The Vancouver classification for postoperative peripros-

Vancouver system, because of its relevance to the Fﬁmﬂmlrm@ré@mmctures of the femur is reliable and valid for both

of management and to the measurement of outcomes.

Finding the evidence
e PubMed: “periprosthetic” AND “classification” AND
“validation” OR “kappa”

Quality of the evidence
Level IV
¢ Retrospective cohort studies

Findings
A useful classification system incorporates clinical and
radiographic information to guide management, allowing
for appropriate treatment and comparison of similar
fractures.

Early classification systems focused on the location of the
fracture,” but became more sophisticated with time as sur-
geons recognized the implications of fracture pattern and
implant stability on treatment.?'**2

A formal inclusion of implant stability into peripros-
thetic classification scheme was presented by Beals and
Tower. In their retrospective review of 102 periprosthetic
fracture treatments, they increased the level of sophistica-
tion by considering both anatomic fracture location and
stability of the implant (inferred by implant/cement or
implant/bone interface disruption).”®

Openmirrors.com

experts and nonexperts [overall quality: high].

Question 3: What is the optimal management
and outcome of Vancouver type A fractures?

Case clarification

An 82 year old woman has radiographs that demonstrate
an uncemented THA with a fully porous-coated stem. She
has an undisplaced fracture of the greater trochanter. The
stem appears to be stable.

Current opinion

Current opinion suggests that proximal femoral peripros-
thetic fractures (Vancouver A type) can be treated either
nonoperatively or operatively, depending on the stability
and displacement of the fracture, assuming the stem is
stable.

Finding the evidence

e PubMed (Clinical queries) (etiology): “periprosthetic hip
fracture”

e PubMed: “periprosthetic hip fracture” AND (“risk
factor” OR “epidemiology”)

e MEDLINE: “periprosthetic hip fracture” AND “risk
factors” OR “epidemiology”
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Quality of the evidence
Level IV
¢ Retrospective cohort studies

Findings

The fractures are classified as type Ag (involving the greater
trochanter) or A;, (involving the lesser trochanter). Those of
the greater trochanter are often stable, and can be treated
nonoperatively if displaced less than 2cm® including limi-
tation of active abduction for 3 months. If displaced more
than 2cm they can be managed with open reduction and
internal fixation (ORIF) using a trochanteric claw plate.
Vancouver A, fractures are rare, and do not generally
require surgical management, unless the stability of the
implant is impaired by substantial disruption of the proxi-
mal medial femur, such as fractures associated with a sub-
stantial tongue of cortical bone. These are technically a B2
type fracture and management should be along those prin-
ciples. The presence of trochanteric fractures is usually
related to osteolysis and polyethylene wear, and treatment
should be directed towards the cause of the osteolysis.

Recommendations

¢ Vancouver type Ag fractures that are displaced greater
than 2 cm can be managed with ORIF [overall quality: low]
¢ Vancouver type A; do not require surgical intervention
unless they are technically a B2 fracture

Question 4: What is the optimal management
and outcome of Vancouver type B fractures?

Case clarification

A 70 year old woman with an uncemented THA has an
oblique fracture around the stem from the subtrochanteric
region to a point just distal to the tip of the stem.

Relevance

The treatment is based on the stability of the stem, as well
as the quantity and quality of the bone stock available in
that location.

Current opinion

Although there is variability between centers on many
specific details, the guiding principles include revision
of the stem, replenishment of bone stock unless its loss
is so severe that segmental replacement is needed, and
reduction of the fracture around the underlying
reconstruction.

Finding the evidence

¢ PubMed (Clinical queries) (etiology): “periprosthetic hip
fracture”

* PubMed: “periprosthetic hip fracture” AND (“risk
factor” OR “epidemiology”)
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e MEDLINE: “periprosthetic hip fracture” AND “risk
factors” OR “epidemiology”

Quality of the evidence
Level IV
¢ Retrospective cohort studies

Findings

Type B1 Type Bl fractures are located around or adjacent
to a stable femoral implant. The guiding principles include
reduction, stable fixation and when necessary, the addition
of bone graft. The surgical approach may be standard or
minimally invasive (MIPO).

Haddad demonstrated 98% union (39/40) when onlay
allografts were used with, or without, a plate. In this series,
there was only one nonunion and no malunions above
10°.% Similarly, Chandler’s report on 19 Bl cases with a
cortical onlay allograft revealed union in 17 and malunion
in only one of these 19 fractures.* This treatment technique
has been well documented.”

Ebraheim reports 13 consecutive Bl fractures treated
with reversed distal femoral locking plates. All fracture
healed, with only one delayed union.* Conversely, Buttaro
reports on 14 B1 fractures treated with locked compression
plating with unicortical screw fixation with or without
additional strut allograft. Because of over 50% failure in the
plate-only group, and only a 20% failure in the combination
allograft/plate constructs, the authors favored the latter
approach.” This is supported by other authors, including
Holley who suggests that for the Bl fracture the plate and
strut are superior to the plate alone.’ Recent biomechanical
studies by Zdero also support this finding. In this study a
variety of fixation strategies were examined for a peripros-
thetic fracture just distal to the tip of a well-fixed stem.
Among the fixation strategies used, the authors demon-
strate that a non-locking plate with cabled allograft pro-
vides the stiffest construct in vivo.® This finding is in
keeping with previous biomechanical studies.”

Ricci et al. advocate the use of the minimally invasive
plate osteosynthesis technique (MIPO), with indirect reduc-
tion and minimal soft tissue stripping. A union rate of 100%
in 41 fractures was reported, at a mean of 12 weeks using
a variety of plates. Minor implant failure was observed in
only three instances, without influencing union.** In con-
trast, Tadross reports on four failures in a small series of
seven fractures treated with the Dall-Miles cable plate
system, including two nonunions and two malunions. This
outcome was attributed to varus malalignment of the
femoral component, which caused distraction at the frac-
ture site."!

It is clear from the literature that Bl fractures should be
treated with open or minimally invasive reduction and
internal fixation, with or without cortical strut allograft.
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Type B2 and B3 Types B2 and B3 fractures are characterized
by the presence of fracture around or just below the stem,
with a loose femoral implant. The discriminating feature is
the quality and quantity of the surrounding bone stock;
adequate (B2) or poor (B3). Numerous surgical strategies
have been successfully employed in managing both B2 and
B3 fractures.

Tsiridis retrospectively reviewed the results of 106
patients with types B2 and B3 fractures; 89 treated with
impaction allografting, and 17 treated with cemented revi-
sion stems alone. Fractures treated with impaction grafting
and a long stem had increased union compared to impac-
tion grafting with a short stem (odds ratio 5.5, 95% CI
1.54-19.6, p = 0.009). Also, in this setting, impaction allo-
grafting with a long stem achieved higher union rates than
long-stem revision alone (odds ratio 4.07, 95% CI 1.10-15.0,
p =0.035).

Some authors have advocated the use of allograft in the
management of the B3 fracture.*? In a 1999 study, Wong and
Gross report successful outcomes on 15 patients with B3
fractures treated with proximal femoral circumferential
allografts. In their series they report one nonunion of the
host-allograft junction requiring plating and grafting and
one revision due to aseptic loosening of the femoral
implant. 13/15 had good results, with postoperative
Charnley scores of 5.1 with satisfactory pain relief and
returned to their preoperative level of function.”

cation, pulmonary embolism, and cerebrovascular
incidents.>’** Lindahl noted an overall complication rate
of 23%, including nonunion, refracture, aseptic loosening,
recurrent dislocation, deep infection, and ORIF failure in
1049 surgically managed fractures. In spite of this finding,
Lindahl reports 76% patient satisfaction following revision
for periprosthetic fracture (407 respondees). In the same
group, 30% had at least one reoperation, 39% had no pain,
and 61% had variable rates of pain.’

Recommendations

¢ Bl fractures generally can be treated by ORIF with plate
devices and/or the use of cortical strut allografts.
Augmentation with strut allograft may be beneficial
[overall quality: moderate]

* B2 and B3 fractures can be treated with revision to a
long-stem femoral component, with or without the addi-
tion of plate or allograft augmentation. Cementless,
cemented, or cemented within impaction allografting can
be used to address the pathology [overall quality:
moderate]

* B3 fractures can be treated with an allograft—prosthetic—
composite revision, segmental prosthesis, or with modular
titanium fluted stems with or without allograft struts
[overall quality: moderate]

¢ In the presence of a loose femoral component, internal
fixation alone is inadequate in managing the periprosthetic

Using another successful technique, Maury refR&NBAINTONGLAN [overall quality: moderate]

his outcomes of 25 Vancouver B3 fractures treated with
allograft prosthetic composites, with 20 hip scores at 2
years of 70.8.* The majority of their patients were ambula-
tory (23/24) and pain-free (21/24) at this time. Notably,
patients who had died or who were lost to follow-up (n = 8)
prior to the 2 year mark had lower 20 hip scores (62.5) and
more pain (3/8 pain-free). Four of the 25 hips required
repeat revision.

Park et al. recently reported encouraging results for treat-
ing B2 and B3 fractures with fluted modular titanium, with
a 92.6 % (25 of 27) successful outcome.*

Finally, in elderly patients with B3 fractures, the use of
proximal femoral replacement prostheses is advocated due
to a reduced rehabilitation time and immediate weight-
bearing capacity that these implants allow.” Proximal
femoral replacements have been shown to be effective, and
survivorship at 12 years is reported at 64%, which is ade-
quate for elderly patients with a limited life expectancy.

As with most revision operations, complication rates are
higher than in the primary setting. Data obtained from
early series of surgically managed periprosthetic femoral
fractures shows high complication rates and significant
patient morbidity.*'® Variable rates of complications have
been published in the literature for the B3 fracture, as high
as 29-66%. Major complications include dislocations, deep-
seated infections, nonunion, refracture, heterotopic ossifi-

Openmirrors.com

Question 5: What is the optimal management
of Vancouver type C fractures (intraoperative
and postoperative)?

Case clarification

An 82 year old woman has radiographs that demonstrate
an uncemented THA, with a proximal porous-coated taper
wedge stem. The stem is well fixed, and there is no fracture
of the proximal femur. A fracture is seen in the metadia-
physeal region of the distal femur.

Current opinion

Vancouver type C fractures can be treated nonoperatively
or operatively, and can be typically addressed independent
of the proximal femoral implant. Operative options include
locked plating, nonlocked plating, and combi-plating
(cable and screw combination).

Finding the evidence

e PubMed (Clinical queries) (etiology): “periprosthetic hip
fracture”

e PubMed: “periprosthetic hip fracture” AND (“risk
factor” OR “epidemiology”)

e MEDLINE: “periprosthetic hip fracture” AND “risk
factors” OR “epidemiology”
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Quality of the evidence
Level IV
* Retrospective cohort studies

Findings

Postoperative type C fractures are those that occur well
distal to the tip of the stem. Their morphology is quite vari-
able. Nonoperative management is not considered suitable
except in the sickest of patients because of poor results
(malunion, nonunions) with high morbidity to the patient
(partly due to prolonged bed rest).* Operative manage-
ment of these fractures entails reduction and fixation, inde-
pendent of the proximally located stem,* and is beyond the
scope of this chapter.

Recommendation

* Type C periprosthetic fractures (displaced fracture) can
be treated with ORIF using traditional fixed-angle devices,
or combination cable/screw-based implants. In addition
they should be managed with touch weightbearing status
for 6-8 weeks postoperatively, predicated on clinical and
radiographic features of healing [overall level: low]

Summary of recommendations

¢ Patients with osteoporosis or otherwise weak bone (e.g.,
RA) and a loose femoral component are at higher risk of
having a periprosthetic fracture

* The Vancouver Classification for postoperative peripros-
thetic fractures of the femur is reliable and valid for both
experts and nonexperts

* Type Ac fractures do not require operative management
unless displaced

* Type A, fractures are rare and do not require operative
management

* Type B fractures are managed based on the stability of
the femoral implant and integrity of the host bone around
the implant. Bl fractures are treated with open or mini-
mally invasive reduction, and internal fixation, with con-
sideration given to strut allograft. B2 and B3 fractures can
be treated with a variety of techniques including impaction
allograft, cemented or cementless revision stems for bypass
fixation, allograft—prosthetic-composites, or proximal
femoral replacement

* Type C fractures are treated independent of the femoral
prosthesis, using current trauma techniques and strategies
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